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Executive summary

The procedure

Thyrogen™ (thyrotropin alpha for injection) contains a highly purified recombinant
form of human thyroid-stimulating hormone (thTSH'"). This report summarises the
efficacy, safetyand cost-effectiveness of thTSH as a diagnostic agent for well-
differentiated thyroid cancer, on the basis of the currently available evidence and in the
context of the Australian public health care setting. This review is specific to well-
differentiated papillary and follicular cancer, for which current practice guidelines
recommend regular follow-up monitoring by radioiodine whole body scanning (WBY)
and serum thyroglobulin (Tg) testing;

The treatment for the majority of patients with well-differentiated papillary or follicular
thyroid cancer is a total or near-total thyroidectomy followed by an ablative dose of
radioiodine ('T). Patients are then treated with synthetic thyroid hormones,
predominantly thyroxine sodium (T,), to replace endogenous hormones and suppress
TSH secretion. The synthetic hormone T, suppresses serum levels of TSH and hence
minimises TSH-induced tumour growth. Lower levels of TSH also reduce iodine uptake
and Tg secretion by the remaining thyroid tissue or cancer. Therefore, periodic
withdrawal of thyroid hormone therapy (THT withdrawal) is required to raise
endogenous serum TSH levels for diagnostic radioiodine scanning and to enhance serum
Tg testing sensitivity.

Currently, patients are monitored for the presence of thyroid cancer by Tg testing alone
or in combination with radioiodine imaging, after withdrawal of thyroid hormone
therapy. During withdrawal, patients may experience a period of severe hypothyroidism,
which can produce fatigue, weight gain, depression, inability to carry out normal
activities, and occasional significant illness. For patients in whom withdrawal is medically
contraindicated, Tg testing while remaining on thyroid hormone therapy is performed.
However, the diagnostic accuracy of this approach is known to be poor. In contrast,
exogenous thTSH artificially simulates the uptake of iodine and Tg secretion by the
thyroid tissue or cancer. This allows patients to remain on hormone suppression therapy
and avoid hypothyroidism while being assessed for the presence of residual or recurrent
cancer.

Reconstituted thTSH is administered by a medical practitioner via intramuscular
injection. Two doses are given, 24 hours apart, such that the second dose is given 24

IThis assessment is based on evidence relating to Thyrogen[] , a product marketed by Genzyme Australasia
Pty Ltd. Notw ithstanding any difference betw een Thyrogen™ and other current or future thTSH
compounds, it is intended that the findings of this health technology assessmentwill be applicable to all
brands of thTSH.
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hours prior to radioiodine administration. Diagnostic scanning occurs 48 hours later. A
blood sample is obtained at the time of scanning for the measurement of serum Tg.

Medical Services Advisory Committee — role and approach

The Medical Services Advisory Committee (MSAC) is a key element of a measure taken
by the Commonwealth Government to strengthen the role of evidence in health
financing decisions in Australia. MSAC advises the Commonw ealth Minister for Health
and Ageing on the evidence relating to the safety, effectiveness and cost-effectiveness of
new and existing medical technologies and procedures, and under what circumstances
public funding should be supported.

A rigorous assessment of the available evidence is thus the basis of decision-making
when funding is sought under Medicare. Medical Technology Assessment Group (M-
TAG) Pty Ltd was contracted to conduct a systematic review and economic evaluation of

rhTSH. A supporting committee with appropriate expertise then evaluated this evidence
and provided advice to MSAC.

MSAC’s assessment of rhTSH

Clinical need

Incidence

The Australian Institute of Health and Welfare (AIHW) statistics indicate that
approximately 1000 patients were diagnosed with thyroid cancer in 1998 (273 males, 723
females). This represents approximately one per cent of all cancers diagnosed (excluding
non-melanoma skin cancers). At diagnosis the vast majority of these patients have well-
differentiated papillary or follicular thyroid cancer.

Mortality

Sixty-nine patients died from thyroid cancer in Australia in 1998. The number of patients
diagnosed annually with thyroid cancer is approximately fourteen times the number who
die from the disease, reflecting the high survival rate in this disease (AIHW and AACR
2001). Australian data indicate a 5-year relative survival rate of approximately 94 per cent
for females and 92 per cent for males (Threlfall and Brameld 2000). Overseas sources
report 5-year survival rates of treated patients with well-differentiated thyroid cancer
ranging from 65-95 per cent (Lin et al 2001, National Statistics 2000, Tzavaraet al 1999).

Long-term survival of patients with well-differentiated thyroid cancer is common, but
patients are at risk of tumour recurrence for decades after diagnosis (Cobin et al 2002).
Therefore, long-term surveillance of these patients is necessary.

Mor bidity

Morbidity associated with well-differentiated thyroid cancer usually arises from treatment
and monitoring procedures rather than disease per €. After initial diagnosis, patients

8 rhTSH: diagnostic agent for well-differentiated thyroid cancer



require surgical resection of the thyroid gland, a procedure which is associated with a risk
of hypoparathyroidism and laryngeal nerve injury (Cobin et @ 2002). Generally, patients
are then required to undergo radioiodine ablation which requires a period of
hospitalisation and may be associated with a number of short to long-term adverse
effects (Alexander et @ 1998). Patients then requite lifetime daily treatment with thyroid
hormone therapy, which may have adverse effects on the heart and bones (Burman
1995). Patients also require lifetime monitoring to detect disease recurrence. Currently,
monitoring for differentiated thyroid cancer requires patients to endure up to 12 weeks
of hypothyroidism. Hypothyroidism is associated with fatigue, decreased appetite, pain,
sleep disturbance, constipation, impaired motor skills, psychological changes and fluid
retention. Hypothyroidism also has the potential to result in temporary swelling of a
tumour, which is undesirable in some tumour locations. Progression to metastatic disease
may be associated with significant morbidity.

Therefore, periods of morbidity associated with hypothyroidism and hospitalisations
associated with radioiodine ablation/treatment of recurrent or residual disease are
features of the disease. These have the potential to impact on work productivity and
family life, particularly as the disease is normally diagnosed in patients who are of
working age.

Safety

To date, approximately 800 patients have received thTSH in clinical trials. In general, the
adverse events associated with the use of thTSH appear to be mild in nature. The most

commonly reported adverse events reported in association with thTSH use are headache
and nausea. However, there are also individual case studies that report serious adverse
events associated with the swelling of metastases after thTSH administration. To reduce
the incidence of these serious adverse events, pre-treatment with corticosteroids may be
considered prior to the administration of thTSH in patients with metastatic disease in
confined spaces. Furthermore, the adverse events associated with thTSH should be

considered in the context of the hypothyroidism experienced by patients undergoing
THT withdrawal

Effectiveness

This assessment focuses primarily on the cohort of patients who had already had one
negative follow-up using the current THT withdrawal method. However, for
completeness, implications for use in a broader population of patients are also
considered.

Accuracy and precision

The primary efficacy measure was the diagnostic accuracy using thTSH compared with
the comparator of THT withdrawal. Two studies classified as containing level 2
diagnostic evidence were considered, as these represented the best available evidence.

When used with concurrent serum Tg testing and whole body scanning (a positive
patient being defined as a positive result inither detection method), the unadjusted

rhTSH: diagnostic agent for well-differentiated thyroid cancer 9



sensitivity of thTSH was 87 per cent, specificity was 95 per cent and accuracy 89 per
cent.

When used with serum Tg testing alone (as may be the case in remote locations), the
unadjusted sensitivity of thTSH was 69 per cent, specificity was 100 per cent and
accuracy 77 per cent.

These results were considered generalisable to the broader population of patients that
includes those presenting for their first diagnostic follow-up.

Quality of life

Quality of life (QOL) evidence in this assessment comes from open-labelled trials in
which the order of the diagnostic interventions was neither balanced nor randomised.
Nevertheless, this evidence indicates a poorer general and thyroid-specific quality of life
during THT withdrawal compared with thTSH. The magnitude of the differences was
considerable.

The quality of life data from the SF-36 survey were used to derive health utility values.
The resultant utilities for the temporary health state of hypothyroidism is 0.650 compared
with 0.825 for patients receiving thTSH. These utility values summarise the quality of life
advantage of thTSH relative to THT withdrawal, although it is important to remember
that this benefit is transient and infrequent. This factor is incorporated in the decision-
analytic model that estimates the time spent in each health state in the first five years
post-thyroidectomy, while also considering the diagnostic accuracy of thTSH and the
comparator.

Improved compliance with disease status monitoring

The effectiveness of THT withdrawal is reduced as some patients fail to comply with
follow-up in order to avoid a period of hypothyroidism. However, the extent of the non-
compliance is not known.

Increased compliance resulting from avoidance of a hypothyroid period when using
rhTSH is incorporated into the analysis.

Cost-effectiveness

This assessment used a decision-analytic cost-utility model to determine the cost-
effectiveness of thTSH relative to THT withdrawal, in the cohort of patients who have
already had one negative follow-up using THT withdrawal The average cost per patient in
the thTSH arm was $6761 for the five-year period. The equivalent cost for THT
withdrawal was $2309, resulting in an incremental cost of $4452. The average number of
quality-adjusted life-years (QALY's) for rhTSH arm was 3.81, only marginally greater than
that on THT withdrawal, 3.72. Therefore, the incremental utility was 0.09. The difference
in utilities is small because the hypothyroid state induced by THT withdrawal prior to
scanning is brief. With significantly increased cost and only a marginal improvement in

average utility, the incremental cost-effectiveness in this specific patient group is $51,344
per QALY.

10
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The total population for whom the diagnostic use of thTSH is indicated is small. For this
reason, the total financial impact of public reimbursement is likely to be modest.

Recommendation

MSAC recommended that on the strength of evidence pertaining to the diagnostic use of
recombinant thyroid-stimulating hormone in well-differentiated thyroid cancer, public
funding should be supported for this procedure only in patients in whom THT
withdrawal is medically contraindicated. In addition, on the basis of the current evidence,
both thTSH-stimulated whole body scanning and serum Tg testing should be undertaken
concurrently. MSAC recommends that public funding for thTSH should not be
supported in patients who are able to tolerate THT withdrawal, on the basis of lower
diagnostic accuracy and a high cost-effectiveness ratio.

The Minister for Health and Ageing accepted this recommendation on 16 October 2002,

rhTSH: diagnostic agent for well-differentiated thyroid cancer 11
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of recombinant
human thyroid-stimulating hormone (thTSH), which is a diagnostic agent for well-
differentiated thyroid cancer. MSAC evaluates new and existing health technologies and
procedures for which funding is sought under the Medicare Benefits Scheme in terms of
their safety, effectiveness and cost-effectiveness, while taking into account other issues
such as access and equity. MSAC adopts an evidence-based approach to its assessments,
based on reviews of the scientific literature and other information sources, including
clinical expertise.

MSAC’s terms of reference and membership are at Appendix A. MSACis a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for rhTSH for use with
radioiodine imaging and serum thyroglobulin (Tg) testing, undertaken for the detection
of thyroid remnants and well-differentiated thyroid cancerin post-thyroidectomy patients
maintained on hormone suppression therapy and at risk of recurrence. This assessment
focuses primarily on the cohort of patients who have already had one negative follow-up
using the current THT withdrawal method.

rhTSH: diagnostic agent for well-differentiated thyroid cancer 13



Background

Recombinant human thyroid-stimulating hormone (rhTSH)

The procedure

Thyrogen™ (thyrotropin alpha for injection) contains a highly purified recombinant
form of human thyroid-stimulating hormone (thTSH?). Genzyme Australasia Pty Itd has
proposed the following listing for Thyrogen™.

“For use with radioactive iodine imaging and serum thyroglobulin (Tg) testing,
undertaken for the detection of thyroid remnants and well-differentiated thyroid
cancer in post-thyroidectomy patients maintained on hormone suppression
therapy and at risk of recurrence.”

The treatment for the majority of patients with thyroid cancer is a total or near-total
thyroidectomy followed by an ablative dose of radioiodine (°'T). Patients are then treated
with synthetic thyroid hormones, predominantly thyroxine sodium (T,), to replace
endogenous hormones. The synthetic hormone T, also suppresses serum levels of
thyroid-stimulating hormone (TSH), and hence minimises TSH-induced tumour growth.
Lower levels of TSH reduce iodine uptake and Tg secretion by the thyroid tissue.
Therefore, periodic thyroid hormone therapy withdrawal (THT withdrawal) is required
to raise endogenous serum TSH levels for radioiodine scanning and enhance serum Tg
testing sensitivity.

Currently, patients are monitored for residual or recurrent thyroid cancer by Tg testing
alone or in combination with radioiodine imaging, after withdrawal of thyroid hormone
therapy. During withdrawal, patients may experience a period of severe hypothyroidism,
which can produce fatigue, weight gain, depression, inability to carry out normal activities
and occasional significant illness. For patients in whom THT withdrawal is medically
contraindicated, Tg testing is carried out while the patient remains on thyroid hormone
therapy; however, the diagnostic accuracy of this approach is known to be poor.

In contrast, exogenous thTSH artificially stimulates the uptake of iodine and
thyroglobulin (Tg) secretion by the thyroid tissue, allowing patients to remain on THT
and avoid hypothyroidism while being assessed for the presence of residual or recurrent
cancer.

This assessment is based on evidence relating to Thyrogen[] , a product marketed by Genzyme Australasia
Pty Ltd. Notwithstanding any difference betw een Thyrogen] and other current or future thTSH
compounds, it is intended that the findings of this health technology assessmentwill be applicable to all
brands of thTSH.

14
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Reconstituted rthTSH is administered via intramuscular injection to the buttock.
Thyrogen™ is supplied as a sterile, non-pyrogenic, lyophilised product. It is available as a
kit containing two 1.1 mg vials (>4 IU) of thTSH. The powder is reconstituted
immediately prior to use with 1.2 mL of the diluent provided. Each vial of thTSH is
intended for single use. Two doses of thTSH 0.9 mg are administered 24 hours apart.

It is proposed that patients will collect the refrigerated medication from the pharmacy,
and take it to their medical practitioner for injection over two consecutive days.
Radioiodine administration would then take place 24 hours after the second injection,
with scanning being carried out a further 48 hours later. A blood sample is obtained at
the time of scanning for the measurement of serum Tg.

Intended purpose

The TGA-listed indication for thTSH is for use with radioiodine imaging and Tg testing,
undertaken for the detection of thyroid remnants and well-differentiated thyroid cancer
in post-thyroidectomy patients maintained on hormone suppression therapy and at risk
of recurrence. This assessment focuses primarily on the cohort of patients who have
already had one negative follow-up using the current THT withdrawal method.

Clinical need/burden of disease

Incidence of thyroid cancer

The Australian Institute of Health and Welfare (AIHW) has published statistics on the
incidence of various cancers occurring each year in the Australian population. The most
recent data show that 996 new cases of thyroid cancer were diagnosed in 1998 (273
males, 723 females; (AIHW and AACR 2001)). This compares with 860 new cases
diagnosed in 1997, 897 new cases diagnosed in 1996, and 808 cases in 1995. In total,
there were 80,804 patients diagnosed with any type of cancer in 1998 (exduding non-
melanoma skin cancers) and therefore the proportion diagnosed with thyroid cancer was
approximately 1 per cent. In 1997, thyroid cancer was the twenty-sixth most commonly
diagnosed cancer (AIHW and AACR 2000). At diagnosis the vast majority of these
patients have well-differentiated papillary or follicular thyroid cancer.

Mortality due to thyroid cancer

The numbers of patients who died from thyroid cancer in Australia in 1998, 1997 and
1996 were 69, 71, and 72, respectively. Of the 69 deaths in 1998, 37 were males and 32
were females. In total, there were 34,270 deaths attributed to cancer for that year, and the
proportion of patients who died from thyroid cancer was 0.2 per cent. The number of
patients diagnosed annually with thyroid cancer is approximately fourteen times the
number who die from the disease, reflecting the high survival rate in this disease (AIHW
and AACR 2001).

In Australia, cancer data are collated by cancer registries in each state. Data available
from Western Australia indicate a 5-year relative survival of approximately 94 per cent

rhTSH: diagnostic agent for well-differentiated thyroid cancer 15



for females and 92 per cent for males (Threlfall and Brameld 2000). Overseas sources
report the 5-year survival with treatment for well-differentiated thyroid cancer as
approximately 95 per cent in the US, Greece and Taiwan. Other areas, such as the UK

and other European countries, report lower 5-year survival rates in the range 65-80 per
cent (Linetal 2001, National Statistics 2000, Tzavara et & 1999)

The prognosis of patients with thyroid cancer is affected by factors related to the patient,
the disease and treatment. Favourable patient and disease-related factors are a young age,
a small and histologically well-differentiated primary tumour and a tumour limited to the
thyroid gland or at least the neck. The prognostic factors related to treatment are less
clear due to the lack of randomised and appropriately controlled therapeutic clinical trials
(Cobin et al 2002). Cutrently debated treatment issues include the following: the extent of
primary surgical resection; the need for and the extent of regional lymph node resection;
the role of postoperative radioiodine remnant ablation; and the degree of suppression
needed in long-term management.

Morbidity

Morbidity associated with well-differentiated thyroid cancer arises primarily from
treatment and monitoring procedures rather than the disease per $. Afterinitial diagnosis,
patients require surgical resection of the thyroid gland followed by radioiodine ablation.

Thyroid surgery and radioiodine ablation have a low risk of significant complications
(Cobin et al 2002). Radioiodine treatment requires a period of hospitalisation and may be
associated with short-term (Lin etal 1996) or longer term adverse reactions (Alexander et
al 1998).

Currently, routine monitosring requires a period of withdrawal from thyroid hormone
therapy. Depending on the duration of withdrawal and subsequent restoration of
euthyroid status, the patient may be rendered hypothyroid for up to 12 weeks.
Hypothyroidism is associated with fatigue, decreased appetite, pain, sleep disturbance,
constipation, impaired motor skills, psychological changes and fluid retention. However,
the extent of the hypothyroidism will be variable throughout this period, with the worst
symptoms occurring around the time of scanning. Hypothyroidism also has the potential
to result in temporary swelling of a tumour, which is undesirable in some tumour
locations.

Therefore, periods of morbidity associated with hypothyroidism and, if necessary,
hospitalisations associated with radioiodine ablation/treatment of recutrent or residual
disease, are a feature of the disease. These have the potential to impact on work
productivity and family life, patticularly as the disease is normally diagnosed in patients
who are of working age. Quantification of the impact of hypothyroidism on a patient’s
quality of life is discussed in more detail later in this report.

Furthermore, the need for medication (predominantly T,) is required to suppress
endogenous thyroid hormones for the remainder of the patient’s life. Long-term thyroid
hormone therapy may have adverse effects on bone and the heart, including accelerated
bone turnover, osteoporosis and attial fibdllation (Burman 1995, Cobin 1995, Sawinet al
1994). Consequently, individual dose titration is required, and many experts maintain that

16
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long-term complete TSH suppression should be reserved for higher risk patients (Cobin
et al 2002). Transient excessive doses of T, can lead to the manifestations of
thyrotoxicosis. Importantly, the requirement for ongoing daily medication and
monitoring may also impact on the patient’s quality of life. Furthermore, as with all
medications, the patient and physician need to consider potential drug interactions.

If progression to metastatic disease occurs, distant metastases may be associated with
significant morbidity. Examples are tumours located in the lung, brain, bone or adjacent
to the spinal cord. If progression to undifferentiated disease occurs, radioiodine ablation
is ineffective. While surgical treatment remains an option in some situations, the
prognosis deteriorates considerably. Patients who fail to comply with routine monitoring
may progress to metastatic and/or undifferentiated disease without prior symptoms.

Estimation of clinical need for the rhTSH diagnostic use of rhTSH

To estimate the clinical need for thTSH in a diagnostic role it is preferable to estimate
the number of procedures undertaken in this group of patients annually, rather than the
number of patients. This approach takes into account multiple use of diagnostic
procedures by one patient within the year, aswell as infrequent monitoring that occurs in
later years when patients remain disease-free. It therefore reflects the likely clinical need
for the diagnostic procedure.

Nevertheless, patient statistics are of interest and are presented here for completeness.

Estimated new patients annually

There were 2121 hospital separations recorded in 1999-2000 for patients who had a
principle diagnosis code of malignant neoplasm of the thyroid gland (Principle Diagnosis
Code C73). Of these, 1636 were in public hospitals and 485 in private hospitals; 538 were
males and 1583 were females. Fifty-two per cent of the separations occurred in patients
aged 30-55 years (AIHW 2002). The figure of 2121 separations may incorporate multiple
visits to hospital by the same patient for a range of procedures, and therefore is an
overestimation of the number of patients diagnosed with thyroid cancer.

Also available from AIHW are separations according to procedure block. The total

number of separations for procedure block 115 (total thyroidectomy) in the year 1999—
2000 was 5579 (public 3761, private 2832) (AIHW 2001b, AIHW 20014a).

Of the 2121 separations for thyroid cancer patients and the 5579 separations for
thyroidectomy, 1581 separations occurred in patients who had a principal diagnosis of
thyroid cancer and who underwent a total thyroidectomy (971 public, 610 private).’ In
summary, the annual number of patients with a principal diagnosis of thyroid cancer and
who underwent a total thyroidectomy (1581) represents an estimation of the minimum
number of new patients meeting the rhTSH indication annually.

3Personal communication from ATHW.
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Estimated number of diagnostic procedures annually

Tertroxin (T; liothyronine sodium) is used by some clinicians to ease the symptoms of
THT withdrawal Statistics from the Pharmaceutical Benefits Schedule (CDHA 2002)
and the Repatriation Pharmaceutical Benefits Schedule (RPBS) (CDHA 2002) show that
a total of 5878 prescriptions for Tertroxin (item number 2318B, 100 X 20 pg) were filled
on the PBS and RPBS in the year 2000-2001 (HIC 2002b). However, this figure is not
representative of the number of patients undergoing T, withdrawal, as many clinicians
do not use T, during T, withdrawal periods. Furthermore, T, is reimbursed for several
indications (management of patients with thyroid cancer; replacement therapy for
hypothyroid patients who have documented intolerance or resistance to thyroxine
sodium; initiation of thyroid therapy in severely hypothyroid patients).

A better alternative is to review the number of whole-body diagnostic radioiodine scans
conducted annually. A scan is usually conducted at each scheduled follow-up in
conjunction with serum Tg testing, although some patients may have Tg testing alone,
particulady when access to scanning is difficult. Statistics from the Medicare Benefits
Schedule (2001) show that 985 patients underwent a whole-body diagnostic radioiodine
scan (item number: 61426) in the year 2000-2001 (HIC 2002a). However, this represents
only those patients treated outside of the public hospital system. Similarly, it excludes the
smaller number of scans reimbursed by the Department of Veterans’ Affairs.

If this figure is upscaled by the public:private ratio calculated for total thyroidectomy
(1.56:1), then it is estimated that a total of 2526 scans are performed annually (1541
public:985 private).

Since patients do not have a radioiodine scan every year of follow -up, this figure should
be viewed as ‘number of procedures’ rather than ‘number of patients’, and should equate
with the potential number of courses of thTSH given in one year. However, this estimate
still exdudes any patients currently monitored with a serum Tg test alone.

In summary, the best available estimate of the potential number of courses of rhTSH in
one year, based on current treatment, is 2526. However, improved monitoting
compliance and increased use by patients for whom THT withdrawal is medically
contraindicated will inflate this estimate.

Patient subpopulations in whom rhTSH diagnostic use is indicated

Of the patients with thyroid cancer who have undergone a thyroidectomy and ablation, it
is assumed that all would require follow-up testing for cancer recurrence by radioiodine
uptake and serum Tg levels. At a minimum, patients suitable for thTSH administration
would be those who: are unable to raise endogenous TSH levels to that required for
optimal radioiodine imaging (Ringel and Ladenson 1996); have a tumour adjacent to the
central nervous system (Ladenson 1999); have a concomitant medical condition, such as
renal failure or heatt failure, that makes thyroid hormone withdrawal medically
contraindicated (Mazzaferri and Kloos 2000); or have previously experienced a serious
medical or psychiatric complication of short-term hypothyroidism. Of this group of
patients, thTSH may have a particulady important role in those who have a positive
on-T, Tg test, who otherwise would require a battery of diagnostic imaging procedures.
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It is evident that the majority of thyroid cancer patients with hypothyroidism due to
THT withdrawal suffer a significant, albeit transient, decrease in their quality of life and,
in many cases, losses in work productivity. A quality-of-life (QOL) study of thyroid
cancer patients (Dow etal 1997) has shown that common physical changes associated
with hypothyroidism include fatigue, decreased appetite, pain, sleep disturbance,
constipation, motor skills and fluid retention. Psychological changes occur in the areas of
perceived coping, overall QOL, happiness, sense of control, satisfaction, concentration,
usefulness, appearance, anxiety and depression. However, it is important to remember
that the periods of hypothyroidism are relatively brief (up to 12 weeks) and infrequent.

Patients who test positive for serum Tg antibodies cannot be accurately assessed with a
serum Tg test, whether stimulated with THT withdrawal or thTSH. Whole body
scanning can be used instead in this patient subgroup, but this may be problematic for
patients in rural and remote locations.

The primary review was limited to diagnostic use of thTSH in the routine follow-up of
patients whose post-thyroidectomy and/or ablation withdrawal scan was negative, as
long as the scans remain negative.

Existing procedures

Currently, post-thyroidectomy/ablation patients are routinely monitored' for the
presence of residual or recurrent cancer in one of the following three ways.

e Tgtesting and radioiodine imaging after hormone suppression therapy
withdrawal

* Tg testing after hormone suppression therapy withdrawal

» Tg testing while the patient remains on hormone suppression therapy.

No statistics are available to determine precisely the proportion of patients within each of
these categories. For the purpose of this review, expert opinion estimated that the
majority of patients have serum Tg testing and radioiodine scanning after THT
withdrawal, whilst serum Tg testing alone is more common in patients living in rural and
remote areas. A smaller proportion of patients have serum Tg testingwhile they remain
on THT because THT withdrawal is medically contraindicated’.

For the purpose of this review, expert opinion has estimated that, on average, Australian routine
monitoring occurs at six months, one year, three years and five years after initial treatment. If patients
subsequently test positive and require further treatment, they then recommence monitoring at the
beginning of this schedule.

SHypopituitatism, functional metastases, ischaemic heart disease, severe psychiatric disturbances when
hypothyroid, very advanced disease or frailty.
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Comparator

The comparator is considered to be the testing procedure most likely to be replaced in
practice by the thTSH testing procedure. In the majority of cases this is THT withdrawal.
However, in some patients THT withdrawal is medically contraindicated and testing is
undertaken while on THT (Table 1).

Table 1 Comparator regimens
Detection mode

WBS +serumTgresult Serum Tg alone
Primary evaluation
Only patients who have had a WBS + serum Tg after THT withdrawal ~ Serum Tg after THT withdrawal
negative post-treatment diagnostic
testd
Secondary evaluations
All patients presenting for WBS + serum Tg after THT withdrawal ~ Serum Tg after THT withdrawal
diagnostic testing
Patients forwhom THT withdrawal | On-THT serum Tg, then:
i i indi b
is medically contraindicated if negative, watchful waiting

if positive, thallium scan and/or PET scan

Abbreviations: Tg, thyroglobulin; THT, thyroid hormone therapy; PET, positron emission tomography; WBS whole

body radioiodine scan

aGenerally, post-treatment diagnosic tests are performed six months after treatment. However, atthe suggestion ofthe applicant, the pimary
assessment excludes patents havng their first post-treatment follow-up. The excluded group will include both new patients and patents with
recurrent disease.

"Hypopituitarism, functional metastases, ischaemic heart disease, severe psychiatric disturbances when hypothyroid, very advanced
disease, fraity.

Current practice guidelines recommend conducting both a whole body scan (WBS) and a
serum Tg test. Therefore, this review will primarily consider the concurrent use of the
two detection modes. In practice, patients receive treatment if either test is positive. In
rural and remote areas of Australia, access to WBS may be limited. For this reason, the
current assessment will also investigate the diagnostic accuracy of serum Tg testing alone.
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Marketing status of the technology

Thyrogen™ obtained registration as an orphan drug from the Therapeutic Goods
Administration (TGA) on the 14 September 2001.” The Australian Registry of
Therapeutic Goods number for the drug is ARTG 79777. The TGA-listed indication for

Thyrogen™ is:

“For use with radioactive iodine imaging and serum thyroglobulin (T'g) testing,
undertaken for the detection of thyroid remnants and well-differentiated thyroid
cancer in post-thyroidectomy patients maintained on hormone suppression
therapy and at risk of recurrence”.

Thyrogen™ is not approved by the TGA for therapeutic use and therefore this role is
specifically exduded from this review.

Thyrogen™ was registered in the US by the Food and Drug Administration on the 30
November 1998 (application number: 020898) (FDA CDER 1998). The FDA-listed
indication for Thyrogen™ is:

“As an adjunctive diagnostic tool for serum thyroglobulin (Tg) testing with or
without radioiodine imaging in the follow-up of patients with thyroid cancer”.

Thyrogen™ was authorised for use in the European Union (EU) on the 9 March 2000
(EU number: 1 vial, EU/1/99/122/001; 2 vials EU/1/199/122/002) (Eutopean
Communities 2002). The EU indication for Thyrogen™ is:

“Thyrogen™ (thyrotropin alpha) isindicated for use with radioiodine imaging
together with serum testing undertaken for the detection of thyroid remnants
and well differentiated thyroid cancer in thyroidectomy patients”.

Current reimbursement arrangement

There is no current reimbursement arrangement for Thyrogen™ (thTSH) or its
administration in Australia. The radioiodine WBS (item number: 61420) and the serum
Tg test (item number: 66650) are currently reimbursed through Medicare.

Personal communication, TGA, 8 July 2002.
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Approach to assessment

Review of literature

The medical literature was searched to identify relevant studies and reviews for the
period between 1980 and 2002.

Searches were conducted via the following primary databases:
* Premedline

*  Medline 1966 to current

*  Embase 1980 to current

* Cancerlit 1975 to current

*  Econlit 1969 to current

e  HealthSTAR 1975 to current

The search terms used included the following terms:

* Thyroid neoplasms; thyroidectomy; thyroid cancer; thyroid carcinoma; differentiated
thyroid; thyroid remnant; neoplasm recurrence, local; residual neoplasm.

* Thyrogen™; recombinant human thyrotropin; recombinant thyrotropin,
recombinant human thyroid stimulating hormone; recombinant thyroid stimulating
hormone; recombinant human TSH; recombinant TSH; exogenous human thyroid
stimulating hormone; exogenous thyroid stimulating hormone; exogenous human
TSH; exogenous TSH; exogenous human thyrotropin; exogenous thyrotropin;
rhTSH; fTSH; thyrotropin alpha; thyrotropin; 194100-83-9.

Complete details of the literature searches performed using the Medline and Embase
databases are presented in Appendix D.

Searches of the following secondary databases/sites were also performed:

The Cochrane Library
*  British Columbia Office of Health Technology Assessment
* (Canadian Coordinating Office for Health Technology Assessment (CCOHTA)

* Centre for Health Program Evaluation (Monash University, Australia)
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*  Centre for Reviews and Dissemination (University of York, UK)
* Health Economics Research Group (Brunel University, UK)

* Health Information Research Unit (HIRU) internal database (McMaster University,
Ontario, Canada)

* International Netwotk of Agencies for Health Technology Assessment (INAHTA)
(Sweden)

* International Society of Technology Assessment in Health Care (Montreal, Canada)
* National Health and Medical Research Council Australia Publication list
* National Health Service (UK)

e National Information Center on Health Setvices Research and Health Care
Technology (HSTAT database) (US)

* Swedish Council on Technology Assessment in Health Care (SBU)
* US Office of Technology Assessment 1974-1995 (closed)

* US Health Care Financing Administration (HCFA).

Inclusion criteria
* A study comparing thTSH with an appropriate reference standard.
* A study of patients with differentiated thyroid cancer.

e A study of thTSH used as a diagnostic aid in testing for recurrent thyroid cancer or
thyroid remnants.

* A study using the correct thTSH dose regimen.

Exclusion criteria
*  Non-systematic reviews or opinion pieces.
e  Non-human or in Vitro studies.

* A study of the therapeutic or ablative use of thTSH.

* A study with 20 or fewer patients (efficacy and QOL assessment only).
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The flow chart in Figure 1 summarises the exclusion of studies from the effectiveness
review of thTSH. A complete list of the citations identified in the literature search is
included in Appendix E, together with reasons for exclusion from the effectiveness

review.

Identified by search
(n =209)

y

Original studies
(n =123)

Excluded if a non-systematic
review, editorial, letter, news
article, note, survey or
opinion piece

(n = 86)

v

Original in vivo human studies
(n=77)

Excluded if non-human or
in vitro study

(n =46)

v

Original in vivo human studies of
rhTSH

(n=41)

Excluded if study reports a
non-rhTSH study

(n = 36)

v

Original in vivo human studies of
rhTSH in patients with differentiated
thy roid cancer

(n =35)

Excluded if the study is in
the wrong patient group

(n =6)

v

Original in vivo human studies of
the diagnostic use of rhTSH in
patients with differentiated thyroid
cancer

(n =22)

Excluded if the study
reports the wrong rhTSH
usage

(n=13)

v

Original in vivo human studies

of the diagnostic use of rhTSH

in =2 20 patients with differentiated
thy roid cancer

(n=14)

Excluded if <20 patients in
the study

(n=8)

v

Appropriately controlled original

in vivo human studies of the
diagnostic use of rhTSH in patients
with diff erentiated thyroid cancer

(n=3)

Excluded if the study does
not provide a meaningf ul
comparison with a suitable
reference standard

(n=29)

Figure1  Reasons for exclusion of published and unpublished reports identified by the

literature search
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The evidence presented in the selected studies was assessed and classified using the
dimensions of evidence defined by the National Health and Medical Research Council
(NHMRC 2000). These dimensions (Table 2) consider important aspects of the
evidence supporting a particular intervention and include three main domains: strength
of the evidence, size of the effect and relevance of the evidence. The first domain is
derived directly from the identified literature as informing a particular intervention. The
last two require expert dinical input as part of the determination.

Table 2 Evidence dimensions
Type of evidence Definition
Strength of the evidence
Level The study design used, as an indicator of the degree to which bias has been eliminated by
design®
Quality The methods used by investigators to minimise bias within a study design

Statistical precision | The p value or, altematively, the precision of the estimate of the effect. It reflects the
degree of certainty about the existence of a true effect

Size of effect The distance of the study estimate from the “ null’ vdue and the inclusion of only dinically
important effects in the confidence interval

Relevance of evidence The usefulness of the evidence in dinical practice, particularly the appropriateness of the
outcome measures used

aSee Table 3.

The three sub-domains (level, quality and statistical precision) are collectively a measure
of the strength of the evidence. The designations of the levels of evidence are shown in
Table 3. These designations are specific to evidence relating to diagnostic tests

(Bandolier 2002).
Table 3 Designations of levels ofevidence
Level of Study design
evidence
1 An independent, masked comparison with reference standard among an appropriate population of

consecutive patients

2 An independent, masked comparison with reference standard among non-consecutive patients or
confined to a namow population of study patients

3 An independent, masked comparison with an appropriate population of patients, but reference
standard not applied to all study patients

4 Reference standard not ap plied independently or masked
5 Ex pert opinion with no ex plicit critical appraisal, based on physiology, bench research, or first
principles

Source: Bandolier (2002).

A more detailed assessment of study quality was undertaken using a modification of the
diagnostic-specific checklist published by the Cochrane Screening and Diagnostic Tests
Methods group. Two evaluators independently scored each of the included studies. This
enabled a quality score to be assigned to each study. Details of the checklist and scoring
are provided in Appendix F.
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Additional searches
Additional searches were conducted to examine the following:
*  Quality of life data associated with hypothyroidism
* Economic evaluations of thTSH

* Information required for the modelled economic evaluation.

Expert advice

A supporting committee with expettise in general surgery, endocrinology, endocrine
surgery, nuclear medicine and radiation oncology was established to evaluate the
evidence and provide advice to MSAC from a clinical perspective. In selecting members
for supporting committees, MSAC’s practice is to approach the appropriate medical
colleges, specialist societies and associations, and consumer bodies for nominees.
Membership of the supporting committee is provided at Appendix B.
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Results of assessment

As shown in Table 4, a total of 14 relevant publications were identified by the literature
search.

The literature search identified six comparative studies of rhTSH. One of these studies
had fewer than 20 patients and, in accordance with the exclusion criteria, was excluded
from the effectiveness assessment (Meier et al 1994). However, for completeness this
study was reviewed for safety. Four of the comparative studies identified were
prospectively designed and two were retrospective in design. Three studies reported
blinding of the WBS evaluation and no studies reported blinding of the serum Tg tests.
Eight non-comparative studies of thTSH were also identified in the literature search. In
line with the exclusion criteria, these trials were omitted from the effectiveness
assessment. However, all non-comparative trials were reviewed for the safety assessment

of thTSH.

Due to the nature of THT withdrawal, it was not possible to blind the patients or
clinicians to the diagnostic modes used. Therefore, all the studies identified were
performed in an open-label fashion.

Table 4 Relevant studies identified
Study Study design Reviewed for Reviewed for
safety effectiveness
assessment assessment
Comparative studies
Haugen (1999) Prospective, evaluator-blinded®, with sequential v v
diagnostic measurements
Ladenson (1997) Prospective, evaluator-blinded, with sequential v v
diagnostic measurements
Mazzaferm and Kloos Retrospective, with a combination of variable reference v v
(2002) standards
Pacini (2001) Prospective, with sequentid diagnostic measurements v v
Robbins (2001) Retrospective, parallel cohort v v
Meier (1994 ) Prospective, dose ranging, evaluator blinded, with v X
sequential diagnostic measurements
Non-comparative studies
Giovanni (2002) Case series v X
Braga (2001) Case study v X
David (2001) Case series v X
Lippi (2001) Case series v X
Petrich (2001) Single-am clinical trial inconsecutive patients with v X
historical controls
Durski (2000) Case series v X
Mariani (2000) Case series v X
Vargas (1999) Case study v X

aOnly arm 1 of the Haugen studyutiised the dose and schedule of hTSH recommended in the Product Informaton. Arm Il was excluded from
furtheranalysis, including safety, asit used ahigher dose than is recommended in the Product ihformaton.
®Only blinded for WBS, not seum Tg.
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Is it safe?

Assessment of the safety of thTSH in the diagnostic testing of patients with
differentiated thyroid cancerincluded comparative and non-comparative studies. Studies
that described the use of thTSH for the treatment of differentiated thyroid cancer were
excluded from the safety review. Only patients who were administered the correct dosage
of thTSH in line with the manufacturer’s recommended schedule were included in the
safety review.

Table 5 summarises the safety data reported in three of the six identified comparative
studies of thTSH (Haugen et al 1999, Ladenson et al 1997, Meier et al 1994). The other
three studies did not report adverse event data (Mazzaferti and Kloos 2002, Pacini et al
2001, Robbins et al 2001). The most commonly reported adverse events associated with
the use of thTSH were: headache (3.5-11.1%) and nausea (7.7-17.4%).

The publication by Meier (1994) reported only those adverse events occurring in the
rhTSH phase of the study. Furthermore, only three patients received the correct dosage
of thTSH in line with the manufacturer’s recommended schedule. As shown in Table 5,
none of these patients experienced adverse events. However, three patients receiving the
highest doses of rhTSH (30—40 U) complained of nausea, which was mild in two patients
and moderate in one patient. In the latter patient, the nausea was accompanied by emesis
and hot flushes. One of the two patients who complained of mild nausea also
experienced mild weakness, dizziness and headaches for 48 hours after treatment.

Two patients in the trial by Ladenson (1997) discontinued the study due to adverse
events associated with thTSH. One patient experienced moderate nausea and dizziness
following the first dose of thTSH, and the other patient experienced nausea and
vomiting after two doses of thTSH. There were no serious adverse events reported that
were associated with the use of rhTSH in the Haugen (1999) or Ladenson (1997) studies.

There was no evidence of development of antibodies specific to thTSH reported in three
of the comparative trials assessed (Haugen et al 1999, Ladenson et al 1997, Meier et al
1994). The other three comparative trials did not assess thTSH-specific antibody levels
(Mazzaferri and Kloos 2002, Pacini et al 2001, Robbins et al 2001).
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Table 5

Adverse eventsreported in comparative studies of rhTSH

Adver se event Haugen (1999) Ladenson (1997) Meier (1994
rhTSH phase THT rhTSH phase THT rhTSH and
(Arm 1) withdrawal withdrawal THT
phase phase withdr awal
(Arm 1) phase
n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Digestive
Nausea 9117 (7.7%) nr 251144 (17.4%)  8/144 (5.6%) 0/3 (0.0%)
Vomiting 2117 (1.7%) nr 21144 (1.4%) 3/144 (2.1%) 0/3(0.0%)
Diarhoea nr nr 11144 (0.7%) 0/144 (0.0%) nr
Dyspepsia 31117 (2.6%) nr nr nr nr
Nausea with vomiting ~ 2/117 (1.7%) nr 0/144 (0.0%) 1144 (0.7%) 0/3(0.0%)
Moniliasis oral nr nr 11144 (0.7%) 0/144 (0.0%) nr
Thirst nr nr 11144 (0.7%) 0/144 (0.0%) nr
Body as awhole
Headache 13/117 (11.1%) nr 5/144 (3.5%) 4/144 2.8%) 0/3(0.0%)
Asthenia 6/117 (5.1%) nr 5/144 (3.5%) 0/144 (0.0%) nr
Paraesthesia 3117 (2.6%) nr nr nr nr
Hot flushes nr nr nr nr 0/3(0.0%)
Fever 21117 (1.7%) nr nr nr nr
Chills nr nr 21144 (1.4%) 0/144 (0.0%) nr
Pain 1117 (0.9%) nr 1144 (0.7%) 0/144 (0.0%) nr
Abdominal pain 1117 (0.9%) nr 11144 (0.7%) 0/144 (0.0%) nr
Neck pain nr nr 11144 (0.7%) 0/144 (0.0%) nr
Weakness nr nr nr nr 0/3(0.0%)
Nervous
Dizziness 2117 (1.7%) nr 21144 (1.4%) 1144 (0.7%) 0/3(0.0%)
Confusion nr nr 11144 (0.7%) 0/144 (0.0%) nr
Insomnia nr nr 11144 (0.7%) 0/144 (0.0%) nr
Nervousness nr nr 11144 (0.7%) 0/144 (0.0%) nr
Cardiovascular
Embolism pulmonary nr nr 0/144 (0.0%) 1144 (0.7%) nr
Left ex temal ear nr nr 0/144 (0.0%) 11144 (0.7% ) nr
canal bleeding
Hypotension nr nr 11144 (0.7%) 0/144 (0.0%) nr

Other
Hypercholesterolemia

Hyperlipidemia

1117 (0.9 )
0M17 (0.0% )

1117 (94%)
4117 (3.8 )

nr

nr

nr

nr

nr

nr

Abbreviations: nr, not reported; THT, thyroid hormone therapy.

aOnly patients receiving the correct dosage of thTSH were assessed.

bPossibly related to rhTSH administration.
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Table 6 summarises the adverse event data reported in the non-comparative studies of
rhTSH. The most common adverse events reported in these studies were headache and
nausea. Two reports of severe adverse events in patients with brain metastases were
reported: one patient had severe headaches (Giovanni et al 2002) and the other developed
right hemiplegia (Vargas et al 1999). Two patients with papillary thyroid carcinoma
experienced tumour growth 12—48 hours after the second thTSH injection, reflected by
acute respiratory distress or a palpable, tender mass (Braga et al 2001). Two patients
experienced transient swelling and pain in bone lesions. In one of these patients, who
had a very large metastatic invasion of the pelvis from bone metastasis, bone-lesion pain
was very severe and required analgesic drugs (Lippi et @l 2001). To reduce the inddence
of severe adverse events, pre-treatment with corticosteroids may be considered prior to
the administration of thTSH in patients with metastatic disease in confined spaces.

It should be noted that this assessment is specific to patients who have had a previous
negative THT withdrawal test. In general, such patients will have less aggressive disease
and may be less likely to experience the severe adverse events reported in these non-
comparative studies.

Table 6 Adverse eventsreported in non-comparative studies of rhTSH
Study Adver se event n/N Comments
Giovanni (2002)  Mild nausea 2/104
Moderate headache 4/104
Severe headache 17104 Patient with brain metastases
Violent skeletal pain 3/104 Patients with bone metastases
Braga (2001) Tumour enlargement 22 In patients with locd recurrent thyroid tumour
David (2001) Nausea 3/33
Headache 1/33
Lippi (2001) Bone pain 2112 Pain in bone lesions, severe in one patient
Mild fever 312
Mild nausea 2112
Death of patient due to tumour 112 Patient with diffuse metastaticinvolvement
cachexia 40 days after treatment.
Petrich (2001) Headache 6/30
Upper abd ominal symptoms 1/30
Durski (2000) Mild headache 6/38 Two patients had mild headache and nausea
Mild nausea 9/38
Light-headedness 2/38
Stomach ache 1/38
Mariani (2000) Mild nausea and general malaise ~20%*
with shivers
Moderately severe headache 1/22

“Hypothyroidism-like’ symptoms, Sporadic?
such as cold intolerance

Vargas (1999) Right hemiplegia and 11 Patient with follicular thyroid cancer metastatic to the
haemorrhage of the left parietal brain
and clival masses.

aNumber of pafents notreporied.
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In summary, it appears that the adverse events associated with the diagnostic use of
rhTSH are generally mild or moderate. They are usually transient in nature. The most
common adverse events are headache and nausea, although there are isolated repotts of
adverse events that appear to be the result of tumour swelling.

The impact of the adverse events associated with thTSH on patients’” quality of life

should be considered in the context of the hypothyroidism experienced by patients
undergoing TH'T withdrawal (see Tables 15-17).
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Is it effective?

Available evidence

Table 7 provides a summary of the five studies meeting the criteria for inclusion in the
effectiveness review of thTSH. These studies were dassified according to levels of
evidence specific to diagnostic tests (Table 3) (Bandolier 2002). Two studies contained

level 2 evidence (Haugen etal 1999, Ladenson et al 1997) and four studies contained level
4 evidence (Haugen et al 1999, Mazzaferti and Kloos 2002, Padni et al 2001, Robbins et al

2001). For more detailed information on these studies see Appendix G. The studies

containing level 2 evidence were the focus of the thTSH effectiveness assessment as they
represented the best available evidence. The original study reports for these two studies
were made available by the applicant, allowing calculation of outcomes not reported in
the publications.

Table 7 Comparative trial characteristics
Level of | Quality Study/ Patient Reference Reference rhTSH THT withdr awal
evidence | scoré publication number standarq standard_
(N) ript?lgztziciz gssess!:ntzrﬁ Data Data Data Data Data Data
P on on on on on on
Tg Tg WBS Tg Tg WBS
and alone alone and alone alone
WBS WBS
Haugen Am 1: Concordance  THT v v v v v v
/4P 9 (1999) 123 with THT withdrawal
withdrawal WBS and
WBS andlor  seum Tg
serum Tg
Ladenson 152 Concordance THT
(1997) with THT withdrawal c v c v
2 ’ withdrawal  WBS X xo
WBS
Mazzaferi 107 Varable Not used v v v vd vd X
4 2 and Kloos
(2002)
Pacini 72 THT THT X v X v v v
9 (2001) withdrawal withdrawal
WBS and WBS and
seum Tg serum Tg
Robbins 289 Composite of ~ Not used v v v v v v
0 (2001) all clinical
information

Abbreviations: hTSH, recombnant human tyroid-stimulating hormone; THT, tyroid hormone therapy; Tg, serum thyroglobuiin test; WBS,
radioiodine whole body scan;V, variable.
a(0 = poor, 16 = excellent). The Quality score is based on the scale described in Appendix F.

YWBS classified as level 2 evidence. Serum Tg classified as level 4 evidence.

cSerum Tg was not a prospecively identified end paint and was notuniformly measured.

dTests performed vaiied between patients; these included: physical examination, chest X-ray, diagnosic WBS, post-therapy WBS, neck

ultrasound, fine needle cytology, surgical pathology, and whole body postron emission tomography.
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The study by Haugen (1999) provides the primary evidence for the assessment of the
sensitivity, specificity, and accuracy of rhTSH-stimulated serum Tg testing and WBS
compared to THT withdrawal and serum Tg testing and WBS. This study contained level
2 evidence (blinded assessment of the WBS), and level 4 evidence (unblinded serum Tg
test). However, as the serum Tg test is an objective laboratory measure, it is somew hat
less likely to introduce bias into the study results. The manufacturer’'s recommended
dosage and schedule of thTSH (0.9 mg once per day for two days) was used only in arm
1 of the study. Therefore, only the results of arm 1 were considered in this assessment.

The study by Ladenson (1997) was prospectively designed to assess the diagnostic
accuracy of thTSH-stimulated WBS. The study was not prospectively designed to assess
the diagnostic utility of thTSH-stimulated serum Tg testing. Specifically, serum Tg
measurements were performed in a number of laboratories, with potential assay
variability. Furthermore, the majority of patients had their post-rhTSH serum Tg levels
measured at a suboptimal time point (24 hours after thTSH administration). Therefore,
the serum Tg data reported in this study were exduded from the effectiveness
assessment. As the primary assessment required the concurrent use of WBS and serum
Tg results, this study was not suitable for the primary efficacy assessment of thTSH.

The Mazzaferri and Kloos (2002) study was of a retrospective-cohort design. All patients
were clinically free of disease after thyroid ablation and had undetectable orlow on-T,
serum Tg levels. The study was designed to determine the diagnostic accuracy of thTSH-
stimulated serum Tg alone. The study employed a range of clinical assessments as a
reference standard. The clinical assessments were not administered uniformly in all
patients. In general, the clinical assessments were more thorough as the rhTSH-
stimulated serum Tg level increased. The variation in the reference standard is likely to
introduce partial verification bias and differential reference bias into the study results
(Lijmer etal 1999). Therefore, the results of this study were excluded from futther
consideration in the effectiveness analysis of thTSH. For completeness, the results of this
trial are reported in Appendix G.

The study by Pacini (2001) was prospectively designed and conducted in 72 consecutive
patients with undetectable on-T, serum Tg levels. The study was designed to determine
the diagnostic accuracy of thTSH-stimulated serum Tg alone. The results of this study
are examined in the assessment of the effectiveness of thTSH-stimulated serum Tg
testing alone.

The study by Robbins (2001) was of a retrospective, open-label, parallel cohort design.
Patients were assigned to the study arms by need (patients who could not produce
sufficient endogenous TSH, or those unable to tolerate hypothyroidism) or by patient
choice in a non-randomised manner. The use of a non-randomised, parallel cohort
design in this setting is likely to introduce significant bias into the study results (Lijmer 6t
al 1999). Therefore, the results of this study were exduded from the analysis of thTSH
effectiveness. For completeness, the results of this trial are reported in Appendix G.
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Diagnostic accuracy

The effectiveness measure used for this assessment was the diagnostic accuracy of
rhTSH-stimulated serum Tg testing and WBS compared with THT withdrawal serum Tg
testing and WBS. The accepted methodology for investigating the accuracy of new
diagnostic tests is to compare the diagnosis made with the new test with the true disease
status. However, it is often not feasible to determine the disease status of a patient
unequivocally. Therefore, in many disease states a proxy measure, such as another
diagnostic test or clinical judgement, must be used. The best available measure of disease
is called the reference standard. Both the thTSH result and the comparator result must
be independently compared to the reference standard to assess accuracy, before the
difference in accuracy between thTSH and the comparator can be determined.

Currently, the best available indicator of the presence of thyroid remnants or thyroid
cancer in patients who had near-total thyroidectomy is an elevated serum Tg, 0r a positive
WBS after THT withdrawal. While this is the most appropriate reference standard
available, it is recognised that it is imperfect (Robbins et al 2001). For the purpose of this
evaluation, a positive classification was assigned to all patients with a THT withdrawal
serum Tg = 2 ng/mL or a WBS classification = 1 (ie, induding thyroid bed uptake;
Appendix H). Definitions of positive dassifications for thTSH, the comparator, and the
reference standard are outlined in Table 8. It is important to note that in several
situations the comparator is the same as the reference standard.

Table 8 Definitions of positive chssifications for rhTSH, comparator, and reference standard
Definition of a positive classification Reference standard
rhTSH
1. TSH-stimulated serum Tg = 2 ng/mL or WBS = 12 THT withdrawal serum Tg =2 ng/mL or WBS = 12
2. hTSH-stimulated serum Tg =5 ng/mL or WBS = 12 As above
3. thTSH-stimulated serum Tg = 2 ng/mL As above
4. hTSH-stimulated serum Tg = 5 ng/mL As above
5. thTSH-stimulated serum Tg = 2 ng/mL or WBS = 12 As above
Comparator
1. THT withdrawal serum Tg = 2 ng/mL or WBS = 12 As above
2. THT withdrawal serum Tg = 5 ng/mL or WBS = 12 As above
3. THT withdrawal serum Tg = 2 ng/mL As above
4. THT withdrawal serum Tg = 5 ng/mL As above
5. On-THT serum Tg = 2 ng/mL As above

reviations: n , recombinant human fhyroid-stimulating hormone; THT, iyroid hormone therapy; 19, serum fnyroglobuln test,
radioiodine whole body scan.

aWBS classifications defined in Appendix H.
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For each of the thTSH and comparator measures listed in Table 8, the following
markers of diagnostic effectiveness were calculated.

* Sensitivity — the ahility to detect thyroid remnants or thyroid cancer among patients
in whom they are present.

* Specificity — the ability to detect no thyroid remnants or thyroid cancer among
patients in whom they are absent.

* Accuracy — the proportion of all tests giving the correct result, as proportion of all
results (calculated as a diagnostic odds ratio (DOR) from the sensitivity and specificity).

* DPositive predictive values (PPV) —the ability to detect positive patients only among
positive scans (ie, avoid false-positives).

* Negative predictive values (NPV) —the ability to detect negative patients only among
negative scans (ie, avoid false-negatives).

Primary assessment: patients presenting for diagnostic testing subsequent to a
negative test

The primary assessment refers to thTSH use in patients presenting for diagnostic testing
subsequent to a negative WBS following THT withdrawal. Data specific to this
subpopulation were not available. However, it was possible to extract individual patient
data for just those patients whose thyroid tissue had been successtully ablated sometime
in the past from the Haugen (1999) study. Nevertheless, this group is likely to be more
closely representative of patients included in the assessment than a population that
includes patients who have not yet had proof of successful ablation.

WBS and serum Tg

Only one study adequately reported both serum Tg and WBS results after rhTSH
administration and THT withdrawal (Haugen et al 1999). This study provides the clinical
evidence for the primary evaluation of thTSH diagnostic effectiveness (Table 9).

Table 9 rhTSH-stimulated/THT withdrawal WBS and serum Tg effectiveness in successfully
ablated patients
Trial Serum Tg assay positive Testing Sensitivity ~ Specificity Accuracy PPV NPV
definition mode
Haugen =2 ng/mL hTSH 87%* 95% 89% 98%  74%
(1999F >2 ng/mL® THT 100% 100% 100%  100% 100%
withdrawal
=5 ng/mL hTSH 81%* 95% 85% 9% 67%
=5 ng/mL THT 91% 100% 94% 100% 81%
withdrawal

Abbreviations: Tg, thyroglobulin; thTSH, recombnant human tyroid-stimulating hormone; THT, thyroid hormone therapy; PPV, posttive
predictive value; NPV, negafve predictive value.

*Denotesa significant difference between hTSH and THT-withdrawal (p < 0.05) (method 10 of Newcombe (1998)).

aPatients who tested postive for Tg antibodies were ex cluded from the evaluation of hTSH accuracy.

bThis measure is identical to the eference standard, so 100 per cent accuracy is implicit.
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Using the 2 ng/mL serum Tg critetion, there were 67 concordant and 8 discordant tests
in the primary analysis; this was comprised of 47 true-positive, 20 true-negative, 1 false-
positive, and 7 false-negative results. It should be noted that the differences in specificity
between thTSH and THT withdrawal were not statistically significant. Table 9 shows
that rhTSH has relatively high sensitivity, specificity and accuracy in comparison with the
reference standard. Altering the serum Tg positive cut-off level has a modest effect on
the accuracy of diagnosis using thTSH. Interpreting the diagnostic effectiveness of
rhTSH relative to the comparator is difficult when the comparator serves as the
reference standard and is recognised as somewhat imperfect.

Sensitivity and specificity are the two most widely used measures of test performance.
When an imperfect gold standard is used to determine disease status, a bias is introduced
into both of these measures. Therefore, to correct for this bias, the sensitivity and
specificity measurements derived in the primary evaluation (serum Tg cut-off level =2
ng/mL) were adjusted using the method described by Valenstein et al, (1990). The level
of imperfection associated with THT withdrawal stimulated serum Tg and WBS was
estimated using data from the THT withdrawal arm of the Robbins (2001) study. While
this study was not useful in providing comparative efficacy datait did compare THT
withdrawal WBS and serum Tg with a clinical assignment of disease based on all available
clinical information. This provided the best estimation available of the actual accuracy of
the THT withdrawal WBS and serum Tg proxy measurements. Data from the Robbins
(2001) study were recalculated according to the following criteria for a positive test; a
WBS = 1 and/or a serum Tg >2.0 ng/mL, giving an estimated sensitivity and specifidty
for THT withdrawal of 98 per cent and 81 per cent, respectively. On this basis, the
adjusted sensitivity and specificity for thTSH were 86 per cent and 65 per cent,
respectively.

Serum Tg alone

Only one study adequately reported the serum Tg results after thTSH administration and

THT withdrawal for this patient subgroup (Haugen et al 1999). This study provides the
clinical evidence for the primary evaluation of thTSH diagnostic effectiveness (Table
10).

Table 10 rhTSH-stimulated/THT withdrawal serum Tg effectiveness in successfully ablated

patients
Trial Serum Tg assay ~ Testing mode  Sensitivity Specificity Accuracy PPV NPV
positive definition
Haugen =2 ng/mL hTSH 69% 100% 7% 100%  55%
(1999F > 2 ng/mL THT withdrawal ~ 78% 100% 84%  100% 64%
= 5ng/mL hTSH 60% 100% 2% 100% 51%
=5 ng/mL THT withdrawal 65% 100% 75% 100%  53%

Abbreviations: Tg, thyrogobulin; thTSH, recombinant human tyroid-stimulating hormone; THT, tyroid hormone therapy; PPV, positive
predictive value; NPV, negafve predictive value.
aPatients who tested postive for Tg antbodies were excluded from the evaluation of rhTSH accuracy.

The use of serum Tg measurement alone significantly decreases the diagnostic accuracy

of thTSH and THT withdrawal against a reference standard that incorporates the results
of both serum Tg and WBS. Furthermore, the negative predictive value (NPV) of serum
Tg alone is markedly lower than when serum Tg and WBS are used in combination. This
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may impact on the clinician’s ability to confidently exdude the presence of disease in
patients. Again, it must be noted that interpreting the diagnostic effectiveness of thTSH
relative to the comparator is difficult when the comparator is imperfect.

These results clearly indicate the importance of using WBS and serum Tg testing
concurrently for the purposes of patient follow-up. Using serum Tg testing alone
significantly diminishes the accuracy of the diagnosis.

Secondary assessment: all patients presenting for diagnostic testing

As there is potential for thTSH use in a broader population than that suggested by the
applicant, a secondary assessment was undertaken for completeness. In addition to the
subgroup of patients in the primary evaluation, this evaluation includes those patients
who have had surgical or ablative treatment but are yet to have diagnostic follow-up.

WBS and serum Tg

One study reported patients analysed with both serum Tg tests and WBS after THT
withdrawal and thTSH administration and included patients having their first post-test
follow-up (Haugen et @ 1999). This study provides the evidence for the secondary
evaluation of the accuracy of thTSH-stimulated serum Tg testing and WBS (Table 11).

Table 11 rhTSH-stimulated/THT withdrawal WBS and serum Tg effectiveness in all patients

Trial Serum Tg Testing mode  Sensitivity ~ Specificity Accuracy PPV NPV
assay positive definition
Haugen (1999 =2 ng/mL hTSH 86% ** 95% 89% 98%  70%
=2 ng/mLP THT withdrawal 100% 100% 100% 100%  100%
=5 ng/mL hTSH 82%* 95% 85% 98%  64%
=5 ng/mL THT withdrawal 91% 100% 93% 100%  79%

Abbreviations: Tg, thyroglobulin; thTSH, recombnant human thyroid-stimulating hormone; THT, tyroid hormone therapy; PPV, positive
predictive value; NPV, negafve predictive value; WBS, whole body scanning.

*Denotesa significant difference between hTSH and THT withdrawal (p <0.05) (method 10 of Newcombe (1993)).

**Denotes a significant difference between tTSH and THT withdrawal (p < 0.01) (method 10 of Newmmbe (1998)).

#Patients who tested postive for Tg antbodies were excluded from the evaluation of rhTSH accuracy.

bThis measure is identical to the eference standard, so 100% accuracy is implict.

This analysis of thTSH demonstrates relatively high sensitivity, specificity, and accuracy
in comparison to the reference standard. Altering the serum Tg positive cut-off level has
a modest effect on the accuracy of thTSH. The diagnostic accuracy of thTSH in this
broader patient group is very similar to that found in the primary analysis and implies the
diagnostic results are broadly generalisable between the different patient groups. Again,
interpreting the diagnostic effectiveness of thTSH relative to the comparator is difficult
when the comparator serves as the reference standard and is imperfect.

Serum Tg alone

Evidence relating to the effectiveness of rhTSH use for serum Tg testing alone in this
broader patient group was available from two studies (Haugen et al 1999, Padini ¢t a
2001).

All patients in the Pacini (2001) study were previously treated with near-total
thyroidectomy and 1" ablation and were scheduled for routine diagnostic follow -up.
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Data from the entire patient group in the Pacini (2001) study were utilised to detive
rhTSH effectiveness data.

Table 12 rhTSH-stimulated/THT withdrawal serum Tg effectiveness in all patients

Trial Serum Tg assay  Testing mode  Sensitivity  Specificity Accuracy PPV NPV
positive definition
Haugen (1999 =2 ng/mL thTSH M1%* 100% 78% 100%  54%
22 ng/mL THT withdrawal 81% 100% 85% 100% 63%
=5 ng/mL thTSH 65% * 100% 74% 100%  50%
= 5ng/mL THT withdrawal 70% 100% 78% 100%  52%
Pacini (2001) > 1 ng/mL thTSH 74% 100% 85% 100% 73%
> 1 ng/mL THT withdrawal 86% 100% 92% 100% 83%

Abbreviations: Tg, thyrogobulin; thTSH, recombinant human thyroid-stimulating hormone; THT, tyroid hormone therapy; PPV, posive
predictive value; NPV, negafve predictive value.

*Denotesa significant difference between hTSH and THT withdrawal (p <0.05) (method 10 of Newcombe (1998)).

Patients who tested postive for Tg antbodies were excluded.

®Data not awailable to calculate statistical significance.

The use of serum Tg measurement alone significantly decreases the diagnostic accuracy
of thTSH and THT withdrawal against a reference standard that incorporates the results
of both serum Tg and WBS. Furthermore, the negative predictive value (NPV) of serum
Tg alone is markedly lower than when serum Tg and WBS are used in combination. This
may impact on the clinician’s ability to confidently exdude the presence of disease in
patients. Again, it must be noted that interpreting the diagnostic effectiveness of thTSH
relative to the comparator is difficult when the comparator is imperfect.

These results clearly indicate the importance of using a WBS and serum Tg testing
concurrently for the purposes of patient follow-up. Using serum Tg testing alone
significantly diminishes the accuracy of the diagnosis.

Secondary assessment: patients for whom THT withdrawal is medically
contraindicated

There are no comparative thTSH effectiveness data available specific to this subgroup of
patients. Therefore, the effectiveness of rhTSH in this patient group is uncertain. As an
estimate, the accuracy of serum Tg measurements taken while patients were on THT was
compared to the accuracy of the rhTSH-stimulated WBS and serum Tg measurements
for all patients in the Haugen (1999) study (Table 13).

Table 13 rhTSH-stimulated WBS and serum Tg effectiveness versus on-THT Tg effectiveness in all

patients
Trial Serum Tg assay  Testing mode Sensitivity ~ Specificity Accuracy PPV NPV
positive definition
Haugen (1999 22 ng/mL hTSH 86% ** 95% 89% 98% 70%
=2 ng/mL on-THT 43% 96% 57% 97% 37%

Abbreviations: Tg, thyroglobulin; hTSH, recombnant human tyroid-stimulating hormone; THT, tyroid hormone therapy; PPV, positive
predictive value; NPV, negafve predictive value; WBS, whole body scanning.
**Denotes a significant difference between rTSH-stimulated WBS and serum Tg versus on-THT (p <0.01) (method 10 of Newcombe (1998)).
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The analysis of serum T'g measurements taken while patients are receiving THT
demonstrates a significantly lower sensitivity (p < 0.001) compared with thTSH-
stimulated WBS and serum Tg testing. It should be noted that these values were not
derived from a subpopulation of patients in whom THT withdrawal was medically
contraindicated, but from all patients enrolled in the Haugen (1999) study. Therefore, the
level to which these results can be generalised is uncertain. Nevertheless, the diagnostic
accuracy of thTSH-stimulated WBS and serum Tg is likely to be considerably better than
the on-THT serum Tg test alone.

Summary of diagnostic accuracy

The use of rhTSH instead of TH'T withdrawal would result in a reduction in diagnostic
accuracy. In particular, it appears that the sensitivity of this diagnostic procedure is
somew hat lower than THT withdrawal. In practice, thiswould result in 13 per cent’ of
patients with disease being misclassified as disease-negative. However, in a slow-
progressing disease such as thyroid cancer, this may not be considered critical. These
patients are likely to be detected at their next follow-up, assuming they continue to
comply with their scheduled diagnostic assessments. The disadvantage of poorer
accuracy needs to be weighed up against the improvement in quality of life (and hence
compliance) that results from avoidance of hypothyroidism caused by THT withdrawal.
This is considered in the next section.

The use of serum Tg testing alone significantly decreases the diagnostic accuracy of both
rhTSH and THT withdrawal.

The ability to simulate iodine uptake using rhTSH means that patients for whom THT
withdrawal is contraindicated can now undergo a thTSH-stimulated WBS and Tg testing,
rather than being limited to on-THT serum Tg testing. This represents a considerable
improvement in diagnostic accuracy for this group of patients.

7 Sensitivity of THT withdraw al — sensitivity of thTSH (Table 9)
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Quality of life data

Table 14 summarises the quality of life (QOL) data collected in the comparative trials of
rhTSH. In addition, the results of the SF-36 survey were mapped to utility values using
the SF-6D index method of Brazier et d (1998).

Table 14 Summary of quality of life data collected for rhTSH

Study publication SF-36 Billewicz POMS SF-6D

Haugen (1999) v v X Derived

Ladenson (1997) X v v X
\bbreviation: POMS, short form Profie of Mood Scale.

It is important to remember that the treatment phases were not blinded to either patient
or the investigators conducting the questionnaire. This introduces the potential for bias,
particulady with subjective QOL instruments.

SF-36

The SF-36 is a multipurpose self-administered survey of general health status validated
for international use. The SF-36 questionnaire is a generic QOL instrument that
measures the following eight health concepts: physical functioning; role-physical; bodily
pain; general health; vitality; social functioning; role-emotional; and mental health. The
SF-36 survey also provides a summary of physical and mental health measures, aswell as
a self-evaluation of the change in overall health during the past year.

Patients were assessed for QOL at the following three time points (Haugen et al 1999):
* while on THT prior to receiving thTSH (but due for follow-up monitoring)
» after thTSH, before the thTSH phase scan, while on THT
* during THT withdrawal, on the day of 'T administration with TSH > 25 mU /L
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Table 15 summarises the QOL changes measured by SF-36 in the Haugen (1999) study.

Table 15 SF-36 - quality of life

SF-36 QOL concept Baseline rhTSH phase THT withdrawal THT withdrawal
(change from phase (changetom  phase (change fom
baseline) baseline) rhTSH phase)
Physicd functioning 84.5 1.8 —24.2** -26.1**
Role-physical 85.7 -3.2 —48.9* —45.7*
Bodily pain 82.2 0.1 —-14.1** -14.0**
General health 58.5 -2.0* -3.2* =11
Vitality 55.6 3.1 26 -0.6
Social functioning 47.3 -1.1 0.3 1.4
Role-emotional 88.6 -4.0* —-43.8"* -39.7**
Mental health 63.2 1.0 0.3 -0.7

Abbreviations: THT, thyroid hormone therapy; QOL, qualtty of life.
* = significant dfference (p < 0.05)in favourof the thTSH phase (Wilcoxon signed rank est).
** = dgnificant difference (p <0.01) in favour ofthe hTSH phase (Wicoxon signed rank test).

Three QOL domains (physical functioning; general health; role-emotional) showed a
small but significant change in score from baseline when patients were treated with
rhTSH. Five domains (physical functioning; role-physical; bodily pain; general health; and
role-emotional) showed significant reductions in the THT withdrawal phase scores when
compared to baseline scores. When a comparison was made between the thTSH phase
and the THT withdrawal phase, it was found that four of the eight QOL domains were
significantly reduced in patients undergoing THT withdrawal The magnitude of these
changes was considerable.

Billewicz scale

The Billewicz scale is used to measure the presence or absence of hypothyroid signs or
symptoms. It is an observer-rated scale developed to serve as a diagnostic index for
identifying clinical hypothyroidism specifically. Patients were assessed for symptoms of
hypothyroidism at the following three time points (Haugen etal 1999):

* while on THT prior to receiving thTSH (but due for follow-up monitoring)

» after rhTSH, before the rhTSH phase scan, while on THT

* during THT withdrawal, before the hypothyroid phase scans.
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Table 16 summarises the presence of hypothyroid signs or symptoms measured by the

Billewicz scale in the Haugen (1999) and Ladenson (1997) studies.

Table 16 Billewicz scale — presence of hypothyroid signs and symptoms

Billewicz sign or
symptom

Haugen (1999)

Ladenson (1997)

Baseline rhTSH THT Baseline rhTSH THT
n/N (%) phase withdrawal n/N (%) phase withdrawal
n/N (%) phase n/N (%) phase
n/N (%) n/N (%)
Diminished sweaing 21115 3115 26/115* 31144 6/144 42/144*
(1.7%) (2.6%) (22.6%) (2.1%) 4.2%) (29.2%)
Dry skin 271115 19/115 61/115* 23/144 19/144 74/144*
(23.5%) (16.5%) (53.0%) (16.0%) (13.2%) (51.4%)
Cold intolerance 14/115 15/115 81/115* 15/144 13/144 88/144*
(12.1%) (13.0%) (70.4%) (10.4%) (9.0%) 61.1%)
Weight increase 9/115 7115 58/115* 21144 13/144 89/144*
(7.8%) 6.1%) (50.4% ) (14.6%) (9.0%) 61.8%)
Constipation 9/115 8/115 44/115* 9/144 14/144 50/144*
(7.8%) (7.0%) (38.3%) (6.25% ) (9.7%) (34.7%)
Hoarseness 14/115 14/115 52/115* 171144 11/144 79/144*
(12.1) (12.2%) @45.2%) (11.8%) (7.6%) (54.9%)
Paraesthesia 10/115 12/115 38/115* 13/144 8/144 48/144*
8.7%) (10.4%) (33.0%) 9.0%) (5.6%) (33.3%)
Deafness 9/115 8/115 12/115 6/144 3/144 18/144*
(7.8%) (7.0%) (10.4%) 4.2%) 2.1%) (12.5%)
Slow movements 2/115 2/115 59/115* 4144 8/144 98/144*
(1.7%) (1.7%) (51.3%) (2.8%) (5.6%) (68.1%)
Coarse skin 4/115 3/115 30/115* 3/144 3144 39/144*
(3.5%) (2.6%) (26.1%) (2.1%) 2.1%) (27.1%)
Cold skin 11115 4/115 60/115* 4/144 5/144 62/144*
0.9%) (3.5%) (52.2%) (2.8%) (3.4%) 43.1%)
Periorbital puffiness 2/115 11115 87/115* 71144 9/144 84/144*
(1.7%) (2.6%) (75.7%) 4.9%) (6.3%) (58.3%)
Slowing of anklejerk 0/92 1/92 48/92* 0/143 4/143 83/143*
(0.0%) (1.1%) (52.2%) 0.0%) (2.8%) (58.0)
Decrease in pulse 7115 6/115 52/115* 10/144 9/144 69/144*
rate 6.1%) (5.3%) (45.6% ) 6.9%) (6.3%) 47.9%)

Abbreviation: THT, thyroid hormone terapy.

* = significant difference between rhTSH phase and THT withdrawa phase(p < 005)in favour of the rhTSH phase (method 10 of Newcombe

(1998) for calculating confidence intervals of the change for paired dichotomous outcomes).

The results show that patients have alower incidence of hypothyroid signs and

symptoms in the thTSH phase of the studies than in the THT withdrawal phase. These
differences were statistically significant for all 14 signs and symptoms of hypothyroidism
in the Ladenson (1997) study and for all except deafness in the Haugen (1999) study.
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Short form Profile of Mood Scale (POMS)

POMS is a self-administered scale which assesses the following six mood states: tension-
anxiety; depression-dejection; anger-hostility; confusion-bewilderment; vigour-activity;
and fatigue-inertia. Patients were assessed using POMS at the following three time points
(Ladenson et al. 1997):

* while on THT prior to receiving thTSH (but due for follow-up monitoring)
» after rhTSH, before the rhTSH phase scan, while on THT
e during THT withdrawal, before the hypothyroid phase scans.

Table 17 summarises the results of the POMS assessment reported in the Ladenson
(1997) study.

Table 17 Short form Profile of Mood Scale

Mood states Baseline rhTSH Hypothyroidism
mean (SD) mean (SD) mean (SD)
Fatigue 452 (4.27) 5.86 (8.15) 14.28 (10.41)*
Vigour 11.93 (5.41) 11.63 (9.01) 9.88 (13.41)~
Depression 2.28 (4.15) 4,00 (11.97) 11.26 (18.28)*
Anger 222 (3.27) 3.54 (10.32) 10.05 (16.02)*
Tension 4.51(3.88) 5.11(9.01) 10.77 (13.37 )
Confusion 223 (2.43) 3.37(7.92) 8.75 (11.23)*

Abbreviation: SD, standad devation.
** = ggnificant difference (p <0.01) in favour ofthe hTSH phase.

When a comparison was made between the thTSH phase and the THT withdrawal
phase, it was found that all six mood state domains were significantly worse in patients
undergoing THT withdrawal (p <0.01). The magnitude of these changes was
considerable.

Utility data

Utility values were detived from QOL data using the method described by Brazier et al
(1998). In summary, a preference-based single index (SF-6D) was derived from the SF-
36 health survey conducted in the Haugen (1999) study. Utilities were detived on the
basis of individual patient data. Only the patients, who were evaluable, with no Tg
antibodies and no missing data, were considered in these analyses. Paired t-tests were
performed and the results were bootstrapped® to assess the significance of the

differences in mean utilities between the three periods. The results of this analysis are
shown in Table 18.

8Repeated sampling with replacement from an observed data sample which is used to estimate the
distribution around the mean utility values.
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Table 18 Utility values

Phase Mean Standard Minimum Median Maximum
deviation

Primary assessment (successfully ablated patients)

Pre-treatment 0.801 0.114 0.473 0.840 1.000
thTSH? 0.795 0.119 0.389 0.825 1.000
THT 0.652 0.144 0.353 0.650 0.940
withdrawal®

Secondary assessment (all patients)

Pre-treatment 0.802 0.110 0.473 0.842 1.000
thTSH? 0.797 0.114 0.389 0.834 1.000
THT 0.666 0.140 0.353 0.653 0.940
withdrawal®®

Abbreviation: THT, thyroid hormone terapy.

aDifferences between mean ufiity values during pre-treatment and rhTSH were notsignificant .

tDifferences between mean ulfiity values during pre-treatment and THT withdawal were significant (p <0.001) and favoured pre-teatment
phase.

Differences between mean utiity values during rhTSH and THT withdrawal were sgnificant (p <0.001) and favoured rhTSH.

The results show that there was no statistically significant difference between the mean
utility values in the pre-treatment and thTSH phases of the study. Utility values were
significantly lower in the THT withdrawal phase than in the pre-treatment or thTSH
phase of the study (p < 0.001). The hypothyroidism experienced during THT withdrawal
has considerable impact upon the health utility of an individual (0.66 on a scale where
1.0 = perfect health and 0 = death).

Summary of quality of life data

In summary, QOL evidence comes from open-labelled trials where the order of the
diagnostic interventions was neither balanced nor randomised. Nevertheless, the results
of the SF-36 survey indicated a poorer general QOL during THT withdrawal than during
rhTSH administration. Scores for four domains (physical functioning; role-physical;
bodily pain; and role-emotional) showed significant and large differences between the
THT withdrawal phase and the rthTSH phase. The results of the hypothyroid-specific
Billewicz scale show that patients have a lower incidence of hypothyroid signs and
symptoms in the thTSH phase of the studies than in the THT withdrawal phase.

The QOL data from the SF-36 sutvey were used to derive health utility values. The
resultant utility for the temporary health state of hypothyroidism is 0.650, compared with
0.825 for patients receiving thTSH. These utility values summarise the QOL advantage
of thTSH relative to THT withdrawal, although it is important to remember that this
benefit is transient (up to 12 weeks) and infrequent’.

 Expett opinion has estimated that, on average, Australian routine monitoting occurs at six months, one
year, three years and five years after initial treatment. If patients subsequently test positive and require
further treatment, they then recommence monitoring at the beginning of this schedule.
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What are the economic considerations?

It is a requirement of the MSAC terms of reference that the economic implications of
the new health technology are considered. This is particulady important when a new
technology offers health benefits at an additional cost, as is so often the case. An
economic evaluation helps to determine whether the additional cost represents value for
money. To assess the value for money of a new health intervention, it is necessary to
express the incremental cost associated with the new treatment relative to the
incremental health benefit gained. When this information is available, an incremental
cost-effectiveness ratio (ICER) can be calculated:

— Cost

new technology comparator

Cost

ICER = ;
— Effectiveness

new technology comparator

Effectiveness

In cases where a new technology offers inferior or equal health benefits at a higher cost,
it clearly does not provide value for money.

When determining the incremental cost of the new technology, several factors should be
considered: the costs of the treatment itself; the costs of any downstream management
including secondary to misdiagnosis or non-compliance; treatment costs for any adverse
reactions; and also any cost savings achieved. With respect to incremental effectiveness,
there are several possible ways of expressing the effectiveness of the treatment. The
effectiveness may be expressed as a measured intermediate health outcome (eg, mmHg
reduction in blood pressure) or as an end-stage outcome (eg, life-year gained).
Alternatively, the effectiveness may be expressed as quality-adjusted life-years gained, a
measure that incorporates both the quality and the quantity of life-years gained (a cost
utility analysis).

Approach of the economic evaluation

The cost-effectiveness of thTSH as an alternative to the standard THT withdrawal
method in the detection of thyroid cancer was assessed using a decision-analytic model.
The model followed patients to determine the costs and health outcomes according to
which procedure they underwent prior to the diagnostic scan. Due to the nature of the
diagnostic procedure, a Markov model was invoked — allowing a series of events to
unfold over time. In this instance, events were modelled over a 5-year period. For the
primary assessment, this period begins after the patient has undergone initial thyroid
cancer treatment and has subsequently tested negative after going through the standard
THT withdrawal diagnostic testing procedure.

The model incorporates four important aspects of using thTSH relative to standard THT
withdrawal in this group of patients:

* the differences in intensity and cost of resource use between the two procedures
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* the poorer diagnostic sensitivity of thTSH and the effect this has on the diagnosis
and treatment of patients with thyroid cancer

* the improvement in quality of life associated with the use of thTSH compared with
THT withdrawal

* the effect of thTSH in improving compliance and reducing the number of patients
who discontinue regular monitoring for cancer recurrence

The sensitivity of the thTSH scan will affect the way patients are classified following a
scan. The reduced sensitivity of diagnostic testing using rhTSH will inevitably result in
more patients being misclassified. Consequently, patients requiring treatment may be
incorrectly classified as cancer-free (false-negatives). Such misdiagnosis has the potential
to influence health outcomes as well as costs. It should be noted, however, that due to
the slow-progressing nature of thyroid cancer, the dangers and the effects on health
states associated with a failure to treat are not as great as they may be with other diseases.

It should also be noted that although the difference in sensitivity between rhTSH and
THT withdrawal was statistically significant, the difference in specificity was not.
Therefore, the impact of the comparative accuracy of the two testing modalities on cost-
effectiveness was investigated through sensitivity analyses (ie, assuming equal sensitivity
and specificity for thTSH and THT withdrawal) (Table 24).

The effectiveness of the current standard THT withdrawal method is limited by poor
patient compliance rates, due to the hypothyroidism associated with withdrawing from
hormone therapy. One potential benefit of the introduction of rhTSH is improved
effectiveness of thyroid cancer monitoring through increased compliance rates. However,
this is associated with increased total health care costs, primarily due to the high cost of
rthTSH compared with the current THT withdrawal method.

As indicated above, Matkov modelling allows the model to unfold over time, capturing

events as they occur. A cycle length of 1.5 months has been selected. This is equal to the
length of the THT withdrawal period and is the shortest period of interest within the
diagnostic procedure. Each single progression through to a terminal node (those
indicated with a triangle) therefore represents the passing of 1.5 months. It must be
noted, however, that there are a number of tunnel states (eg, “Treatment + 6-month scan:
talse-positive’). Such points in the model loop into themselves until the desired length of
time has passed — in this case a period of 7.5 months (allowing for a 1.5-month period of
withdrawal and scan following a 6-month wait after treatment). The model continues to
unfold until 40 cycles (5 years) have taken place, at which time it terminates.

The two arms of the model, the THT withdrawal arm and the thTSH arm, appear in
Figures2 and 3, respectively.
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Figure 2  THT withdrawal arm of the modelled economic evaluation
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Figure 3 rhTSH arm of the modelled economic evaluation

Cost inputs

The component costs applied to the modelled economic evaluation are presented in
Table 19. The main cost incutred is the cost of thTSH (in the thTSH arm only; assumed

to be Thyrogenll ) at $1953 per patient per diagnostic follow-up. The additional cost
associated with these patients remaining on THT (assumed to be T,), rather than

withdrawing, is negligible as the cost of THT is small. Furthermore, 50 per cent of the
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THT withdrawal patients receive 4 weeks of T, as a substitute. The cost of each WBS
scan and Tg test is identical in each arm. The cost of radioiodine ablation treatment (ie,
as a result of either a true-positive or false-positive test) is considerable.

Table 19 Component costs used in the model

rhTSHarm THT withdrawal arm

TSH (ThyrogenO ) per diagnostic follow-up $1953 -

Radioiodine ablation (per course) $395.40 $395.40
Tg antibody test $34.10 $34.10
T3 (per week) - $18.332
T4 (per week) $0.32° $0.32¢
Serum Tg test $24.00 $24.00
Hospital stay/day $410.17 $410.17
Whole body scan $490.85 $490.85

Abbreviations: THT, tyroid hormone therapy; Tg, hyroglobuiin; Ts, liothyronine sodium; T,, thyroxine sodium.
aThose pafents receiving T, for 4-weeks would incur $73.33.

bThose pafents receiving T,for 6 weeks would incur a costof$1.92.

cThose patients receving T4 for 2weeks would incur a cost of $0.64.

Health outcome inputs

This modelled economic evaluation uses a cost-utility approach. Outcomes are expressed
as quality-adjusted life-years (QALY's). Health utilities are values that represent the
strength of a person’s preference for a specific health state (based on the relative
desirability of different health states). Health states are valued on a scale from 1.0
(perfect health) to 0 (death). The advantage of a modelled cost-utility approach in this
assessment is that it allows for simultaneous accounting of: the poor health state during
the temporary period of hypothyroidism, the somewhat poorer diagnostic performance
of thTSH-stimulated testing and the lower compliance inherent with THT withdrawal

The health utilities that differ between diagnostic arms were derived from the SF-36 data
reported in the primary evidence (Haugen et al 1999). Individual patient data were
converted to the utility index SF-6D according to the method of Brazier et al (1998) (for
detail see Table 18). Utility values were not available for other health states and were
estimated in conjunction with clinical opinion, using the known utilities as anchor points.
All unknown utilities were common to both arms. All utility values used in the model are
presented in Table 20. Utilities applied to the first diagnostic follow-upin the secondary
assessment were derived from all patients in the Haugen (1999) study, so differ slightly
from those used in the primary assessment, which related to patients with proof of initial
successful ablation (Table 35)
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Table 20 Utilities associated with the various health states

Health state Utility Source

A patient for whom diagnostic testing is imminent? 0.840 Derived from SF-36 survey (Haugen et al 1999)
A patient in the THT withdrawal stage? 0.650 Derived from SF-36 survey (Haugen et al 1999)
A patient who is cumently receiving thT SH? 0.825 Derived from SF-36 survey (Haugen et al 1999)
A patient who still intends to take part in regular 0.850 Assumption

monitoring, is still taking THT medication and is at
risk of recumence

A patient who has had three negative tests, is no 0.880 Assumption
longer being monitored, but still taking THT
medication and at risk of recumrence

A patient who is asymptomatic, no longer being 0.860 Assumption

tested, but still taking THT medication and at risk of

recurrence

A patients who has symptomatic disease (often 0.550 Assumption

metastatic)

A patient who is dead 0.00 Convention

An average of patients who are disease-positive but 0.650 Weighted average of patients who have

have exited the program due to non-compliance _ asymptomatic disease (50% )

- symptomatic disease (40% )
—died (10%)
over the duration of the model

An average of patients who are disease-negative but 0.856 Weighted average of patients who have

have exited the program due to non-compliance - disease-negative or asymptomatic disease
(99%)
— symptomatic disease (0.8% )
—died (0.2%)

over the duration of the model

Abbreviation: THT, thyroid hormone terapy.
aHealth ufiities for these health states were deived from the primary assessment (successfully ablated pafents) (Table 18).

Other health outcome vatiables influencing the model are presented in Table 21. There
is some uncertainty regarding both the diagnostic accuracy of thTSH relative to THT
withdrawal, and the proportion of disease-positive patients included in the cohort of
patients presenting after one negative diagnostic follow-up result (the primary
assessment). These inputs are tested in a sensitivity analyses.
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Table 21 Other health outcome inputs

rhTSH THT withdr awal
Proportion of false-negatives 13% 0%
Proportion of false-positives 5% 0%
Proportion of disease-positive patients 20% 20%
entering the model
Average radioiodine treatment courses 15 1.5
required to ablate a true-positive
patient successfully
Average radioiodine treatment courses 1 1
required to ablate a false-positive
patient successfully?

Abbreviation: THT, thyroid hormone terapy.
aAs the pafent is being treated for a disease they donothave, theywil be 'cured' afer the first treatment

Costs and utilities are discounted at a rate of 5% per annum. Other assumptions applied
to the model are presented in AppendixJ.

Results of the modelled evaluation (primary assessment)

Incremental costs

The primary assessment model requires that all patients entering the model have already
had a negative result at their previous diagnostic follow-up. Compared with the standard
THT withdrawal procedure, the use of thTSH in diagnostic follow-up for thyroid cancer
results in an average cost per patient of $6761.10 over the 5-year period of the model.
This reflects an average of 3.27 diagnostic follow-up tests and 0.758 treatment courses
(excluding the initial thyroidectomy/radioiodine ablation treatment and first diagnostic
follow-up). In contrast, the comparable average cost of THT withdrawal is $2308.90,
reflecting an average of 2.12 diagnostic follow-up tests and 0.488 treatments. This
equates to an incremental cost of $4452.20 per patient over the 5-year period of the
model.

The difference in the number of diagnostic follow-up tests between the two diagnostic
arms occurs primarily as a result of the improved compliance to thTSH, because patients
are not rendered hypothyroid. A second factor contributing to the increased number of
diagnostic follow-up tests and treatments is the lower accuracy of thTSH. In particular,
the presence of false-positive results means that some patients receive unnecessary
treatment. This has the added effect of requiting the patient to re-enter the model as a
newly treated patient, thus incurring more frequent diagnostic tests.

It is not only the increased frequency of diagnostic follow-up testing that adds to the cost
of thTSH, but also the increased frequency of ablative treatment secondary to positive
diagnostic results. This increase is driven by both increased compliance and reduced
accuracy of scanning with thTSH.

The unit cost of thTSH per $ (in this case Thyrogen™) is a major contributor to the
incremental cost of thTSH over THT withdrawal. Figure 4 shows the total costs
incurred in the 5-year model for the various components.
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Figure 4 Total costs incurred in the 5-year model for the various components

Incremental outcomes

With regard to outcomes, rthTSH is associated with better quality of life for patients
because they do not need to withdraw from thyroid hormones for diagnostic purposes
and, therefore, do not become hypothyroid as a result. The use of thTSH in diagnostic
testing for thyroid cancer results in an average of 3.809 QALY for the period of the
model. [For comparison, 5 years of perfect health would be equivalent to 5.0 QALYs.] It
is important to note that this includes 0.76 hypothyroid periods because patients using
rhTSH for diagnostic use are currently required to use THT withdrawal for therapeutic

use if they return a positive result".

In contrast, the average QALY for patients in the THT withdrawal arm is 3.722,
reflecting an average of 1.79 hypothyroid periods. The resultant incremental
improvement in utility is 0.087. This is a small incremental difference in health utility, a
consequence of improved utility occurring for an average of just six weeks per diagnostic
follow-up period. The improved utility is not a permanent state and, once this is taken
into account relative to the length of the period between diagnostic follow-ups, the
difference in average utility between the THT withdrawal patients and thTSH patients is
quite small.

19%hTSH (Thyrogen[ ) is not currently registered for therapeutic use in Australia.
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Table 22

Average per patientcosts and outcomes resulting from the modelled evaluation (5-year time

frame)

rhTSH Withdrawal Incremental
Average cost $6761.10 $2308.90 $4452.20
Average QALYs 3.809 3.722 0.087
Average number of scans 3.27 212 1.15
Average number of false-positives 0.1 0 0.1
Average number of false-negatives 0.07 0 0.07
Average number of tre atments 0.758 0.488 0.270
Incremental cost-effectiveness (cost per QALY ) $51,344.422

Abbreviation: QALY, quality-adjusted lfe-year.
ancremental cost-effeciveness = Incremental cost/Incremental effectiveness. Incremental effectiveness is measured asincremental QALYs.

Incremental cost-effectiveness

The incremental cost-effectiveness in this case is expressed as a cost utility (cost per
QALY). With significantly increased costs and a marginal improvement in average utility,
the incremental cost-effectiveness of thTSH in diagnostic scanning is $51,344.42 per
QALY. This compates unfavourably with many other healthcare interventions (Table
23) and should be considered as only moderately cost-effective relative to standard THT
withdrawal.

Table 23 Cost per QALY of other healthcare interventions

Therapy Incremental costper QALY Source

(A%)
Intensive care of infants (birth weight 500-999g) $5360 (VICSG 1997)
Childhood immunisation against Hib disease $6930 (Mcintyre et al 1994)
Cochlear implant for children $5070-11,100 (Carterand Haily 1999)
Mammograp hy screening $16,355 (Hall et al 1992)
Cochlear implant for profoundly deaf adults $11,790-38,150 (Carterand Haily 1999)
Ralox ifene versus homone replacement therapy for the $30,217 (Davey et al 2000)
prevention of hip fractures in osteoporotic women
Hospital dialysis $57,053 (George et al 1998)

Abbreviations: QALY, qualty-adjusted Ife-year, VICSG, Victorian Infant Collaboratve Study Group.

Sensitivity analysis of the modelled evaluation

A number of variables in the model were derived with a degree of uncertainty.
Consequently, different values have been ascribed to these vanables in the sensitivity
analysis in order to determine whether the initial values had a significant effect on the
overall result. The variables considered in the sensitivity analysis were as follows.

* The compliance rate associated with the standard THT withdrawal method.

* The accuracy of the thTSH and THT withdrawal (both sensitivity and specificity).
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* The temporary health utility for a patient undergoing THT withdrawal.

* The proportion of disease-positive patients enteting the model (for the primary
assessment, patients enter the model subsequent to one negative diagnostic follow-

up).
* 'The cost of thTSH (Thyrogen[]).
* The discount rate.
* The magnitude of all costs.

e Several simultaneous combinations of the above.

The specific adjustments made to the base case, and the resultant changes in the cost-
utility ratio are presented in Table 24.
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Table 24 Results of the sensitivity analyses

Variable and values

Mar ginal cost per QALY

Baseline case $51,344.42
Compliance for THT withdrawal am = 80%

THT withdrawal sens = 100% , spec = 100% ; thTSH sens = 87%, spec = 95%

Health utility of THT withdrawal = 0.65

Proportion of disease positive patients =20%

Cost of hTSH = $1953

5% dscount rate

Altered compliance of THT withdrawal

1.60% $39,322.52
2.100% $107,937.69
Altered accurecy

3. THT withdrawd sens = 98%, spec = 81% ; thTSH sens = 86%, spec =65% 2 $133,702.32
4. THT withdrawd sens = 100%, spec = 100% ; hTSH sens = 100% , spec = 100% $48,890.25
Altered health utility for THT withdrawal

5.0.506 (-1 SD) $41,162.93
6.0.794 (+1 SD) $68.217.84
Proportion of disease-positive patients

7.10% $62,523.96
8. 30% $46,148.55]
Altered costofrhTSH

9.$1000 $30,829.44
Altered discountrate

10. 0% discount rate $49,693.98
11.10% discount rate $52,946.42
Altered costs

12. Decrease all costs by 50% $25,672.21
13. Increase all costs by 50% $77,016.63
Combined sensitivity

3and7 $222,826.38
3and 8 $99,649.40
4and7 $52,788.96
4and 8 $48,428.07

Abbreviations: THT, tyroid hormone therapy; QALY, qualty-adjusted Ife-year.
sAdjusted for an imperfect standard using the method of Valenstein (1990).

The effectiveness of THT withdrawal is limited by the deterrent effect hypothyroidism
has on compliance to follow-up diagnostic testing. However, the exact extent of non-
compliance is uncertain. While the base case assumed a compliance rate in the THT arm
of 80%, the sensitivity analysis investigated the effect of both 60% and 100%. With
poorer compliance, the cost of scanning patients is reduced, but the disease-positive,

non-complying patients do incur costs as a result of disease progression. They also have

poor health utility for the same reason.
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Consequently, if compliance rates are actually lower than has been assumed in the
modelled evaluation, thTSH becomes more cost-effective for use in diagnostic scanning.
On the other hand, if the compliance rate in the THT withdrawal arm is actually higher
than is assumed in the modelled evaluation, the cost-effectiveness of thTSH is reduced.
The results are shown in Table 24.

Figure 5 illustrates the cost per QALY of thTSH over a range of compliance rates in the
THT withdrawal arm.
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Figure 5 Cost-effectiveness of rhTSH with alterations in compliance in the THT withdrawal arm

The probabilities of reaching an accurate diagnosis using thTSH have been obtained
from the published literature (Haugen etal 1999), with a 13% chance of a false-negative
and an 5% chance of a false-positive as the baseline case (ie, sensitivity = 87%, specificty
= 95%,). The accuracy of the THT withdrawal scan has been assumed to be perfect, in
the absence of reliable data on which to base a better estimate. Because such an
assumption may be viewed as unrealistic, two sensitivity analyses have been undertaken.
The first applies the adjusted sensitivity and specificity values for thTSH (86% and 65%,
respectively) when assuming a sensitivity and specificity of THT withdrawal of 98% and
81%, respectively. The second sensitivity analysis assumes thTSH returns perfectly

accurate results.

The reduction in the marginal cost of thTSH results from costs falling in the thTSH arm
as a result of a reduction inwasted resources. As the accuracy of scans using rhTSH
improves, less unnecessary treatment is given and fewer patients receive additional scans
before disease is detected following false-negative results. Consequently, with more
efficient resource use, the marginal cost falls.
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In terms of effectiveness, the average utility of patients in the thTSH arm improves
because fewer patients go through unnecessary treatment (and the withdrawal associated
with the treatment) and fewer go through an extra withdrawal before the disease is
successfully detected. However, it is apparent that while the lower diagnostic accuracy is
important, it is not the main driver of the high base-case cost-effectiveness ratio. Even
with perfect accuracy, the cost-effectiveness ratio remains at $48,890.

The ability to avoid a period of hypothyroidism prior to follow-up diagnostic testing is
the clinical advantage offered by thTSH. Therefore, it is important to test the impact of
the health utility assigned to the hypothyroid health state. This value was derived from a
trial in which patients and administrators were not blinded to the diagnostic intervention
taking place. Furthermore, the order of the diagnostic interventions was not randomised
or balanced. Therefore, it is possible that the subjective SF-36 scores on which the health
utilities are based are affected by bias. The sensitivity analyses tested an increase and a

decrease of one standard deviation in the THT withdrawal utility value. The results are
shown in Table 24.

An unusual feature of the model is its specificity to the cohort of patients who have
already returned a negative result in their first post-treatment diagnostic follow-up.
Limiting the model to this cohort has the effect of reducing the proportion of disease-
positive patients entering the model. To test the effect of this specification on the model,
this proportion was altered. The results are displayed in Table 24 and Figure 6.

Increasing the proportion of disease-positive patients increases the average cost of both
thTSH and THT withdrawal, because more patients require further treatment before
progressing to less frequent scanning. Their longer presence in the model adds
considerably to the overall costs. However, the difference between the costs in the two
arms decreases. The increased probability of disease-positive patients also reduces the
average utility of patients in both arms, as they remain in the model for longer. However,
the utility of those in the THT withdrawal arm falls to a greater extent due to the poor
utility associated with withdrawal. Because the change in the incremental effectiveness
(the denominator of the cost-effectiveness ratio) increases more than the change in the
incremental cost (the numerator), the overall effect of increasing the proportion of
disease-positive patients is to decrease the cost-effectiveness ratio.
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Figure 6 Cost-effectiveness of rhTSH with alterations in the proportion of disease-positive patients
entering the model

It is also possible to test the impact of the cost of thTSH per s¢ upon the cost-
effectiveness. Applying an thTSH cost of $1000, for example, results in a cost of $30,829
per QALY. Figure 7 shows the cost per QALY for a range of thTSH costs. It is clear
that the cost of thTSH is a major determinant of the cost effectiveness ratio.
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Figure 7 Cost-effectiveness of rhTSH with alterations in the cost of rhTSH

Several combined sensitivity analyses were conducted. This allowed for the situation
where model inputs are altered simultaneously. The results are presented in Table 24.
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Results of the modelled economic evaluation (secondary assessment)

The cost effectiveness of thTSH from the time of the initial post-treatment was
investigated using a second decision analytical model. The model and the results are

presented in Appendix K.

Summary

A decision-analytic modelled evaluation was used to determine the costs and
effectiveness of the use of thTSH in follow-up diagnostic scanning for thyroid cancer,
compared with the current method of THT withdrawal prior to scanning. The model
was designed to capture the effects of the differences in costs between the two
procedures, the poorer diagnostic accuracy of thTSH scans, the improved quality of life
associated with the proposed scanning method, and the effect of rhTSH in improving
compliance rates.

The model was not only able to measure the incremental cost-effectiveness of the use of
rhTSH, but was also capable of illustrating the extra resource use in terms of additional
scans and treatment courses. Due to the lower accuracy of diagnostic testing when
rhTSH is used, resource wastage occurs because of false-positive and false-negative
results. However, more disease-positive patients are appropriately treated due to
increased compliance in the thTSH arm.

The average increase in utility associated with thTSH is marginal because the period of
lowest utility associated with THT withdrawal is only 6 weeks in duration for every scan
(with intervals of up to 2 years between follow-up diagnostic testing). This, in addition to
the extra costs incurred by less efficient use of resources, means that the cost-
effectiveness ratio for thTSH scanning is relatively high compared with the current
method of withdrawing patients from THT. In fact, the cost per QALY of $51,344.42in
the baseline scenario lies marginally outside the range that is normally considered
reasonably cost-effective for publicly funded health care intervention.

It is important to bearin mind the degree of uncertainty surrounding a number of
variables within the model. In particular, there is uncertainty regarding the compliance
rate for the current scanning procedure. Furthermore, the assumption of perfect
accuracy in that test is likely to be unrealistic. Consequently, sensitivity analyses have
been undertaken, illustrating that the cost-effectiveness ratio can change markedly with
changes in these variables. For example, a modest reduction in the proposed cost of
rhTSH would improve the value for money of this technology.
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Financial impact

To estimate the total financial impact of reimbursement of thTSH, it is necessary to
multiply the costs incurred per diagnostic presentation by the number of these follow-up
presentations. In doing this, an upper and lower bound are applied for the estimated
number of presentations. The lower bound (945) is the number of scans per year minus
the number of new patients each year, based on the assumption that new patients will
undergo THT withdrawal for theirinitial post-treatment scan and that all scans that
follow will be conducted using thTSH WBS. The upper bound (2526) is the current
number of scans per year. This assumes that all scans are replaced with rhTSH WBS —
contrary to the indication. Table 25 indicates the averge cost per presentation per year
derived from the modelled economic evaluation.

Table 25 Estimated total financial cost of rhTSH and THT withdrawal

rhTSH THT withdrawal Incremental
Number of diagnostic 945-2526 945-2526°
follow-up
presentations
Modelled average $1352.22 $461.78 $890.44
cost of diagnostic
presentations?
Total cost per annum $1,277,848-3,415,708 $436,382-1,166,456 $841,466-2,249, 251
Abbreviation: THT, thyroid hormone terapy.

ancludes all costs incurred within the model (diagnosic costs and treatment costs, such as completion thyroidectomy).
bThese figures representthe number of THT withdrawal scans that would be replaced bythose using hTSH and, therefore, representa cost
saving.

These estimates exclude those patients who currently are undergoing diagnostic follow-
up with on-THT serum Tg testing alone (ie, those for whom THT withdrawal is
contraindicated). The magnitude of this patient cohort is unknown. If this cohort
represents an additional 250 patients who could potentially undergo thTSH WBS and Tg
for diagnostic follow-up, the upper estimate of total thTSH cost would increase to
$3,753,763.

It should be noted that, so far, 100% market penetration for the low and high market
potential estimates has been assumed. If 50% market penetration is assumed instead, this
reduces the incremental financial impact to $421,187-1,124,626 or, if the 250 patients for
whom THT withdrawal is contraindicated are induded, $421,187-1,281,901.

In summary, as the total number of patients requiring diagnostic follow-up is small, the
total financial cost of thTSH is modest.
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Conclusions

Recombinant human TSH is indicated for use with serum Tg testing and whole body
radioiodine scanning undertaken for the detection of thyroid remnants and well-
differentiated thyroid cancer. This assessment focused primarily on the cohort of post-
thyroidectomy patients who have already had one negative follow-up using the current
THT withdrawal method.

Safety

In general, the adverse events associated with the use of thTSH appear to be mild in
nature. The most commonly reported adverse events associated with thTSH use are
headache and nausea. However, there are also individual case studies that report serious
adverse events thought to result from the swelling of metastases after thTSH
administration. To reduce the incidence of these severe adverse events, pre-treatment
with corticosteroids may be considered prior to the administration of rhTSH in patients
with metastatic disease in confined spaces. The adverse events associated with rhTSH
administration should be considered in the context of adverse events associated with
hypothyroidism secondary to THT withdrawal.

Effectiveness

Evidence regarding the diagnostic accuracy of thTSH relative to THT withdrawal was
obtained from two studies classified as level 2 evidence. When used with concurrent
serum Tg testing and WBS, the diagnostic accuracy of thTSH was lower than that of
THT withdrawal. In particular, the ability to detect a disease- or remnant-positive patient
(sensitivity) was reduced.

An important finding of this assessment was the poor diagnostic accuracy of thTSH-
stimulated serum Tg testing alone, when compared with using thTSH concurrently with
WBS and serum Tg testing. This reinforces the practice of including both WBS and
serum testing in the periodic follow-up of thyroid cancer patients.

This assessment focused primarily on the cohort of patients who had already had one
negative follow-up using the current THT withdrawal method. However, the
effectiveness results were found to be generalisable to the broader population of patients
that includes those presenting for their first diagnostic follow-up.

In the group of patients for whom THT withdrawal is medically contraindicated, thTSH-
stimulated WBS together with serum Tg testing provides a considerable improvement in
diagnostic accuracy, relative to on-THT serum Tg testing,

The disadvantage of poorer accuracy needs to be considered in the context of the
improvement in quality of life (and hence compliance) that results from avoidance of the
short (up to 12 weeks) and infrequent periods of hypothyroidism caused by THT
withdrawal.
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Cost-effectiveness

The diagnostic use of thTSH results in significantly increased cost and only a marginal
improvement in average utility, relative to THT withdrawal. The incremental cost-utility
ratio does not compare favourably with other health care interventions. However, this
result is highly sensitive to the proposed cost of rhTSH per se. Furthermore, the value for
money of thTSH is somewhat improved if indirect costs are included (Appendix L).

When the population using thTSH is broadened to include patients who have not already

had a negative follow-up using THT withdrawal, thTSH becomes considerably less cost-
effective.

The total population for whom the diagnostic use of thTSH is indicated is small. For this
reason, the total financial impact of public reimbursement is likely to be modest.
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Recommendation

MSAC recommended that on the strength of evidence pertaining to the diagnostic use of
recombinant thyroid-stimulating hormone in well-differentiated thyroid cancer, public
funding should be supported for this procedure only in patients in whom THT
withdrawal is medically contraindicated. In addition, on the basis of the current evidence,
both thTSH-stimulated whole body scanning and serum Tg testing should be undertaken
concurrently. MSAC recommends that public funding for thTSH should not be

supported in patients who are able to tolerate THT withdrawal, on the basis of lower
diagnostic sensitivity and a high cost-effectiveness ratio.

The Minister for Health and Ageing accepted this recommendation on 16 October 2002.
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Appendix A MSAC terms of reference and

membership

MSAC's terms of reference are to:

. advise the Minister for Health and Ageing on the strength of evidence pertaining
to new and emerging medical technologies and procedures in relation to their
safety, effectiveness and cost-effectiveness and under what circumstances public
funding should be supported,;

. advise the Minister for Health and Ageing on which new medical technologies
and procedures should be funded on an interim basis to allow data to be
assembled to determine their safety, effectiveness and cost-effectiveness;

. advise the Minister for Health and Ageing on references related either to new
and/or existing medical technologies and procedures; and

. undertake health technology assessment work referred by the Australian Health
Ministers’ Advisory Council (AHMAC) and report its findings to AHMAC.

The membership of MSAC comprises a mix of clinical expertise covering pathology,
nuclear medicine, surgery, specialist medicine and general practice, plus clinical
epidemiology and clinical tfials, health economics, consumers, and health administration

and planning;

Member

Dr Stephen Blamey (Chair)
Professor Bruce Barraclough
Professor Syd Bell

Dr Paul Craft

Professor lan Fraser
Associate Professor Jane Hall
Dr Ter Jackson

Ms Rebecca James

Professor Brendon Kearney

Mr Alan Keith

Associate Professor Richard King
Dr Ray Kirk

Dr Michael Kitchener

Mr Lou McCallum

Emeritus Professor Peter Phelan

Expertise or affiliation

General surgery

General surgery

Pathology

Clinical epidemiology and oncology
Reproductive medicine

Health economics

Health economics

Consumer health issues

Health administration and planning

Assistant Secretary, Diagnostics and Technology Branch,
Commonwealth Department of Health and Ageing

Internal medicine
Health research
Nuclear medicine
Consumer health issues

Paediatrics
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Dr Ewa Pigjko
Dr David Robinson
Professor John Simes

Professor Richard Smallwood

Professor Bryant Stokes

Associate Professor Ken Thomson

Dr Douglas Travis

General practice
Plastic surgery
Clinical epidemiology and clinical trials

Chief Medical Officer,
Commonwealth Department of Health and Ageing

Neurological surgety, representing the Australian Health
Ministers’ Advisory Council

Radiology
Urology
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Appendix B Supporting committee

Supporting committee for MSAC application 1043
Recombinant human thyroid-stimulating hormone as a diagnostic agent for well-
differentiated thyroid cancer

Mr Stephen Blamey (Chair)
BSc, MBBS, FACS, FRACS

General Surgeon
Monash Medical Centre, Melbourne

Professor Bruce Barraclough
MBBS, FRACS, DDU, FACS
General Surgeon

Royal North Shore Hospital, Sydney

Dr Michael Kitchener
MBBS, FRACP
Nuclear Medicine Specialist, Adelaide

Dr Roger Allison

MBBS, FRCR, DMRT, DObstRCOG
Radiation Oncologist

Royal Brisbane Hospital

Professor Leigh Delbridge
BMedSc, MBBS, FRACS, MD
Surgeon

Royal North Shore Hospital, Sydney

Dr Bruce Robinson

MBBS, MSc

Endocrinologist

Royal North Shore Hospital, Sydney

Dr Monica Rossleigh

MBBS, FRACP, MD

Nuclear Medicine Specialist

Royal Prince of Wales Hospital, Sydney

Ms Catherine Thompson
RN, Grad Dip Geront (Mon)

Consumer Representative

Chair of MSAC

MSAC Member

MSAC Member

nominated by the Royal
Australian and New Zealand
College of Radiologists

nominated by the Royal
Australasian College of
Surgeons

nominated by the
Endocrine Society

nominated by the Australia
and New Zealand
Association of Physicians in
Nuclear Medicine

Nominated by the
Consumers’ Health Forum
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Appendix C Studies included in the review

Table 26  Characteristics of studies included in the effectiveness review
Study Location/  Population Qs Age (years)  Study focus Protocol Reference
date gender (M/F) test
Haugen Us, Patients with 9 Age Tocomparethe  Prospective, Concordanc
multicentre/  differentiated (mean = effects of two evaluator- e with THT
(1999) thyroid cancer 44+15) different dosing  blinded?, with withdrawal
0 ; - regimens of sequential WBS and/or
62% Papilary Gender tTSHwith THT  diagnostic seum Tg
17% Folicular (43/74) withdrawal measurements
Ladenson Us, Patients with 9 Age Toevaluatethe  Prospective, Concordanc
multicentre/  differentiated (mean = 44) efficacy and evaluator- ewith THT
(1997) thyroid cancer side effects of blinded, with withdrawal
88% Papilary mTSH . sgquentlgl WBS
) administration diagnostic
9% Follicular as compared measurements
with THT
withdrawal
Mazzafemi ~ US/(2002)  Patients with 2 Age Toevaluate the  Retrospective, Variable
and Kloos differentiated (median = utility of hTSH-  witha
thyroid cancer 36.3) stimulated combination of
0 - ' serum Tg on variable
% Pallplllary Gender patients with reference
9% Follicular (19/88) undetectable or  standards
low on-THT
serum Tg
values
Pacini Italy/ Patients with 9 Age Toevaluate the  Prospective, THT
(2001) differentiated (mean = utility of MTSH-  with sequential ~ withdrawal
thyroid cancer 39.4+13.1) stimulated diagnostic WBS and
92% Papila serum Tg on measurements seum Tg
’ ‘p v Gender patients with
8% Follicular (21/72) undetectable
on-THT serum
Tgvalues
Robbins US, single Patients with 0 Age Toevaluatethe  Retrospective, Composite
centre/ differentiated (mean = efficacy of parallel cohort of all clinical
(2001) thyroid cancer 44.2-456) thTSH when information
9 - c compared to
87% Papilary Gender THT withdrawal
8% Follicular (110179)

Abbreviations: QS, quality score; WBS, radioiodine whole body scan; Tg, thyrogobulin; thTSH, THT, thyroid hormone therapy.

aBased on te quality scoring system described in Appendix F.

®Only WBS was evaluatorblinded, serum Tg was assessed unbinded.
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Appendix D Literature search strategies

Medline search strategy

The search strategy used to identify relevant studies of thTSH in Medline is presented in
Table 27.

Table 27 rhTSH MEDLINE search strategy (1966 to Aprilweek 1 2002)

Keyword/sear ch history Results
1 ex p Thyroid neoplasms/ 21,158
2 thyroid neoplasm$.mp. 20,634
3 ex p thyroidectomy/ or thyroidectomy.mp. 11,443
4 thyroid cancer§.mp. 4543
5 differentiated thyroid.mp. 1676
6 thyroid remnant$. mp. 200
7 ex p Neoplasm recumence, local/ 40,521
8 thyroid carcinoma$.mp. 6412
9 neoplasm recur$.mp. 40,553
10 ex p Neoplasm, residual/ 2057
11 residual neoplasm$.mp. 25
12 or1-1 71,143
13 thyrogen.mp. 9
14 recombinant human thy rotropin.mp. 52
15 recombinant thyrotropin.mp. 17
16 recombinant human thy roid stimulating homone.mp. 22
17 recombinant thyroid stimulating hormone. mp. 4
18 recombinant human TSH.mp. 68
19 recombinant TSH.mp. 57
20 exogenous human thyroid stimulating hormone.mp.
21 ex ogenous thyroid stimulaing hormone.mp.
22 ex ogenous human tsh.mp.
23 ex ogenous tsh.mp. 84
24 ex ogenous human thyrotropin.mp. 0
25 exogenous thyrotropin.mp. 31
26 thTSH.mp. 56
27 rTSH.mp. 46
28 thyrotropin alpha.mp. 30
29 thyrotropin alfa.mp. 4
30 ex p Thyrotropin/du [Diagnostic Use] 361
31 194100-83-9.m. 0
32 or/13-1 673
33 12 and 32 175
34 animal.sh. 3,247,184
35 human.sh. 7,520,555
36 34 not 35 2,541,206
37 33 not 36 170
38 limit 37 to yr=1980-2002 115
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Embase search strategy

The search strategy used to identify relevant studies of rhTSH in Embase is presented in
Table 28.

Table 28 rhTSH Embase search strategy (1980 to 2002 week 14)

Keyword/sear ch history Results
1 exp Thyroid tumor/ 13,669
2 thyroid neoplasm$.mp. 413
3 ex p subtotal thyroidectomy/ or ex p thyroidectomy/ or thyroidectomy.mp. 5672
4 thyroid cancer§.mp. 5424
5 thyroid carcinoma$.mp. 7222
6 differentiated thyroid.mp. 1550
7 thyroid remnant$. mp. 175
8 ex p Recurrent cancer/ 2383
9 neoplasm recur§.mp. 44
10 NEOPLASM, RESIDUAL.mp. 1
11 residual neoplasm$.mp. 24
12 or1-11 19,953
13 thyrogen.mp. 31
14 recombinant human thy rotropin.mp. 52
15 recombinant thyrotropin.mp. 75
16 recombinant human thy roid stimulating hormone.mp. 20
17 recombinant thyroid stimulating hormone. mp. 4
18 recombinant human TSH.mp. 62
19 recombinant TSH.mp. 55
20 ex ogenous human thyroid stimulating hormone.mp. 0
21 exogenous thyroid stimulaing hormone.mp. 6
22 exogenous human tsh.mp. 2
23 exogenous tsh.mp. 51
24 ex ogenous human thyrotropin.mp. 0
25 ex ogenous thyrotropin.mp. 16
26 thTSH.mp. 49
27 rTSH.mp. 36
28 thyrotropin alpha.mp. 18
29 thyrotropin alfa.mp. 1
30 ex p Thyrotropin/ad,ae,im,an,it,cb,iv,cm,pd,cr,pe,ct,pk,do,pr,dt,sc,dv 569
3 194100-83-9.m. 45
32 or/13-31 812
33 12 and 32 163
34 animal.sh. 15,432
35 human.sh. 3,922,096
36 34 not 35 12,603
37 33 not 36 163
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Appendix E List of citations and reasons for
exclusion

1. Anonymous (1996), M.D. Anderson studies drug for thyroid cancer testing. Oncology 10: 820-829
Reason for exclusion: news article

2. Achong DM, Tenorio LE (2001). I-123 uptake by mediastinal goiter after recombinant human
thyroid-stimulating hormone administration. Clinical Nuclear Medicine 26: 817-819
Reason for exclusion: wrong patient group

3. Ain KB, Taylor KD (1994). Somatostatin analogs affect proliferation of human thyroid carcinoma
cell lines in vitro. Journal of Clinical Endocrinology & Metabolism 78: 1097-1102
Reason for exclusion: non-human study

4. Antonicelli F, Om1 B, Breton MF, Rothhut B, Russo-Marie F, Pavlovic-Hournac M, Haye B
(1989). Identification of four lipocortin proteins and phosphotylation of lipocortin I by protein
kinase Cin cytosols of potcine thyroid cell cultures. FEBS Letters 258: 346-350
Reason for exclusion: non-human study

5. Aslam SN, Daly RG (2001). Use of recombinant human thyrotropin in a complicated case of
metastatic papillaty thyroid carcinoma. Endocrine Pradice 7: 99-101
Reason for exclusion: wrong usage

6. Aust G, Scherbaum WA (1996). Expression of cytokines in the thyroid: Thyrocytes as potential
cytokine producers. Experimental & Clinial Endocrinology & Diabetes 104: 64-67
Reason for exclusion: review

7. Banu KS§, Govindarajulu P, Aruldhas MM (2001). Testosterone and estradiol have specific
differential modulatory effect on the proliferation of human thyroid papillary and follicular
carcinomacell lines independent of TSH action. Endocrine Pathology 12: 315-327
Reason for exclusion: non-human study

8. Basaria S, Westra WH, Cooper DS (2001). Clinical case seminar: Ectopic lingual thyroid
masquerading as thyroid cancer metastases. Journal of Clinial Endocrinology & Metabolism 86: 392-395
Reason for exclusion: wrong patient group

9. Baskin HJ, Atwood TM, Holcomb LP (2000). Recombinant human thyrotropin stimulation of

thyroglobulin in the follow-up of patients with stage I or Il differentiated thyroid carcinoma.
Endocrine Pradtice 6: 430-434
Reason for exclusion: non-comparative study

10. Berg G, Lindstedt G, Suurkula M, Jansson S (2002). Radioiodine ablation and therapy in
differentiated thyroid cancer under stimulation with recombinant human thyroid-stimulating
hormone. Journal of Endocrinological Investigation 25: 44-52
Reason for exclusion: wrong usage

11. Berty P, Escaig F, Lange F, Galle P (19806). lon microscopy of the thyroid gland: a method for
imaging stable and radioactive iodine. Laboratory Investigation 55: 109-119
Reason for exclusion: non-human study

12. Biondi B, Fazio S, Carella C, Sabatini D, Amato G, Cittadini A, Bellastella A, Lombardi G, Sacca L
(1994). Control of adrenergic overactivity by beta-blockade improves the quality of life in patients
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receiving long term suppressive therapy with levothyroxine. Journal of Clinical Endocrinology &
Metabolism 78: 1028-1033
Reason for exclusion: not a thTSH study

13. Bouloux P, Harris P (2000). Editorial. CME Bulletin Endocrinology & Diabetes 3: 71
Reason for exclusion: editorial

14. Braga M, Ringel MD, Cooper DS (2001). Sudden enlargement of local recurrent thyroid tumor
after recombinant human TSH administration. Journal of Cliniaal Endocrinology & Metaholism 86:
5148-5151
Reason for exclusion: small sample size

15. Brandt-Mainz K, Muller SP, Reiners C, Bockisch A (2000). [Relationship between thyroglobulin
and reliability of thallium 201 scintigraphy in differentiated thyroid cancer]. [German]. Nuclear-
Medizin 39: 20-25
Reason for exclusion: not a thTSH study

16. Brans B, Gemmel F, De Winter O, Fiers T, De Roose |, Vermeersch H, Rubens R, Kaufman JM,
Dierckx RA (2001). Recombinant humane thyrotropin ¢hTSH) a new aid in the diagnosis and
treatment of thyroid carcinomawith radio-iodine. Acta Clinica Belgica 56: 316-320
Reason for exclusion: small sample size

17. Braverman LE, Pratt BM, Ebner S, Longcope C (1992). Recombinant human thyrotropin
stimulates thyroid funcion and radioactive iodine uptake in the thesus monkey. Journal of Clinical
Endocrinology & Metabolism 74: 1135-1139
Reason for exclusion: non-human study

18. Broecker M, Derwahl M (1992). Thyrotropin receptor and growth of thyroid carcinomas.
Experimental & Clinical Endocrinology 100: 57-61
Reason for exclusion: review

19. Broecker M, Mayr GW, Derwahl M (1997). Suppression of thyrotropin receptor-G protein-
phospholipase C coupling by activation of protein kinase Cin thyroid carcinoma cells.
Endocrinology 138: 3787-3796
Reason for exclusion: invitro study

20. Bucci I, Napolitano G, Giuliani C, Montani V, Di V, Monaco F (1999). The clinical use of human
recombinant TSH. Clinica Terapeutica 150: 351-358
Reason for exclusion: review

21. Camargo R, Limbert E (2001). Aggressive metastatic follicular thyroid carcinoma with anaplastic
transformation arising from a long-standing goiter in a patient with Pendred's syndrome. Thyroid.
11: 981-988
Reason for exclusion: not a thTSH study

22. Canavan R, Perros P (2000). Monitoting of patients with differentiated thyroid cancer. CME
Bulletin Endocrinology & Diabetes 3: 79-82
Reason for exclusion: review

23. Canonne C, Papandreou MJ, Medri G, Verrier B, Ronin C (1995). Biological and immunochemical
characterization of recombinant human thyrotrophin. Glycobiology 5: 473-481
Reason for exclusion: invitro study
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Casara D, Rubello D (2000). Diagnostic scintigraphy in postoperative staging and follow-up of
differentiated thyroid carcinoma. Rays 25: 207-219
Reason for exclusion: review

Chaimoff M, Raiter A, Avidan S, Shpitzer T, Feinmesser R, Hardy B (2001). Effect of exogenous
thyroid-stimulating hormone on thyroid papillary carcinoma cells in tissue culture. Head & Neck
23: 479-483

Reason for exclusion: invitro study

Chandramouly B, Mann D, Cunningham RP, Giegerich E (1992). Marine-Lenhart syndrome:
Graves' disease with poortly functioning nodules. Clini@al Nuclear Medicine 17: 905-906
Reason for exclusion: review

Charles MA, Dodson LEJ, Waldeck N, Hofeldt F, Ghaed N, Telepak R, Ownbey |, Burstein P
(1980). Serum thyroglobulin levels predict total body iodine scan findings in patients with treated
well-differentiated thyroid carcinoma. American Journal of Medicine 69: 401-407

Reason for exclusion: not a thTSH study

Chazenbalk GD, Wadsworth HL, Rapoport B (1990). Thyrotropin-induced expression of a gene
for aribosomal protein related to the trk oncogene. Molecular & Cellular Endocrinology 68: R25-R30
Reason for exclusion: invitro study

Checrallah A, Medlej R, Saade C, Khayat G, Halaby G (2001). Malignant struma ovarii: an unusual
presentation. Thyroid 11: 889-892
Reason for exclusion: wrong usage

Chiappetta G, Fabien N, Picone A, Califano D, Monaco C, De Franciscis V, Vecchio G, Santelli
G (1996). Transgenic mice carrying the human KRAS oncogene under the control of a
thyrogobulin promoter: KRAS expression in thyroids analyzed by in situ hybridization. Oncology
Research 8: 85-93

Reason for exclusion: non-human study

Chiu AC, Delpassand ES, Sherman SI (1997). Prognosis and treatment of brain metastases in
thyroid carcinoma. Journal of Clinical Endocrinology & Metabolism 82: 3637-3642
Reason for exclusion: wrong usage

Clark OH, Duh QY (1991). Thyroid cancer. Medical Clinics of North America 75: 211-234
Reason for exclusion: review

Cobin RH, Gharib H, Bergman DA, Clark OH, Cooper DS, Daniels GH, Dickey RA, Duick DS,
Garber JR, Hay ID, Kukora JS, Lando HM, Schomr AB, Zeiger MA, Anderson RJ, Bloomgarden
ZT, Palumbo PJ, Peters AL, Rettinger HI, Rodbard HW, Rubenstein HA (2002). AACE/AAES
medical/ surgical guidelines for clinical practice: Management of thyroid carcinoma. Endocrine
Practice 7: 203-220

Reason for exclusion: review

Cole ES, Lee K, Lauziere K, Kelton C, Chappel S, Weintraub B, Ferrara D, Peterson P,
Bernasconi R, Edmunds T (1993). Recombinant human thyroid stimulating hormmone:
development of a biotechnology product for detection of metastatic lesions of thyroid carcinoma.
Bio-Technology 11: 1014-1024

Reason for exclusion: non-human study

Colleran KM, Burge MR (1999). Isolated thytotropin deficiency secondaty to primary empty sella
in a patient with differentiated thyroid carcinoma: an indication for recombinant thyrotropin.
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36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Thyroid 9: 1249-1252
Reason for exclusion: wrong usage

Colzani RM, Alex S, Fang SL, Braverman LE, Emerson CH (1998). The effect of recombinant
human thyrotropin (thTSH) on thyroid function in mice and rats. Thyroid 8: 797-801
Reason for exclusion: non-human study

Connors JM, DeVito W], Hedge GA (1984). The effects of the duration of severe hypothyroidism
and aging on the metabolic clearance rate of thyrotropin (TSH) and the pituitary TSH response to
TSH-releasing hormone. Endocrinology 114: 1930-1937

Reason for exclusion: non-human study

David A, Blotta A, Bondanelli M, Ross R, Roti E, Braverman LE, Busutti L, Degli Uberti EC
(2001). Serum thyroglobulin concentrations and (131)I whole-body scan results in patients with
differentiated thyroid carcinoma after administration of recombinant human thyroid-stimulating
homone. Journal of Nuclear Medicine 42: 1470-1475

Reason for exclusion: non-comparative study

Davies TT (2000). Analysis of the results of phase III controlled clinical trials with recombinant
human thyrotropin: developing a clinical guide. Endocrine Practice 6: 391-395
Reason for exclusion: review

Degrossi O], Niepomniszcze H (1999). Considerations on the treatment and follow-up of
differentiated thyroid carcinoma. Revista Argentina de Endocrinologia y Metabolismo 36: 23-26
Reason for exclusion: survey

Demeure MJ, Doffek KM, Rezaece M, Goretzki PE, Wilson SD, Clark OH (1994). Diminished
expression of the alphaSbetal integrin (fibronectin receptor) by invasive clones of a human
follicular thyroid cancer cell line. World Journal of Surgery 18: 569-576

Reason for exclusion: review

DeVito W], Allen E, Wu CF, Alex S, Emerson CH (1989). Thyrotropin (TSH)-releasing hormone-
stimulated TSH release and TSH concentration in the guinea pig pituitary, as determined by a
heterologous radioimmunoassay. Endocrinology 124: 1190-1197

Reason for exclusion: non-human study

Dirr W, Pabst HW (1982). [Radioiodine therapy of follicular thyroid carcinomal]. Schweizerishe
Rundschau fur Medizin Praxis 71: 562-566
Reason for exclusion: review

Docao C, Bachelot A, Guilabert N, Baudin E, Schlumberger M (2001). Clinical use of human
recombinant TSH. Medecine Therapeutique Endocrinologie 3: 378-381
Reason for exclusion: survey

Drabo Y], Ouandaogo BJ, Kabore ], Sawadogo S, Chabtier | (1994). Graves' disease: Diagnosis
and management. The experiences of the Department of Internal Medicine in Ouagadougou.
Semaine des Hopitaux 70: 75-80

Reason for exclusion: not a thTSH study

Dralle H, Becker F, Korner JM, Bocker W (1985). Effect of endogenous and exogenous TSH
stimulation and suppression on growth and function of differentiated human thyroid carcinomas
xenotransplanted into nude mice. Int Congr Ser 684: 295-296

Reason for exclusion: non-human study
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Duick DS, Wahner HW, Edis AJ, Van Heerden JA (1980). Effects of oral thyrotropin-releasing
homone, exogenous thyroid-stimulating hormone, and withdrawal of triiodothyronine on 131i
uptake after subtotal thyroidectomy. Journal of Clinical Endocrinology & Metabolism 50: 502-506
Reason for exclusion: not a thTSH study

Dulgeroff AJ, Hershman JM (1994). Medical therapy for differentiated thyroid carcinoma.
Endocrine Reviews 15: 500-515
Reason for exclusion: review

Duron F, Talbot JN (1993). Supptressive thyroid nodules with normal TSH plasma levels. Medecine
Nucleaire 17: 1-205
Reason for exclusion: not a thTSH study

Durski JM, Weigel RJ, McDougall IR (2000). Recombinant human thyrotropin (thTSH) in the
management of differentiated thyroid cancer. Nuclear Medicine Communications 21: 521-528
Reason for exclusion: non-comparative study

Emerson CH, Colzani R, Braverman LE (1997). Epithelial cell thyroid cancer and thyroid
stimulating hormone - When less is more. Journal of Clinial Endocrinology & Metabolism 82: 9-10
Reason for exclusion: editorial

Emy P, Michenet P, Saint-Marc O (1998). Microscopic papillary thyroid cancers presentingin the
form of cervical lymph node metastases. Annales de Chirurgie 52: 461-464
Reason for exclusion: not a thTSH study

Fanfani G, Pasculli D, Mele M, D'Addabbo A (1981). Unusual scintigraphic aspects of hot thyroid
nodules after TSH stimulation: apparent cooling. Radiologia Medica 67: 763-766
Reason for exclusion: not a thTSH study

Fatourechi V, Hay ID (2000). Treating the patient with differentiated thyroid cancer with
thyroglobulin-positive iodine-131 diagnostic scan-negative metastases: including comments on the
role of serum thyroglobulin monitofing in tumor surveillance. Seminarsin Nuclear Medicine 30: 107-
114

Reason for exclusion: review

Felix I, Asa SL,, Kovacs K, Horvath E, Smyth HS (1994). Recurtent plutihormonal bimotphous
pituitary adenoma producing growth hormone, thyrotropin, and prolactin. Archives of Pathology &
Laboratory Medicine 118: 66-70

Reason for exclusion: not a thTSH study

Filettd S, Foti D, Costante G, Rapoport B (1991). Recombinant human thyrotropin (TSH) receptor
in a radioteceptor assay for the measutement of TSH teceptor autoantibodies. Journal of Clinical
Endocrinology & Metabolism 72: 1096-1101

Reason for exclusion: invitro study

Fuster D, Halperin L, Vidal-Sicart S, Lomen F (2001). New aspects of lodine-131 treatment in
patients with differentiated thyroid carcinoma. Endocrinologia y Nutridon 48: 21-26
Reason for exclusion: review

Gensthaler BM (2002). Recombinant TSH: Easier aftercare in patients with thyroid cancer.
Pharmazeutische Zdtung 17: 147; 28-29
Reason for exclusion: note
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59.

60.

Gharib H, Mazzafersi EL (1998). Thyroxine suppressive therapy in patients with nodular thyroid
disease. Annals of Internal Medicine 7: 28—26.
Reason for exclusion: review

Gharib H (2000). The use of recombinant thyrotropin in patients with thyroid cancer.
Endocrinologist 10: 255-263
Reason for exclusion: review

61. Ghinea E, Dumitriu L, Stefanovid G, Pop A, Damian A, Handoca A, Stanciu R (1988). Protein
content and thyroid hormone release in Vitro by differentiated thyroid cancer cells in the presence
of estradiol, dehydroepiandrosterone, polypeptidic hormones and pesticides. Revue Roumaine d
Endocrinologie 26: 165-171
Reason for exclusion: invitro study

62. Giovanni V, Arianna LG, Antonio C, Francesco F, Michele K, Giovanni S, Marco S, Giovanni L
(2002). The use of recombinant human TSH in the follow-up of differentiated thyroid cancer:
experience from a large patient cohort in a single center. Clinial Endocrinology 56: 247-252
Reason for exclusion: non-comparative study

63. Gordienko VM, Kashkadamov AV (1981). Comparative evaluation of clinical, radioisotope and
histological diagnosis of thyroid gland tumors. Problemy Endokrinologii 27: 17-21
Reason for exclusion: not a thTSH study

64. Gurr JA, Kourides IA (1985). Thyroid hormone regulation of thyrotropin alpha- and beta-subunit
gene transcription. DNA 4: 301-307
Reason for exclusion: non-human study

65. Haugen BR, Lin EC (2001). Isotope imaging for metastatic thyroid cancer. Endocrinology &
Metabolism Clinics of North America 30: 469-492
Reason for exclusion: review

66. Haugen BR, Ridgway EC, McLaughlin BA, McDemott MT (2002). Clinical compatison of whole-
body radioiodine scan and serum thyroglobulin after stimulation with recombinant human
thyrotropin. Thyroid 12: 37-43
Reason for exclusion: non-comparative study

67. Helfand M, Crapo LM (1990). Monitoting therapy in patients taking levothyroxine. Annals of
Internal Medicine 113: 450-454
Reason for exclusion: review

68. HellwigB (2001). Recombinant thyrotropin enables better quality of life after surgery for thyroid
carcinoma. Deutsche Apotheker Zeitung 1141: 32-35
Reason for exclusion: note

69. Hershman JM (1999). Recombinant human thyrotropin. Thyroid 9: 419-420
Reason for exclusion: editorial

70. Hishinuma A, Yamanaka T, Kasai K, So S, Bamba N, Shimoda SI (1994). Growth regulation of
the human papillary thyroid cancer cell line by protein tyrosine kinase and cAMP-dependent
protein kinase. Endocrine Journal 41: 399-407
Reason for exclusion: invitro study

71. Hnikova O, Mazura I, Venhacova J, Novotna D, Skvor |, Dvorakova M (1999). Juvenile Graves-
Basedow's disease: (Multicentric prospective study in the Czech Republic). Ceskoslovenska Pediatrie
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72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

54: 332-339
Reason for exclusion: not a thTSH study

Hoelting T, Tezelman S, Siperstein AE, Duh QY, Clark OH (1993). Thyrotropin stimulates
invasion and growth of follicular thyroid cancer cells via PKC- rather than PKA-activation.
Biochemical & Biophysical Research Communications 195(3): 1230-1236

Reason for exclusion: invitro study

Hoelting T, Zielke A, Siperstein AE, Clark OH, Duh QY (1994). Aberrations of growth factor
control in metastatic follicular thyroid cancer invitro. Clinical & Experimental Metastasis 12: 315-323
Reason for exclusion: invitro study

Hoelting T, Tezelman S, Siperstein AE, Duh QY, Clark OH (1995). Biphasic effects of
thyrotropin on invasion and growth of papillary and follicular thyroid cancer in vitro. Thyroid 5: 35-
40

Reason for exclusion: invitro study

Hoermann R, Broecker M, Grossmann M, Mann K, Derwahl M (1994). Interaction of human
chorionic gonadotropin (hCG) and asialo-hCG with recombinant human thyrotropin receptor.
Journal of Clinical Endocrinology & Metabolism 78: 933-938

Reason for exclusion: invitro study

Huber GK, Concepcion ES, Graves PN, Davies TF (1991). Positive regulation of human
thyrotropin receptor mRNA by thyrotropin. Journal of Clinical Endocrinology & Metabolism 72: 1394-
1396

Reason for exclusion: in vitro study

Huysmans DA, Corstens FH, Kloppenborg PW (1991). Long-term follow-up in toxic solitary
autonomous thyroid nodules treated with radioactive iodine. Journal of Nuclear Medicine 32: 27-30
Reason for exclusion: not a thTSH study

Incert C (1999). Recombinant human thyroid-stimulating hormone (thTSH): clinical
development. Journal of Endocrinological Investigation 22: 8-16
Reason for exclusion: review

Intenzo CM, Park CH, Kim SM (1995). Delayed radiociodine organification in Plummet's disease.
Clinical Nuclear Medicine 5: 83-90
Reason for exclusion: not a thTSH study

Jarzab B, Junak DH, Wloch J, Kalemba B, Roskosz J, Kukulska A, Puch Z (2000). Multivariate
analysis of prognostic factors for differentiated thyroid carcinoma in children. European Journal of
Nuclear Medicine 27: 833-841

Reason for exclusion: not a thTSH study

Joshi L, Murata Y, Wondisford FE, Szkudlinski MW, Desai R, Weintraub BD (1995).
Recombinant thyrotropin containing a beta-subunit chimera with the human chorionic
gonadotropin-beta carboxy-terminus is biologically active, with a prolonged plasma half-life: role
of carbohydrate in bioactivity and metabolic clearance. Endocrinology 136: 3839-3848

Reason for exclusion: in vitro study

Kaplan MM (1993). Thyroid hormone therapy. What, when, and how much. Postjraduate Medicine
93: 249-252
Reason for exclusion: review
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83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Karayan L, Hadjadj S, Larsen CJ, Marechaud R, Kraimps JL (2002). [Update on differentated
thyroid carcinomal. Bulletin du Cancer 89: 113-123
Reason for exclusion: review

Karayan L, Hadjadj S, Larsen CJ, Kraimps JL (2002). Current concepts on differentiated thyroid
carcinoma. Bulletin du Cancer 89: 113-123
Reason for exclusion: review

Kashkadamov AV (1980). [Diagnostic significance of the thyrotropin stimulation test in focal
growths of the thyroid gland]. Vrachebnoe Delo 82-85
Reason for exclusion: not a thTSH study

Keeble E (2001). Endocrine diseases in small mammals. In Practice 23: 570-585
Reason for exclusion: non-human study

Kendall-Taylor P (2001). Thyroid cancer in the UK: Can we do itbetter? Clinical Endocrinology 54:
705-706
Reason for exclusion: editorial

Khammash NF, Halkar RK (1989). Failure of exogenous TSH to stimulate suppressed tissue in a
case of toxic adenoma. Clinial Nuclear Medicine 14: 846-847
Reason for exclusion: wrong patient group

Kirilov G (1998). Thyroglobulin as a tumor marker in the postsurgical follow-up of differentiated
thyroid carcinoma - Methodological and clinical featutres. Rentgenologiya i Radiologiya 37: 8-11
Reason for exclusion: review

Koch CA, Sarlis NJ (2001). The spectrum of thyroid diseases in childhood and its evolution
during transition to adulthood: Natural history, diagnosis, differential diagnosis and management.
Journal of Endocrinological Investigation 24: 659-675

Reason for exclusion: review

Komlos L, Shimberg R, Halbrecht I, Zohar Y, Strauss M, Laurian L, Laurian N (1988). Primary
tissue cultures of benign and malignant human thyroid umors: Effect of TSH. Otolaryngology - Head
& Neck Surgery 99: 10-15

Reason for exclusion: invitro study

Krausz Y, Uziely B, Nesher R, Chisin R, Glaser B (2001). Recombinant thyroid-stimulating
hormone in differentiated thyroid cancer. Israel Medical Association Journal: Imaj 3: 843-849
Reason for exclusion: review

Kubota M, Tsuda T, Minase T, Nakada K, Furudate M (1994). Autoradiographic analysis of [14C]
deoxy-D-glucose in thyroid cancer xenografts: A comparative study with pathologic correlation.
Annals of Nuclear Medicine 8: 75-83

Reason for exclusion: non-human study

Kusunoki T, Nishida S, Koezuka M, Murata K, Tomura T (2001). Morphological and functional
differentiation of human thyroid cells in collagen gel culture. Auris, Nasus, Larynx 28: 333-338
Reason for exclusion: invitro study

Ladenson PW (1999). Strategies for thyrotropin use to monitor patients with treated thyroid
carcinoma. Thyroid 9: 429-433
Reason for exclusion: review
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96.

97.

98.

99.

100.

101.

102.

103.

Ladenson PW (2000). Recombinant thyrotropin versus thyroid hormone withdrawal in evaluating
patients with thyroid carcinoma. Seminars in Nuclear Medicine 30: 98-106
Reason for exclusion: review

Ladenson PW, Ewertz ME, Dickey RA (2001). Practical application of recombinant thyrotropin
testing in clinical practice. Endocrine Practice 7: 195-201
Reason for exclusion: review

Lechpammer S, Kusic Z (1998). Clinical use of recombinant human thyrotropin (TSH) in the
treatment of differentiated thyroid cancer: Perspectives and problems. Acta Cliniaa Croatia 37: 325-
326

Reason for exclusion: letter

Lippi F, Capezzone M, Angelini F, Taddei D, Molinaro E, Pinchera A, Pacini F (2001).
Radioiodine treatment of metastatic differentiated thyroid cancer in patients on L-thyroxine, using
recombinant human TSH. European Journal of Endocrinolagy 144: 5-11

Reason for exclusion: small sample size

Lukinac L (1997). Treatment of scan-negative, thyroglobulin-positive metastatic thyroid cancer

using radioiodine 1311 and recombinant human thyroid stimulating hormone - Authors' response.
Journal of Clinical Endocrinology & Metabolism 82: 4277-4278
Reason for exclusion: letter

Lukinac L, Franceschi D, Kusic Z (1997). Commentary on article by Rudavsky and Freeman.
Journal of Clinial Endocrinology & Metabolism 82: 4277
Reason for exclusion: letter

Luster M, Reinhardt W, Korber C, Lassmann M, Haenscheid H, Michalowski U, Rendl J, Eising
E, Mann K, Reiners C (2000). The use of recombinant human TSH in a patient with metastatic
follicular carcinoma and insuffident endogenous TSH production. Journal of Endocrinological
Investigation 23: 473-475

Reason for exclusion: wrong usage

Luster M, Lassmann M, Haenscheid H, Michalowski U, Incerti C, Reiners C (2000). Use of
recombinant human thyrotropin before radioiodine therapy in patients with advanced
differentiated thyroid carcinoma. Journal of Clinical Endocrinology & Metabolism 85: 3640-364 5
Reason for exclusion: wrong usage

104. Mallick UK, Lucraft H, Proud G, Perros P, Fenwick ], Kendall-Taylor P, Johnson S, Lennard T,

105.

106.

Ball S, James RA, Douglas F, Weightman DR (2000). Optimizing the management of
differentiated thyroid cancer. Clini@l Oncology 12: 363-364
Reason for exclusion: editorial

Mariani G, Ferdeghini M, Augen C, Villa G, Taddet GZ, Scopinaro G, Boni G, Bodet L, Rabitti C,
Molinari E, Bianchi R (2000). Clinical expetience with recombinant human thyrotrophin (thT'SH)
in the management of patients with differentiated thyroid cancer. Cancer Biotherapy &
Radiopharmaceuticals 15: 211-217

Reason for exclusion: non-comparative study

Marinuzzi G, Bellini V, Antimi M (2000). [Differentiated thyroid carcinomas]. Clinia Terapeutica
151: 365-369
Reason for exclusion: review
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107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Masiukiewicz US, Nakchbandi IA, Stewart AF, Inzucchi SE (1999). Papillary thyroid carcinoma
metastatic to the pituitary gland. Thyroid 9: 1023-1027
Reason for exclusion: wrong usage

Massart C, Gibassier ], Lucas C, Le G, Giscard-Dartevelle S, Bourdiniere ], Moukhtar MS, Nicol
M (1993). Hormonal study of ahuman mixed follicular and medullary thyroid carcinoma. Journal of
Molecular Endocrinology 11: 59-67

Reason for exclusion: invitro study

Maussier ML, Danese D, D'Errico G, Garganese MC, Pontecorvi A, Lemmo G (2000). Clinical
and laboratory follow-up in differentiated thyroid carcinoma. Rays 25: 239-244
Reason for exclusion: review

Maxon HR (1999). Detection of tesidual and recutrent thyroid cancer by radionuclide imaging.
Thyroid 9: 443-446
Reason for exclusion: review

Mazzaferri EL (1999). An overview of the management of papillary and follicular thyroid
carcinoma. Thyroid 9: 421-427
Reason for exclusion: review

Mazzaferd EL, Kloos RT (2000). Using recombinant human TSH in the management of well-

differentiated thyroid cancer: cutrent strategies and future directions. Thyroid 10: 767-778
Reason for exclusion: review

McDermott MT, Perloff ], Kidd GS (1995). A longitudinal assessment of bone lossin women
with levothyroxine- suppressed benign thyroid disease and thyroid cancer. Calcified Tissue
International 56: 521-525

Reason for exclusion: not a thTSH study

McDougall IR (2001). Management of thyroglobulin positive /whole-body scan negative: Is Tg
positive/ 1311 therapy useful? Journal of Endocrinological Investigation 24: 194-198
Reason for exclusion: review

McDougall IR (1999). Recombinant human thyrotropin (thTSH) in the management of
differentiated thyroid carcinoma. Nuclear Medicine Communications 20: 871-873
Reason for exclusion: editorial

McDougall IR, Weigel RJ (2001). Recombinant human thyrotropin in the management of thyroid
cancer. Current Opinion in Oncology 13: 39-43
Reason for exclusion: review

McHenry CR, Smith CJ (1997). Management of follicular and Hurthle cell carcinomaof the

thyroid gland in patients with localized and distant metastases. Problems in General Surgery 14: 52-64
Reason for exclusion: review

Meier CA, Braverman LE, Ebner SA, Veronikis I, Daniels GH, Ross DS, Deraska DJ, Davies TF,
Valentine M, DeGroot L] (1994). Diagnostic use of recombinant human thyrotropin in patients
with thyroid carcinoma (phase I/1I study). Journal of Clinical Endocrinology & Metabolism 78: 188-196
Reason for exclusion: small sample size

Meier CA (1995). [Molecular endocrinology of thyroid diseases]. Schwazeristhe Medizinische
Wochenschrift.Journal Suisse de Medecine 125: 2367-2378
Reason for exclusion: review
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120. Melmed S, Harada A, Hershman JM, Krishnamurthy GT, Blahd WH (1980). Neutralizing
antibodies to bovine thytotropin in immunized patients with thyroid cancer. Journal of Clinical
Endocrinology & Metabolism 51: 358-363
Reason for exclusion: not a thTSH study

121. Mizukami Y, Hashimoto T, Nonomura A, Michigishi T, Nakamura S, Noguchi M, Matsukawa S
(1994). Inmunohistochemical demonstration of thyrotropin (T'SH)-receptor in normal and
diseased human thyroid tissues using monoclonal antibody against recombinant human TSH-
receptor protein. Journal of Clinical Endocrinology & Metabolism 79: 616-619
Reason for exclusion: invitro study

122. Monaco F (1986). [Thyroid hormonogenesis in expefimental and human tumors]. Minerva Media
77:2031-2033
Reason for exclusion: not a thTSH study

123. Morita M, Higashi K, Tajiri J, Shimada T, Ohno M, Satoh T (1985). [Three cases of artonomously
functioning thyroid nodules]. Rinsho Hoshasen - Japanese Journal of Clinical Radiology 30: 817-819
Reason for exclusion: not a thTSH study

124. Mortimer PS, Tomlinson IW, Rosenthal FD (1981). Hemiaplasia of the thyroid with
thyrotoxicosis. Journal of Clinical Endocrinology & Metabolism 52: 152-155
Reason for exclusion: not a thTSH study

125. Muller-Gartner HW, Schneider C, Tempel MT (1986). [Serum thyroglobulin in the diagnosis of
metastases of differentiated thyroid cancer. Effect of suppressive thyroid hormone substitution on
the diagnostic accuracy of thyroglobulin values]. Nuclear-Medizin 25: 194-200
Reason for exclusion: not a thTSH study

126. Muller-Gartner HW, Jessel M, Schneider C, Bay V (1988). Autoradiographical evidence for
increased thyrotropin binding to artonomously functioning thyroid gland tissue.Journal of
Endocrinological Investigation 11: 183-191
Reason for exclusion: non-human study

127. Nagy N, Camby I, Decaestecker C, Chaboteaux C, Gras T, Darro F, Rocmans P, Kiss R, Salmon I
(1999). The influence of L-triiodothyronine, L-thyroxine, estradiol-17beta, the luteinizing-
homone-releasing hormone, the epidermal growth factor and gastrin on cell proliferation in organ
cultutes of 35 benign and 13 malignant human thyroid tumors. Journal of Cancer Research & Clinical
Oncology 125: 361-368
Reason for exclusion: invitro study

128. Navarro D (1989). Thyroid function in the old people. Revista Cubana de Medicina 28: 115-125
Reason for exclusion: review

129. Nomura K, Puett DW, Puett D, Shizume K, Liddle GW (1989). Extragonadal effects of
luteinizing hormone in mice. Acta Endocrinologica 121: 587-594
Reason for exclusion: non-human study

130. Nutting C, Hyer S, Vini L, Harmer C (1999). Failure of TSH 1ise ptior to radio-iodine therapy for
thyroid cancer: implications for treatment. Clinical Oncology (Royal College of Radiologists) 11: 269-271
Reason for exclusion: not a thTSH study

131. O'Brien DP, Phillips JP, Rawluk DR, Farrell MA (1995). Intracranial metastases from pituitary
adenoma. British Journal of Neurosurgery 9: 211-218
Reason for exclusion: not a thTSH study
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132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Pacini F, Lippi F (1999). Clinical experience with recombinant human thyroid-stimulating
homone (thTSH): serum thyroglobulin measurement. Journal of Endocrinological Investigation 22: 25-
29

Reason for exclusion: review

Pang XP, Hershman JM, Chung M, Pekary AE (1989). Characterization of tumor necrosis factor-
alpha receptors in human and rat thyroid cells and regulation of the receptors by thyrotropin.
Endocrinology 125: 1783-1788

Reason for exclusion: invitro study

Paterakis T, Ebels H, Mallick UK, Proud G, Jones N, Lennard T, Lucraft H, Fenwick J,
Weightman D, Kendall-Taylor P, Perros P (2000). Lack of antigenicity of recombinant human
thyrotropin after multiple injections in patients with differentiated thyroid cancer. Thyroid 10: 623
Reason for exclusion: small sample size

Pellegriti G, Scollo C, Giuffrida D, Vigneri R, Squatrito S, Pezzino V (2001). Usefulness of
recombinant human thyrotropin in the radiometabolic treatment of selected patients with thyroid
cancer. Thyroid 11: 1025-1030

Reason for exclusion: wrong usage

Peroni CN, Soares CRJ, Gimbo E, Morganti L, Ribela MTCP, Bartolini P (2002). High-level
expression of human thyroid-stimulating hormone in Chinese hamster ovary cells by co-
transfection of dicistronic expression vectors followed by a dual-marker amplification strategy.
Biotechnology & Applied Biochemistry 35: 1-26

Reason for exclusion: invitro study

Perros P (1999). Recombinant human thyroid-stimulating hormone ¢hTSH) in the radioablation
of well-differentiated thyroid cancer: preliminary therapeutic expetience. Journal of Endocrinological
Investigation 22: 30-34

Reason for exclusion: wrong usage

Petrich T, Borner AR, Weckesser E, Soudah B, Otto D, Widjaja A, Hofmann M, Kreipe HH,
Knapp WH (2001). [Follow-up of differentiated thyroid cancer patients using thTSH —
preliminary results]. Nuclear-Medizin 40: 7-14

Reason for exclusion: non-comparative study

Ramirez L, Braverman LE, White B, Emerson CH (1997). Recombinant human thyrotropin is a
potent stimulator of thyroid function in normal subjects. Journal of Clinical Endocrinology &
Metabolism 82: 2836-28 39

Reason for exclusion: wrong patient group

Reboul P, Bauduceau B, Schaison F, Bertin E, Carmoi T (1992). TSH-producing adenomas.
Semaine des Hopitaux 68: 531-534
Reason for exclusion: survey

Reiners C, Farahati ] (1999). 1311 therapy of thyroid cancer patients. Quarterly Journal of Nuclear
Medicine 43: 324-335
Reason for exclusion: review

Reiners C, Luster M, Lassmann M (1999). Clinical expetience with recombinant human thyroid-
stimulating hormone ¢hTSH): whole-body scanning with iodine-131. Journal of Endocrinological
Investigation 22: 17-24

Reason for exclusion: review
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143. Reynolds JC, Robbins J (1997). The changing role of radioiodine in the management of
differentiated thyroid cancer.Seminars in Nuclear Medicine 27: 152-164
Reason for exclusion: review

144. Ringel MD, Ladenson PW (1996). Diagnostic accuracy of 1311 scanning with recombinant human
thyrotropin versus thyroid hommone withdrawal in a patient with metastatic thyroid carcinoma and
hypopititarism. Journal of Clinical Endocrinology & Metabolism 81: 1724-1725
Reason for exclusion: small sample size

145. Risse JH, Grunwald F, Bender H, Schuller H, Van Roost D, Biersack HJ (1999). Recombinant
human thyrotropin in thyroid cancer and hypopituitatism due to sella metastasis. Thyroid 9: 1253-
1256
Reason for exclusion: small sample size

146. Rizz G, Argiro G, Gentile L, Castellano G, Brossa C, Borre A (1987). Use of the thyroid 99Tcm
scintiscan with lead-shield on the hot nodule in the diagnosis of autonomous adenoma. Nuclear
Medicine Communictions 8: 217-220
Reason for exclusion: not a thTSH study

147. Robbins J (1999). Pharmacology of bovine and human thyrotropin: an historical perspective.
Thyroid 9: 451-453
Reason for exclusion: review

148. Robbins J (1999). Management of thyroglobulin-positive, body scan-negative thyroid cancer
patients: Evidence for the utlity of I-131 therapy. Journal of Endocrinological Investigation 22: 808-810
Reason for exclusion: note

149. Robbins R, Drucker W, Hann L, Tuttle RM (2001). Advances in the detection of residual thyroid
carcinoma. Advances in Internal Medicine 46: 277-294
Reason for exclusion: review

150. Robbins R], Voelker E, Wang W, Macapinlac HA, Larson SM (2000). Compassionate use of
recombinant human thyrotropin to fadilitate radioiodine therapy: case report and review of
literature. Endocrine Pradice 6: 460-464
Reason for exclusion: wrong usage

151. Robbins R], Tuttle RM, Sonenberg M, Shaha A, Sharaf R, Robbins H, Fleisher M, Larson SM
(2001). Radioiodine ablation of thyroid remnants after preparation with recombinant human
thyrotropin. Thyroid 11: 865-869
Reason for exclusion: wrong usage

152. Rodriguez R (1999). [Recombinant human TSH (thTSH) in the control and follow-up of patients
with differentiated thyroid cancer: closer to the objectve]. Revista Espanola de Medicina Nuclear 18:
401-407
Reason for exclusion: review

153. Rose SR (2000). Disorders of thyrotropin synthesis, secretion, and function. Current Opinion in
Pediatrics 12: 375-381
Reason for exclusion: review

154. Rosychuk RA (1982). Thyroid hormones and antithyroid drugs. Veterinary Clinics of North Americ -
Small Animal Practice 12: 111-148
Reason for exclusion: review
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155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Rotman-Pikielny P, Reynolds JC, Barker WC, Yen PM, Skarulis MC, Sarlis NJ (2000).
Recombinant human thyrotropin for the diagnosis and treatment of ahighly functional metastatic
struma ovari. Journal of Clinical Endocrinology & Metabolism 85: 237-244

Reason for exclusion: wrong patient group

Rudavsky AZ, Freeman LM (1997). Treatment of scan-negative, thyroglobulin-positive metastatic
thyroid cancer using radioiodine 1311 and recombinant human thyroid stimulating hormone.
Journal of Clinial Endocrinology & Metabolism 82: 11-14

Reason for exclusion: wrong usage

Samuels MH (2001). Evaluation and treatment of sporadic nontoxic goiter - Some answers and
mote questions. Journal of Clinical Endocrinology & Metabolism 86: 994-997
Reason for exclusion: editorial

Sarkar SD, Afriyie MO, Palestro CJ (2001). Recombinant human thyroid-stimulating hormone-

aided scintigraphy: comparison of imaging at multiple times after I-131 administration. Clinical
Nuclear Medicine 26: 392-395
Reason for exclusion: non-comparative study

Sarmiento AJH, Sarmiento FM, Sarmiento AH, Chengazi VU, O'Mara RE (2001). What is the best
strategy to treat and study patients after near-total thyroidectomy? Journal of Nuclear Medicine 42:
531-533

Reason for exclusion: letter

Schlumberger M, Chatbord P, Fragu P, Lumbroso |, Parmentier C, Tubiana M (1980). Circulating
thyroglobulin and thyroid hormones in patients with metastases of differentiated thyroid
carcinoma: relationship to serum thyrotropin levels. Journal of Clinical Endocrinology & Metabolism 51:
513-519

Reason for exclusion: not a thTSH study

Schlumberger M, Fragu P, Travagli JP, Gardet P, Lumbroso J, Charbord P, Lacour |, Parmentier
C (1982). Value of serum thyroglobulin assays in cancers of the thyroid. Nouvelle Presse Medicale 11:
3101-3105

Reason for exclusion: review

Schlumberger M, De Vathaire F, Wu-Ahouju G, Comoy E, Fragu P, Parmentier C (1987). Post-
operative surveillance of differentiated thyroid carcinoma. Contribution of the ultra-sensitive TSH
assay. Presse Medicale 16: 1791-1793

Reason for exclusion: not a thTSH study

Schlumberger M, Baudin E, Travagli JP (1998). Papillary and follicular cancers of the thyroid.
Presse Medicale 27: 1479-1481
Reason for exclusion: editorial

Schlumberger M, Ricard M, Pacini F (2000). Clinical use of recombinant human TSH in thyroid
cancer patients. European Journal of Endocrinology 143: 557-563
Reason for exclusion: review

Schlumberger MJ (1999). Diagnostic follow-up of well-differentiated thyroid carcinoma: historical
perspective and current status. Journal of Endocrinological Investigation 22: 3-7
Reason for exclusion: review
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166.Schlumberger MJ, Incerti C, Pacini F, Reiners C (1999). The role of recombinant thyroid-
stimulating hormone ¢hTSH) in the detection and management of well-differentiated thyroid
carcinoma: a roundtable discussion. Journal of Endocrinological Investigation 22: 35-41
Reason for exclusion: review

167. Schlumberger MJ, Todantano M (2000). Papillary and follicular thyroid carcinoma. Best Practice &
Research Clinical Endocrinology & Metabolism 14: 601-613
Reason for exclusion: review

168. Schroder F, Wisotzki W (1988). [Scintigram after TSH in blocked thyroid gland]. Zeitschiift fur die
Gesamte Innere Medizin und lhre Grenzgebiete 43: 364-366
Reason for exclusion: not a thTSH study

169. Shaver JK, Tezelman S, Siperstein AE, Duh QY, Clark OH, Roher HD, Lo G, Rosen IB (1993).
Thyroid-stimulating hormone activates phospholipase C in normal and neoplastic thyroid tissue.
Surgery 114: 1064-1069
Reason for exclusion: invitro study

170. Siperstein AE, Miller RA, Clark OH, Geelhoed GW, Zdon MJ, Merrell RC (1988). Stimulatory
effectof vasoactive intestinal polypeptide on human normal and neoplastic thyroid tssue. Surgery
104: 985-991
Reason for exclusion: invitro study

171. Siperstein AE, Levin KE, Gum ET, Clark OH, Kaplan EL, Yashiro T, Hara H (1992). Effect of
somatostatin on adenylate cyclase activity in normal and neoplastic thyroid dssue. World Journal of
Surgery 16: 555-561
Reason for exclusion: not a thTSH study

172. Skarulis MC (2000). The use of recombinant human thyrotropin (thTSH) in the management of
differentiated thyroid cancer. Reviews in Endocrine & Metabolic Disorders 1: 147-154
Reason for exclusion: review

173. Solaini L, Balanzoni S, Mazzotti A, Giaquinta S, Bagioni P (1987). [Thyrotropic response
following hemithyroidectomy. Therapeutic implications]. Minerva Chirurgia 42: 1255-1258
Reason for exclusion: not a thTSH study

174. Spencer CA, LoPrest S, Fatemi S, Nicoloff JT' (1999). Detection of residual and recurrent
differentiated thyroid carcinoma by serum thyroglobulin measutrement. Thyroid 9: 435-441
Reason for exclusion: review

175. Squire CR, Gimlette TM (1987). Assessmentof an enhanced chemiluminescent immunometric
assay for TSH in 1127 patients. Annals of Clinical Biodemistry 24: 419-425
Reason for exclusion: not a thTSH study

176. Starling JR, Harms BA (1988). Oxygen-free radical scavengers (superoxide dismutase, catalase) in
human and rat thryoid tissue. Surgial Research Communications 4: 25-29
Reason for exclusion: invitro study

177. Sugino K, Ito K, Ozaki O, Mimura T, Iwasaki H, Wada N (1999). Postoperative changesin
thyrotropin-binding inhibitory immunoglobulin level in patients with Graves' disease: is subtotal
thyroidectomy a suitable therapeutic option for patients of childbearing age with Graves' disease?
World Journal of Surgery 23: 727-731
Reason for exclusion: not a thTSH study
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179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Sweeney DC, Johnston GS (1995). Radioiodine therapy for thyroid cancer. Endocrinology &
Metabolism Clinics of North America 24: 803-839
Reason for exclusion: review

Tegler L, Gillquist J, Lindvall R, Almqvist S, Roos P (1983). Thyroid hormone secretion rates:
response to endogenous and exogenous TSH in man duting surgery. Clinical Endocrinology 18: 1-9
Reason for exclusion: not a thTSH study

Thomas ] (1991). Role of thyroid stimulating hormone suppression in the management of thyroid
cancer. Seminars in Surgial Oncology 7: 115-119
Reason for exclusion: review

Thotakura NR, Desai RK, Bates LG, Cole ES, Pratt BM, Weintraub BD (1991). Biological activity
and metabolic clearance of a recombinant human thyrotropin produced in Chinese hamster ovary
cells. Endocrinology 128: 341-348

Reason for exclusion: invitro study

Tortens JI, Burch HB (2001). Serum thyroglobulin measurement. Utility in clinical practice.
Endocrinology & Metabolism Clinics of North America 30: 429-467
Reason for exclusion: review

Torres MS, Ramirez L, Simkin PH, Braverman LE, Emerson CH (2001). Effect of various doses
of recombinant human thyrotropin on the thyroid radioactive iodine uptake and serum levels of
thyroid hormones and thyroglobulin in normal subjects. Journal of Clinial Endocrinology &
Metabolism 86: 1660-1664

Reason for exclusion: wrong patient group

Tuttle RM, FleisherM., FrancisGL., RobbinsR] (2002). Serum vascular endothelial growth factor
levels are elevated in metastatic differentiated thyroid cancer butnotincreased by short-term TSH
stimulation. Journal of Clinial Endocrinology & Metabolism. 87: 1737-1742

Reason for exclusion: non-comparative study

Ugur O, Kostakoglu L, Caner B, Guler N, Gulaldi NCM, Ozmen M, Uysal U, Elahi N, Erbeng
G, Bejdik C (1996). Comparison of 201711, 99Tcm-MIBI and 1311 imaging in the follow-up of
patients with well-differentiated thyroid carcinoma. Nuclear Medicine Communications 17: 373-377
Reason for exclusion: not a thTSH study

Utiger RD (1997). Follow-up of patients with thyroid carcinoma. New England Journal of Medicine
337:928-930

Reason for exclusion: editorial

Van der Kallen CJH, Coes JH, Van Grafthorst JP, Schuuring EM, Ossendorp FA, Thijssen JH,
Blankenstein MA, De Bruin TWA (1996). Dissociation of thyrotropin receptor function and
thyrotropin dependency in rat thyroid mumour cell lines detived from FRTL-5. British Journal of
Cancer 74: 606-612

Reason for exclusion: invitro study

Van Espen MB, Hemmans ], Bodart F, Schmitz A, Francois D, Beauduin M (1997). [Autonomous
thyroid adenoma. Value of thallium scintigraphy and pathology]. Annales d Endocrinologie 58: 482-
493

Reason for exclusion: review
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189. Van Herle AJ, Van Heuverswyn B, Vassart G (1980). Dosage of serum thyroglobulin in clinical
practice. Revue Medicale de Bruxelles 1: 5-8
Reason for exclusion: review

190. Van Tol KM, De Vries EGE, Dullaart RPF, Links TP (2001). Differentiated thyroid carcinoma in
the elderly. Critical reviews in Oncology-Hematology 38: 79-91
Reason for exclusion: review

191. Vargas GE, UY H, Bazan C, Guise TA, Bruder JM (1999). Hemiplegia after thyrotropin alfain a
hypothyroid patient with thyroid carcinoma metastatic to the brain.Journal of Clinical Endocrinology
& Metabolism 84: 3867-3871
Reason for exclusion: small sample size

192. Vattimo A, Bertelli P, Burroni L (1992). Effective visualization of suppressed thyroid tissue by
means of baseline 9mTc-methoxy isobutyl isonitrile in compatison with 99mTc-pertechnetate
scintigraphy after TSH stimulation. Journal of Nuclear Biology & Medicine 36: 315-318
Reason for exclusion: not a thTSH study

193. Vischer CM, Foreman JH, Constable PD, Benson GJ, Kline KH, Freeman DE, Campbell KL,
Grubb TL (1999). Hemodynamic effects of thyroidectomy in sedentary horses. American Journal of
Veterinary Research 60: 14-21
Reason for exclusion: non-human study

194. Wartofsky L (2002). Using Baseline and Recombinant Human TSH-Stimulated Tg Measurements
to Manage Thyroid Cancer without Diagnostic (131) I Scanning. Journal of Clinical Endocrinology &
Metaholism. 87: 1486-1489
Reason for exclusion: editotial

195. Weigel R] (1996). Advances in the diagnosis and management of well-differentiated thyroid
cancers. Current Opinion in Oncology 8: 37-43
Reason for exclusion: review

196. Weintraub BD, Szkudlinski MW (1999). Development and in Vitro characterization of human
recombinant thyrotropin. Thyroid 9: 447-450
Reason for exclusion: review

197. Weider S, Basina M, Hershman JM (2001). Utilization of thyrogen. Thyroid 11(11): 1083
Reason for exclusion: letter

198. Wemeau JL (2002). Hypothyroidism in adult. Revue du Pratiden 52: 423-426
Reason for exclusion: review

199. Wenisch HJC, Schumm-Draeger PM, Encke A (1992). In vivo effects of TSH, TSH-receptor
antibodies, and intetferon-alpha-2b in xenografted human thyroid carcinoma. Experimental &
Clinical Endocrinology 100: 48-50
Reason for exclusion: non-human study

200. Williams DW, Williams ED, Wynford-Thomas D (1988). Loss of dependence on IGF-1 for
proliferation of human thyroid adenoma cells. British Journal of Cancer 57: 535-539
Reason for exclusion: invitro study

201. Williams ED (1990). TSH and thyroid cancer. Hormone & Metabolic Research 23: 72-75
Reason for exclusion: review
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202. Yamada M, Satoh T, Monden T, Murakami M, Iriuchijima T, Wilber JF, Mori M (1992).
Influences of hypothyroidism on TRH concentrations and PreproTRH mRNA levels in rat

hypothalamus: A smple and reliable method to detect PreproTRH mRNA level. Neuroendocrinology
55:317-320

Reason for exclusion: non-human study

203. Zakarija M, De Forteza R, Maxwell M, Ghandur-Mnaymneh L (2001). Characteristics and clinical
cortelates of anovel thyroid-stimulating autoantibody. Autimmunity 32: 1-6
Reason for exclusion: not a thTSH study

204.Zou M, Shi'Y, Al Sedairy ST, Farid NR (1996). Gene usage and regulation of Gsalpha gene
exptession in thyroid cells. Endocrine 4: 277-282
Reason for exclusion: invitro study
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Appendix F Quality scoring

Table 29 Quality scoring scale for trials of rhTSH

Evaluation criteria Quality
score

Criteria for study validity
A. Was the test compared with a valid reference measure ?

The test was compared to different refe rence measures 0
The test was compared consistently to an imperfect reference measure/s 1
The test was compared consistently to a near perfect refere nce measure/s 2

B. Were the test and the reference standard measured independently (blind) of each other?
The test and reference standard were not measured indepe ndently of each other 0
The reference standard was measured independently of the test but not vice versa 1
The test was measured independently of the reference standard but not vice versa 2
3

The test was measured independently of the reference standard and the reference standard
independently of the test

C. Was the choice of patients who were assessed by the reference standard independent of the test results
(avoidance of verification bias)?

No 0
Partially 1
Yes 2

D. Was the test performed independently of all other clinical information?
No 0
Yes 1

E. Was the refere nce standard me asured before any interventions were started with knowledge of test results
(avoidance of treatment paradox )?
No 0

Yes 1

Additional validity criteria for studiescomparing tests
F. Were tests (test, reference standard and comparator) compared in a valid design?

Different tests done on different individuals, not randomly allocated 0
Different tests done on randomly allocated individuals 1
All tests performed on each individual 2

Criteriarelevantto the applicability of the results
G. The clirical problem

Not rep resentative of patient group reviewed (eg, a high/low percentage of patients with advanced 0
disease)

Partially representative of patient group (eg, a high/low prevalence of positive patients) 1
Representative of patient group (eg, disease prevalence approx imating the patient group in which the 2

test will be used)

Highly representative of patient group (eg, disease prevalence and severity neary identical to the 3
patient group in which the test will be used)
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Appendix G Study characteristics

Table 30  Characteristics of the five comparative trials included in the analysis of efficacy of the diagnostic use of rhTSH in thyroid cancer
Authors N Design Appropriateness of Appropriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to of scanning patient verification bias® intervention bias?
indication under review technique to selection biasP
Austr alian bias 2
practice
Haugen 229 Phase I, 142/229 (62.0% ) papillary Whole body: No Yes Reference = THT Yes Published results
e1tgagg (226) lprEslpe'ct:vel, ﬁpen- 40/229 (17.0% ) m!nimum 30 withdrawal scan. Concordance
(1999) abel tal wit | papillary/follicular minutes or Three scan evaluators Am 1 WBS
sequential diagnostic 140,000 counts were blind to diagnostic m
measurements 39/229 (17% ) follicular . . . 9 Concordant = 101 (890/ )
i 8/229 (3% ) Hurthle cell Spotimages: technique 0
Randomised to two ° o ; minimum 10-15 (evaluated in ‘pairs’) Discordant =12 (11%)
dosing regimens 49/229 (21% ) metastatic minutes or 60,000 thTSH scan superior=3 (3%)
Blinding: three disease counts for large THT withdrawal .
blinded evaluators field or 35,000 withdrawal scan superior

for 13| scans

Withdrawal rate:
1.3%

Ams: 2; 2 x thTSH
24 hours apartvs 3 x
thTSH 72 hours
apart; hTSH
followed by THT
withdrawal

83% previous radioiodine
therapy

Cancer stage
56% stage |
20% stage |l
17% stage IlI
7% stage IV

49% of patients tested
positive in one or both
scans

counts for small
field

=9(8%)

Evaluation results

Am | (Primary analysis,
successfuly ablated
patients):

Sensitivity = 87%
Specificity = 95%
Accuracy = 89%

PPV =98%

NPV =74%
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Authors N Design Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce
Ladenson 152 Phase Ill; Papillary = 112/127 (88% ) No details No Yes Reference = THT Yes Published results
etal (127) | Prospecfive, open- | g qieyiar = 121127 (9%) provided Large drop- withdrawal scan WBS alone:
(1987) 2be mfl }N(;-th iic | Hurthle cell = 31127 (2%) out rate Three scan evaluators Sensitivity = 6%%
Sequentlal diagnostic . _ were blind to diagnostic o
measurgments, 39 % had metastatic technique Specifidity = 96%
Blinding; three Isease ‘ (not clearif they were Accuracy =83%
blinded pvaluators 77% had previous evaluated in ‘pairs’) PPV =93%
for 131 scans radioiodine therapy NPV = 7800
Withdrayval rate: 49% of patients tested S
16.4% positive in one or both
Ams: 1JthTSH scans Serum Tg alone:
followeq by THT Serum Tg only measured in
withdrawal

Sites of radioiodine

concentrating tissue after
most recent surgery

No uptake = 3/127 (2.0%)
Thyroid bed 75/127 (59.0% )

Other cervical 34/127
(27.0%)

Intrathoracic 10/127 (7.9%)
Skeletal
5127 (3.9%)

35 patients. Serum Tg
measured at sub-optimal time
point and in separate testing
facilifes

Tg & scan:

not reported

Evaluation results (metastatic
disease WBS alone class 22)

Sensitivity = 60%
Specifidty = 95%
Accuracy = 92%
PPV =46%
NPV =97%
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Authors N Design Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce
Mazzafem 107 Retrospective study | Typicd papillary carcinoma | Imaging was No No. The No. hTSH test results No Published results/evaluation
and Kloos with a combination of | (71% ), variant (9% ), tall cel | performed with reference were used to determine results
(2002) variable reference (2%)), or Hurthle cell variant | 3.8-5.1 mCi standard follow up tests hTSH T
standards (1%). (141-189 MBq) varied SHserum Tg
. i 131] between (>2.0 ng/mL)
Papillary carcinomas; or : . Sensitivity =100 %
typical follicuar (11% ) or Images were patients Sens!gv!ty — ot °
Hurthle cell (6% ) carcinoma | obtained using a pecificity = 91%
. . Picker Prism XP Accuracy =92%
2 patients had distant PPV = 55%
. camera. ?
metastases when thyroid NPV =87%
cancerwas inifally WBS with anterior
diagnosed. and posterior
views were TSHWBS

Patients with papilary or
follicular thyroid cancer who
had undergone thTSH
testing were studied if,
before rhTSH testing, they
had been free of disease on
the basis of clinical

ex amination and had one or
more undetectable orlow
serum Tg measurement
taken while receiving
thyroid hormone therapy.
All had previously
undergone Dx WBS and
RxWBS after initial ablation,
chest X-ay.

performed at a
scan speed of
5.23 cm/min

Sensitivity = 27%
Specificity = 91%
Accuracy = 84%
PPV =25%
NPV =95%
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Authors N Design Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce

Pacini et 72 Prospective study Patients withwell Scan speedwas | Consecutive | All patients Reference standard Yes Evaluation results
al, (2001) with sequential differentiated thyroid cancer | 10 cm/min, witha | patients received the | serum Tgand WBS in thTSH Serum Tg (<L.0

diagnostic (66 papillary and 6 total count of at thTSHTg hypothyroid patients. ngimL)

interventions (thTSH | follicular), previously treated | least 100,000 testandthe | Notreported if WBS AP

and Tg, then THT with near-total cpm. Imaging was THT evaluation was blinded Sens!tlv!ty B 74/"0

withdrawal WBS and | thyroidectomy and 131-I perfoomed 72 h withdrawal Spemﬂclty_: 12“’

Tg) thyroid ablation, scheduled | after the Tgand ég‘i/“r_a%o'o /85/°

for routine diagnostic WBS | administration of a WBS NPV ; 73% o

regardless of any clinical
suspicion of metastatic
disease.

Admission criteria were: an
undetectable (<1 ng/mL)
serum Tg on T4 suppressive
therapy, and negative anti-
Tg antibodies at the time of
inclusion.

4 mCi tracer dose
radioiodine.
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Authors N Design Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce
Robbins et 128 Retrospective, open- | hmTSH WBS Yes, all N/A to this Reference standard = Retrospective Published results®
al (2001) (thTSH) | label, parallel cohort 0 ’ 8 cm/minute subsequent design clinical status, either design increases
and study 87% plaplllary 10 minute neck patients in metastatic (MET) or no likelihood of :TSH.V.VB§ 6
Not rando mised 8% follicular views 1998-99 evidence of disease different ensitivty = 6%
161 . ; 23% had distant were included (NED) interventions Specificity = 100%
(THT (patient chose either o had distant . Accuracy = 83%
i | MTSHor THT metastases within the first 3 but bias between amns. 11 5o, 00/
with- Withdrawal) months of cancer diagnosis introduced by o patlents excluded NPV = 71%
drawal) . allocation to MET criteria: in whom clirical B
Blinding: 51% had evidence of
Inding: na Metastatic thvroid cancer parallel 1. Suppressed Tg > status could not be
Withdrawal: na ] yro groups 2 ug/mL with abnommal | assigned THT withdrawal WBS
Ams: 2: hTSHvs g;ﬁazzd no evidence of radiographic result Sensitiv?ty =80%
THT withdrawal _ 1. Patients 2. Suppressed Tg Specificity = 93%
37% had thyroid bed recruited in >10 pg/mL with prior Accuracy = 84%
uptake only 1998 had fo metastatic disease PPV =96%
. = 0,
59% received 'l meet FDA 3. Low Tg but positive NPV =67%
treatments prior to study criteria (ie, post-therapy scan
enrolment can't elevate 4 Positive PET scan thTSH Tg (>2 ng/mL)
endogenous ' e
TSHwith Sens!tlv!ty : 86%
Cancer stage Specifidty =82%
Stage | = 449 THT Thyroid bed only (TB) Accuracy = 84%
St:gz e Wlﬂ?d’awti' or patients were shown PPV =87%
gel' = on Intolerant to separately, and NPV = 80%
Stage Ill =26 ({" hypo- - excluded from main
Stage IV = 16% thyroidism analysis (15% and 40% )

THT withdrawal

81% papilary

7% follicular

18% had distant
metastases within the first 3
months of cancer diagnosis

THT withdrawal Tg (>2
ng/mL)

Sensitivity = 7%%
Specifidty = 8%%
Accuracy = 82%

PPV =95%

NPV =62%
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Authors Dekign Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce
Robbins et 45% had evidence of 2. Patients thTSHWBS or Tg (>2 ng/mL)
al (2001) metastatic thyr9|d cancer recruited in Sensitivity = 98%
cont. 17% had no evidence of 1999 Specifidty = 82%
disease ' believed THT Accuracy = 92%
12% had thyr0|d bed withdrawal PPV = 89%
uptake only better; ma =979
49% received ®| not have Y NPV =97%
treatments prior study chosen
enrolment TSH if not THT withdrawal WBS or Tg
insured; may (>2 ngimL)
Cancer stage have Sensitivity - 962/0
Stage | = 45% presented Specificty = 81%
ot g = 16"; already Accuracy =92%
tage lll = 23% bias toward NPV =88%
Stage IV =15% thTSH if bad
hypo- . ¢
thyroidism Evaluation results
symptoms or thTSH WBS
had already Sensitivity = 7%
ex perienced Specifidty = 100%
previous THT Accuracy = 85%
withdrawal PPV =100%
Exclusion of NPV =71%
Thyroid bed
?nly Patile"t_s THT withdrawal WBS
rom analysis I
may bias Sens!tlv!ty = 8%%
results Specifidty =93%

Accuracy =90%
PPV =98%
NPV =65%
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Authors Design Appr opriateness of Appr opriateness Avoided Avoided Avoided measurement Avoided Sensitivity and specificity
patient population to ofscanning patient verification bias® inter vention bias¢
indication under review technique to selection biasP
Australian bias @
practce
Robbins et thTSH Tg (>2 ng/mL)
al (2001) Sensitivity = 76%
cont.

Specificity = 82%
Accuracy = 78%
PPV =88%
NPV =67%

THT withdrawal Tg (>2
ng/mL)

Sensitivity = 70%
Specifidty = 8%%
Accuracy =92%

PPV =97%

NPV =39%

thTSHWBS or Tg (>2 ng/mL)
Sensitivity = 9%%

Specifidty = 82%

Accuracy =93%

PPV =90%

NPV =97%

THT withdrawal WBS or Tg
(>2 ng/mL)

Sensitivity = 98%
Specificty =81%

Accuracy =95%

PPV =96%

NPV =88%

Abbreviations: FDA, Food and Drugs Administration; PET, positron emission tomography; PPV, positive predictive value; NPV, negative predictive value; Tg, thyroglobuin; THT, thyrod hormone therapy; DXWBS, diagnosic whole
body scanning; RXWBS, therapeutic whole body scanning; WBS, whole body scanning.

aConsecufve attendees.

big, did all patientsgetboth testsirrespective of results?

Valid reference standard? Testand reference standard measured independently of each other? Independent of oter clinical information?
dAny intervention that could have impacted on either the testor refelence standad results.

eExcluding patients with thyroid bed uptake
fincluding patients with thyroid bed uptake




Appendix H Radioiodine uptake
classification system

Table 31 Radioiodine WBS uptake classification system

Description Class Criteria

No uptake 0 No evidence of post-thyroidectomy thyroid re mnant, well
differentiated thyroid cancer within the thyroid bed, or metastases

Uptake limited to thyroid bed 1 Evidence of weldifferentiated thyroid cancer or persistent
remnant limited to the thyroid bed

Uptake outside the thyroid bed but limited to 2 Evidence of welldifferentiated thyroid cancer — local metastases

the neck region (ex clusive of class 1)

Uptake evident 2A Solitary focus of uptake

Uptake evident 2B Multiple foci of uptake

Uptake in the chest 3 Evidence of distant metastases

3A Uptake in mediastinum but not in the lungs
3B Nodular foci of uptake in the lungs

3C Diffuse uptake in the lungs

3D Any combination of 3A, 3B and/or 3C

Uptake outside of the neck and chest areas 4 Evidence of distant metastases

4A Solitary focus in the skeleton

4B More than one focus in the skeleton

4C One ormore foci of uptake in the liver tissue
4D One or more foci of uptake in the brain tissue
4E Any combination of 4A or 4B with 4C or 4D
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Appendix |

rhTSH and WBS in the
detection of metastatic disease

Secondary evaluation: use of rhTSH in conjunction with WBS alone to detect
metastatic disease

Evidence relating to the effectiveness of thTSH use for the detection of metastatic
disease by radioiodine WBS alone was available from two studies (Haugen etal 1999)
(Table 32) (Ladenson et al 1997). As noted previously, the assessment of radioiodine
WBS was performed in a blinded fashion in both of these studies. Therefore, the
radioiodine WBS assessments for both studies were classified as level 2 evidence.

Table 32 rhTSH/THT withdrawal effectiveness in the detection of metastatic disease by WBS
Trial WBS Testing Sensitivity ~ Specificity  Accuracy PPV NPV
metastatic disease mode
positive definition
Haugen Class 22 thTSH 80% ** 100% 98% 100%  98%
(1999) Class > 2 THT 100% 100% 100%  100% 100%
withdrawal
Ladenson Class =2 thTSH 60% * 95% * 92% 46% 97%
(1997) Class 22 THT 100% 100% 100%  100%  100%
withdrawal

Abbreviations: THT, tyroid hormone therapy; WBS whole body radioiodine scan; PPV, postive predictive value; NPV, negative predictive
value

*Denotesa significant difference between hTSH and THT withdrawal (p <0.05) (method 10 of Newcombe (1998)).

**Denotes a significant difference between tTSH and THT withdrawal (p < 0.01) (method 10 of Newmmbe (1998)).

When WBS is used alone to detect metastatic disease, and a patient with metastatic
disease is defined as one with a WBS dass of = 2, the sensitivity of thTSH was in the

range 60—80 per cent, and the specificty was 95-100 per cent.
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Appendix J Assumptions in the modelled

economic evaluation

Tables 33 and 34 present the assumptions used in the primary assessment economic

model.

Table 33

General assumptions incorporated into the model

Assumption

Rationale/source

The model terminates after 5 years

This assumption simply serves to limit an otherwiseinfinite process. Ex pert
opinion agreed that a 5-year period would be likely to capture most of the
costs and effectiveness of the diagnostic procedure

A patient ex ifs after three consecutive negative
results

Assumption. A patient with three consecutive negative results has alow
probability of recumence

A patient with a true-positive result is
successfuly treated with an average of 1.5
treatment courses

Ex pert opinion

A patient with a false-positive result is
successfuly treated with one treatment course

As the patient is being treated for a disease they do not have, they will be
cured after the first treat ment

There is perfect compliance with the first post-
treatment scan

Patients have not yet had confiration of the success of initial treatment
and therefore perfect compliance is assumed (only applies to secondary
assessment model)

A patient in the thTSH arm who requires
treatment, must undergo THT withdrawal prior
to therapeutic use

thTSH is not cumently indicated for therapeutic use in Australia

Costs and utilities are discounted at 5% pa

Convention

Abbreviation: THT, thyroid hormone terapy.
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Table 34 Assumptions regarding costs incorporated into the model

Assumption Rationale/source

100% of patients receive a Tg antibody test ~ Best practice
with a serum Tg test

A patient in the THT withdrawal am of the Ex pert opinion
model receives a TSH measurement an
average of 1.1 times perwithdrawal

100% of patients comply with testing in the Hypothyroidism is avoided

hTSH am of the model

80% of patients comply with testing in the THT Ex pert opinion. Patients choose not to comply due to hypothyroidism. This
withdrawal am of the model assumption is tested in the sensifvily analysis

10% of true-positive patients receive a A proportion of those facing a second course of treatment before continuing
icompletion thyroidectomy as part of their on through the model will require further surgery, as initial surgery was
follow-up treatment, when they test positive ~ incomplete

again

50% of patients undertake T3 replacement Ex pert opinion

therapy

95% of disease-negative patients in the hTSH Haugen et al (1999)
larm receive a true-negative result

87% of disease-positive patients in the hTSH Haugen et al (1999)
lamm receive a true-positive result

The accuracy of the diagnostic procedure in the Assumption. Thisis discussed in the dinical secfion of this submission. An
THT withdrawal am is perfect adjusted accuracy is tested in the sensitivity analysis

The entire 50% of patients not undertaking T3 Expert opinion
replacement thera py remain on T4 for 2 weeks
into the 6-week ‘withdrawal' period

Those remaining on T4 for the additional 2 MIMS 2002 (maintenance dose 100-150 mg/day)
weeks receive 100 mg/day of T4

Of those disease-positive patientswho do not  Assumption
icomply with further testing, an average of 50%

remain in a state of having asymptomatic

disease, 40% progress to symptomatic disease

(usually metastatic) and 10% die, over the 5-

year modelled period

Of those disease-negative patients who do not Assumption
icomply with further testing, an average of 98%

remain disease-negative, 1% relapse into

having asymptomatic disease, 0.8% move to

symptomatic disease and 0.2% die, over the

5-year modelled period

Those patients who exit after three consecutive Assumption
negative scans do not relapse within the 5-year
duration of the model

Abbreviations: THT, tyroid hormone therapy; Tg, thyroglobuliin; Ts, liothyronine sodium; Ts, thyroxine sodium; TSH, thyroid-stimulating
hormone.

100

rhTSH: diagnostic agent for well-differentiated thyroid cancer



Appendix K Secondary modelled economic
evaluation

A secondary modelled economic evaluation has been undertaken (Figures 8 and 9)
which has a number of differences from the model appearing in the main body of the
submission. The major difference is that this model includes the first post-treatment
diagnostic follow-up test, so patients no longer enter the model only after one negative
diagnostic follow-up result.

The second difference is that patients in the thTSH arm are assumed to be receiving
rhTSH for all diagnostic follow-ups, including the first post-treatment follow-up. The
only time at which a patient in the thTSH arm will undergo THT withdrawal is for
treatment'' itself. Another modification made in the secondary model is that the
probability of a patient being disease-or remnant-positive is higher in the initial post-
treatment scan. The probability is assumed to be 0.5. A further difference is that the
secondary model assumes perfect compliance in both arms at the time of the first follow-
up test. At subsequent follow-up tests, the compliance in the THT withdrawal arm
reduces, in the same manner as it did in the primary model.

Finally, different utilities have been used for patients receiving their initial post-treatment
follow-up. These utilities were derived from all patients in Haugen et al (1999) (see
Table 18). However, once a patient moves beyond this initial follow-up, the utilities
revert to those used in the primary economic evaluation. Refer to Table 35 for the
altered utilities and Table 20 for the utilities reverted to after the initial follow-up.

Table 35 Utilities of patients in first post-treatment diagnostic scan

Health state Utility Rationale/source

A patient in the pre-treatme nt (baseline) stage 0.842 Derived from SF-36 survey
A patient in the withdrawal stage 0.653 Derived from SF-36 survey
Those patients who are currently receiving rhTSH treatment 0.834 Derived from SF-36 survey

aHealth uflities for these health states were demved from the semndary assessment (all patients) (Table 18).

The secondary modelled economic evaluation produced a cost-effectiveness ratio that
was ‘dominated’ by the current method of THT withdrawal. This means that despite
using a decision-analytic model that incorporates all the health outcome advantages of
rhTSH, it was shown to have worse effectiveness than THT withdrawal, while also
having a higher cost. This was driven by poor results in terms of both cost and
effectiveness in the thTSH arm of the model. Furthermore, even when the sensitivity
and specificity of thTSH and THT withdrawal were assumed to be equal (100 per cent),
the cost-effectiveness ratio of the model remained ‘dominated” by THT withdrawal.

"hTSH is not currently registered for therapeutic use in Australia.
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The costs increase in both arms of the model because an additional diagnostic follow-up
test occurs at the start of the model. Moreover, the increased probability of being
disease-positive adds even more cost, as there is a greater likelihood of a patient requiring
further treatment than there is in the primary evaluation. The added fact that thTSH can
lead to false results and, therefore, unnecessaty treatment/follow-up tests, means that the
cost in the thTSH arm increases by a greater amount. Consequently, the incremental cost
increases significantly.

In terms of effectiveness, there is a reduction in the health utility values in both arms of
the model due to the presence of the additional diagnostic follow-up and the increased
likelihood of additional treatment. However, the poorer accuracy of thTSH and the
consequential increase in treatment lowers the utility value of the thTSH arm to such an
extent that it falls below that of the THT withdrawal arm. Furthermore, in the THT
withdrawal arm at the first follow-up test, there is no disease progression secondary to
non-compliance, because non-compliance was not applied until the second follow-up
test. Together, these factors cause the incremental effectiveness to become negative.

Because rhTSH is both more costly and less effective than THT withdrawal in the
secondary model, it is said to be ‘dominated by the THT withdrawal arm. Consequently,

it should not be recommended for use in patients at such an early stage of diagnostic
scanning,
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Appendix L  Indirect cost analysis

In addition to the direct costs of diagnostic scanning, it is useful to consider the potential
ramifications of cost-offsets arising from lost productivity. Productivity losses are likely
to occur within the economy because some patients are unable to carry out their ordinary
tasks of employment when withdrawing from THT. Evidence from the literature
(Nijhuis et al 1999) indicates that 59% of productive time is lost over the duration of
withdrawal This equates to 3.54 weeks out of the total 6-week withdrawal period.

In order to determine the exact level of productive loss, the charactetistics of the patient
population must be taken into account. As the vast majority of thyroid cancer victims are
of working age, it is reasonable to assume that their employment characteristics are
similar to the rest of the population. That is, a normal labour force patticipation rate
(ABS 2002b) is assumed. It is then necessary to weight average weekly earnings (ABS
2002a) to take account of the skewness of the patient population toward females.

In calculating the indirect costs, the ‘friction cost method’ is adopted. This method
recognises that not all work days lost are productive work days, and assumes that 80% of

all work days are productive (Brouwer and Koopmanschap 1988).

The components of the calculation are itemised in Table 36.

Table 36 Components of indirect costs

Weeks of work lost 3.54

Productive work weeks lost 2.832 A

Proportion of fe male patients 74.38%

Female average total weekly eamings $541.70

Weighted female weekly eamings $402.93 B

Proportion of male patients 25.62%

Male average total weekly eamings $821.80

Weighted male weekly eamings $210.52 C

Participation rate 63.60% D

Productive loss per patient $1104.92 =B+C)xAxD

This productive loss per patient can be considered as an additional cost associated with
each withdrawal scan, whether it be in the withdrawal arm or the first post-treatment
scan in the thTSH arm. The indirect cost does not apply when using thTSH, because the
patient is not rendered hypothyroid in these circumstances.

Adding the productive loss per patient into the costs contained in the model reduces the
marginal cost from $51,344.42 to $34,035.58. This results in an improvement in the
incremental cost-effectiveness of thTSH, at $17,308.84 per QALY.
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Abbreviations

ATHW
DOR
EU
FDA
P
MSAC
M-TAG
NHMRC
NPV
PBS
POMS
PPV
QALYs
QOL
thTSH

RPBS

THT
withdrawal

TSH

WBS

Australian Institute of Health and Welfare
Diagnostic odds ratio

European Union

Food and Drug Administration

Radioiodine

Medical Services Advisory Committee

Medical Technology Assessment Group Pty Ltd
National Health and Medical Research Council
Negative predictive values

Pharmaceutical Benefits Schedule

Short form Profile of Mood Scale

Positive predictive values

Quality-adjusted life-years

Quality of life

Recombinant human thyroid-stimulating hormone
Repatriation Pharmaceutical Benefits Schedule
Liothyronine sodium

Thyroxine sodium

Thyroglobulin

Therapeutic Goods Administration

Periodic thyroid hormone therapy withdrawal

Thyroid-stimulating hormone

Radioiodine whole body scanning
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