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ABSTRACT

Objective: The treatment of individuals with differentiated thyroid carcinoma (DTC)
includes thyroidectomy followed by radioiodine (13!1) ablation. For treatment effective-
ness, elevated TSH levels are essential, which can be achieved through thyroid hormone
withdrawal for 4-6 weeks after thyroidectomy. However, considering the limitations of
withdrawal, the use of recombinant human TSH (rhTSH) could be an alternative. This
study aims to evaluate whether rhTSH is cost-effective compared to the induction of en-
dogenous hypothyroidism (IHE) by levothyroxine withdrawal, from the societal perspec-
tive. Methods: A cost-utility analysis was conducted following the Brazilian Ministry of
Health’s guidelines, using a Markov model with four health states (pre-ablation, ablation,
post-ablation, and recovered). A 17-week time horizon (weekly cycles) was adopted from
the societal perspective, including direct and indirect costs. Effectiveness was measured
in quality-adjusted life years (QALYs). Probabilistic and deterministic sensitivity analy-
ses were also performed. Results: The results showed that rhTSH treatment provides
greater clinical benefit (0.2687 vs. 0.2602 QALYs) at an incremental cost (R$ 4,762
vs. R$ 4,135), with an incremental cost-utility ratio (ICUR) of R$ 73,662/QALY gained.
The most impactful factors were the cost of rhTSH, lost workdays, and utility values.
Conclusion: The findings suggest that rhTSH offers greater clinical benefits, spite of
additional costs and could be a cost-effective alternative depending on the willingness-to-
-pay threshold for society’s perspective. Brazil did not recommend a willingness-to-pay
threshold for this perspective and if it coincided with the threshold adopted for the SUS,
rhTSH would be cost-effective for a threshold of R$120,000/QALY gained.

Keywords: Thyroid Neoplasms; Thyrotropin Alfa; Cost-Effectiveness Analysis; Quality-
-Adjusted Life Years

RESUMO

Objetivo: O tratamento de individuos com carcinoma diferenciado de tireoide (CDT) inclui
a tireoidectomia, seguida pela ablagao com radioiodo (*3!l). Para a eficécia, é fundamental
que os niveis de TSH estejam elevados, podendo ser alcangado pela interrupgéo do hormo-
nio tireoidiano por 4-6 semanas apds tireoidectomia. Porém, considerando as limitagoes
da interrupgéo, o uso de TSH humano recombinante (rhTSH) seria uma alternativa. Este
trabalho avalia se rhTSH é custo-efetivo comparado a indugéo de hipotireoidismo enddge-
no, sob a perspectiva da sociedade. Métodos: Foi realizada uma analise de custo-utilidade
utilizando modelo de Markov com quatro estados de salide (pré-ablagéo, ablagéo, pés-a-
blacéo e recuperado), para horizonte temporal de 17 semanas (ciclos semanais), incluindo
custos médicos diretos e custos indiretos. A efetividade foi mensurada em anos de vida
ajustado pela qualidade (QALY). Também foram realizadas analises de sensibilidade pro-
babilistica e deterministica. Resultados: Os resultados indicaram que o tratamento com
rhTSH oferece maior beneficio clinico (0,2687 vs 0,2602 QALYs) a um custo incremen-
tal (R$626,50), com razdo de custo-utilidade incremental (RCUI) de R$ 73.662/QALY
ganho. Os fatores mais impactantes foram o preco do rhTSH, dias de trabalho perdidos e
utilidade. Conclusao: Conclui-se que o rhTSH oferece maiores beneficios clinicos, apesar
dos custos adicionais, e pode ser uma alternativa custo-efetiva dependendo do limite de
disposicao a pagar para a perspectiva da sociedade. O Brasil ndo recomendou um limite
de disposicéo a pagar para essa perspectiva e, se coincidisse com o limite adotado para o
SUS, o rhTSH seria custo-efetivo para um limite de R$ 120.000/QALY ganho.
Palavras-chave: Neoplasias da Glandula Tireoide; Tirotropina Alfa; Andlise de Custo-Efe-
tividade; Anos de Vida Ajustados por Qualidade de Vida
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Introduction

Differentiated thyroid carcinoma (DTC) origi-
nates from the follicular or papillary cells of the thy-
roid, that play the role of producing and releasing
hormones. DTC accounts for 90% of thyroid cancer
cases, being the most prevalent endocrine malignant
neoplasm worldwide.!

In recent years, although the worldwide inci-
dence of DTC has increased, ranging from 1.2 to 2.6
cases per 100,000 men and from 2.0 to 3.8 cases per
100,000 women annually, patient survival remains
high, especially when diagnosis and treatment are
carried out early,’” with annual mortality rate is
0.5/100,000 in men and women.??

The initial treatment of DTC is thyroidectomy,
which involves the total or subtotal removal of the
thyroid gland, depending on the extent of the tumor.
After surgery, depending on the risk classification
and the presence of residual tissue or metastasis, ra-
dioablation with *'I (radiodine), aiming to destroy
any remaining thyroid cells and reduce the risk of
recurrence. The combination of these therapies of-
fers a favorable prognosis, with high rates of surviv-
al and control of the disease, especially when per-
formed early and adequately.®

To optimize radioiodine uptake, it is neces-
sary to obtain elevated TSH levels, which can be
achieved by temporarily stopping thyroid hormone
replacement. However, this conduct can lead to the
development of hypothyroidism, which impairs
the quality of life of patients. In this context, re-
combinant human thyrotropin (thTSH) emerges
as an effective option, allowing thyroid hormone
replacement and minimizing the adverse effects of
the procedure that has a significant impact on ab-
senteeism.%® Thus, this study was conducted to de-
termine whether rhTSH is cost-effective compared
to the induction of endogenous hypothyroidism by
levothyroxine suspension, from the perspective of
society. The adoption of this perspective is justified
by the fact that one of the main benefits linked to
the use of rhTSH is the reduction of indirect costs,
especially those resulting from absenteeism, which
are not contemplated by the perspective of the
Unified Health System (SUS). Thus, the approach
from the perspective of society makes it possible

to estimate the economic impact of technology in
a more comprehensive way, incorporating both di-
rect medical and indirect costs.

Methods

The economic analysis was carried out accord-
ing to the recommendations of the Methodological
Guidelines for Economic Evaluation of the Ministry
of Health (MS).

The target population for this analysis was adults
diagnosed with DTC who require the use of ra-
dioiodine. The perspective of society was adopted,
considering that the main objective of thTSH is to
reduce the impairment in quality of life and, conse-
quently, absenteeism.

For this analysis, thTSH (alpha-thyrotropin)
was considered as an intervention. This is indicated
for use as an adjunct treatment for radioiodine ab-
lation of remaining thyroid tissues in patients who
have undergone total or subtotal thyroidectomy for
well-differentiated thyroid cancer.® The comparator
consists of the interruption of the use of levothyrox-
ine, inducing endogenous hypothyroidism (causing
physiological increase in TSH).!

The time horizon established for the model was
17 weeks, considering cycles with weekly duration.
The choice was established according to identified
clinical trials,''"? that evidenced the short-term
benefit (1 month after ablation) of the evaluated
technology and in accordance with other studies of
economic evaluation in the literature that demon-
strated that this period is sufficient to capture the
differences in resources used and associated costs
between the 2 arms of the model.??* In addition,
no discount rate was applied for costs and out-
comes, as recommended by the MH Methodolog-
ical Guidelines for Physical Health for short-term
studies.?

Model

A Markov model was developed with four health
states in order to capture the benefits, consequenc-
es and costs from the beginning of thyroidectomy
treatment to the patient’s complete recovery (after
17 weeks).
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The health conditions covered were: (1) pre-abla-
tion, (2) ablation, (3) post-ablation, and (4) recovery
(Figure 1). The (1) Pre-ablation state refers to the
phase in which the patient undergoes a successful
thyroidectomy and prepares for ablation. The dura-
tion of this state can vary from one week (for the
intervention) to four weeks (mean identified for the
comparator in the literature studies).?-? In state (2)
Ablation, the patient undergoes the radioiodine ab-
lation procedure, lasting one week for both groups.
The (3) Post-ablation status represents the recov-
ery period in which the utility weights have not yet
reached the level of complete recovery, reflecting a
gradual recovery of the patient over eight weeks. Fi-
nally, the (4) Recovered status corresponds to the
phase in which the patient has already fully recov-
ered from thyroidectomy and ablation procedures.
It is important to note that the model does not allow
patients to return to their previous health status.

Furthermore, for both groups evaluated (rhTSH
or levothyroxine suspension), It was assumed that
thyroidectomy was successful, since clinical studies
in the literature '“41517:1820 jpndicated a success rate
greater than 90% and did not observe significant dif-
ferences between the technologies evaluated for this
outcome.

The result is presented as the incremental cost-ef-
fectiveness ratio (RCEI) calculated by the difference
between the costs and outcomes of the interventions
(incremental actuals per year of life adjusted for in-
cremental quality - R§/QALY).

QOutcomes

The outcome used to measure effectiveness in
the model was the number of quality-adjusted life
years (QALY). As no national studies were identi-
fied that provided specific utility data for DTC, util-

ity estimates for each model cycle were drawn from a
meta-analysis published by the National Institute for
Health and Care Excellence (NICE).” In this analy-
sis, the agency converted data obtained through the
Medical Outcome Study Short Form 36 (SF-36) into
utility weights.

Additionally, the average reported utility for
the Brazilian population between 40 and 44 years
of age is 0.817+0.179%, a value lower than that ob-
served in the meta-analysis conducted by NICE?
for patients with DTC. To adjust for this discrep-
ancy, the utility value was recalibrated considering
the EQ-5D-3L health utility score for the English
population?® and adjusted for the Brazilian popu-
lation according to the calculation presented in
appendix 2 of the material published by the Min-
istry of Health? (multiplier factor = utility of the
Brazilian population divided by the utility of the
general population of the country of origin of the
cohort for which the utility of health status was
measured). The utilities adopted in the model are
presented in Figure 2.

Costs

For the analysis, direct medical costs and indi-
rect costs were considered. The direct costs included
hospital and outpatient expenses, including proce-
dures, exams and patient monitoring, according to
the guidelines of the PCDT of DTC. The indirect
cost included referred to the loss of productivi-
ty, measured by absenteeism, that is, absence from
work due to health problems related to the disease or
treatment with rh'TSH and levothyroxine discontin-
uation. Further details of the costs included are pre-
sented in Table 1. All values were obtained in reais
(BRL, R$) and reflect February 2024 prices, without
conversion to other currencies.

Figure 1. Conceptual model of economic evaluation considering health states.
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Figure 2. Utility values used in the model.
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Source: Adapted from National Institute for Health and Care Excellence (NICE) 23.

Sensitivity analysis

Probabilistic sensitivity (PSA) and univariate
deterministic (tornado diagram) analyses were per-
formed). In the PSA, 1,000 simulations were con-
ducted, simultaneously varying all parameters ac-
cording to statistical functions widely accepted in
the literature: beta distribution for variables with
values between 0 and 1 (such as proportion, utility
parameters) and gamma distribution for variables
with values from 0 to infinity (such as costs, days
of lost work). The results were presented in scatter
plots in incremental cost-effectiveness plans and in
cost-effectiveness acceptability curves (CEAC), ac-
companied by descriptive analysis. Univariate de-
terministic analysis was presented by tornado dia-
gram, in which the variation of each parameter was
defined based on data available in the literature; in
the absence of these, a standard variation of =20%
was applied. For costs based on the table of the Man-
agement System of the Table of Procedures, Medi-
cines - SIGTAP the values were multiplied by the
correction factor of 2.8.%°

Assumptions and limitations

Some premises and limitations inherent to the
construction of the economic model should be high-
lighted. First, due to the scarcity of national data,
some parameters were obtained from international
studies, which may not fully reflect the reality of
Brazil, introducing uncertainties to the model. To
minimize the impact of this limitation, adjustments
were performed when possible and sensitivity anal-
yses were performed to assess the robustness of the
results in the face of variations in these data.

The length of stay in each stage of the model
was defined based on the means reported in the
studies used. Direct costs were defined based on
the PCDT for DTC, but do not necessarily reflect
the way clinical management is conducted in dai-
ly practice, and there may be variations in reality.
While these approaches standardize the model, it
is recognized that they may not capture individual
patient variability; therefore, sensitivity analyses
were conducted to explore the effect of different
durations on the results.
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Table 1. Direct and indirect costs included in the economic analysis

Amount Quantit Quantity - Induction of Variation
Resource used* rhTSHy endogenous hypothyroidism | (minimum Source
(in R$) (i.e., LT suspension) -maximum)
Pre-Ablation
. R$ 451.37- SIGTAP/DATASUS
Total thyroidectomy 451.37 1 1 R$ 1,263.85 (04.02.01.004-3)
Thyrostimulating hormone 8.96 1 1 R$ 8.96- SIGTAP/DATASUS
(TSH) dosage ' R$ 25.09 (02.02.06.025-0)
Free Thyroxine Dosage 11.60 1 1 R$ 11.60 - SIGTAP/DATASUS
(T4 Free) ' R$ 32.48 (02.02.06.038-1)
Thyroglobulin Antibody 17.16 1 1 R$ 17.16- SIGTAP/DATASUS
Dosage ’ R$ 48,05 (02.02.03.062-8)
1 + Consultations related
. ) to the management R$ 10.00- SIGTAP/DATASUS
Conventional consultation | 10.00 ! of manifestations of R$28.00 | (03.01.01.007-2)
hypothyroidism!
o . SIGTAP/DATASUS
2 —
hrTSH administration 0.00 2 (03.01.10-020-9)
) R$ 1,366.46- )
rhTSH - Alphathyrotropin 1,821.95 2 R$ 2.277.44 BPS - Lowest Price
Ablation
T4 therapy - Levothyroxine R$ 0.07° 1 100 mg/day L 0.05-0.08 BPS - Lowest Price
per day tablet
DTC iodotherapy RS 443.79 atgﬁg"g'ﬁ; :’Sfe 4. | Proportion of patients who | R$ 443.79- | SIGTAP/DATASUS - SIA
(30 mCi) - Ambulatory ' P 1539 ¢ ’ used: 15.3% 4 R$ 1,242.61 (03.04.09.005-0)
CDT iodine therapy (50 mCi | oo 14 20 atiﬁg"xﬁ;ge 4. | Proportion of patients who | R$ 614.70- | SIGTAP/DATASUS - SIA
- Outpatient ' P 18.99+ ’ used: 18.9%* R$ 1,721.16 (03.04.09.006-9)
CDT lodine Therapy R$ 1,071.90 atiF;rr?tzo\:\t:?:l?;ed- Proportion of patients who | R$ 1,071.90- | SIGTAP/DATASUS - SIH
(100 mCi) - Hospital ' ' P 65.09%¢ ’ used: 65,9%* R$ 3,001.32 (03.04.09.002-6)
Hospital admission for . )
administration of CDT iodine | R$ 976.62 A"erageldf'lly rates: | average daily rates: 1,11 R1$ 2927 3'7672' DATASUS - SIH
therapy (100 mCi) ’ ! '
Whole field scanning with R$ 338.70- SIGTAP/DATASUS
radioiodine R$338.70 L ! R$ 948.36 (02.08.03.004-2)
Thyrostimulating hormone 8.96 1 1 R$ 8.96- SIGTAP/DATASUS
(TSH) dosage ' R$ 25.09 (02.02.06.025-0)
Free Thyroxine Dosage 11.60 1 1 R$ 11.60 - SIGTAP/DATASUS
(T4 Free) ' R$ 32.48 (02.02.06.038-1) -
) ) R$ 10.00-R$ SIGTAP/DATASUS
Conventional consultation R$ 10.00 1 1 28.00 (03.01.01.007-2)
Post-Ablation
Dose of 2.6 ug/kg/day
T4 therapy - Levothyroxine 3 1 tablet of for 7 days®and then the R$ 0.05- i
per day R$ 0.07 100 mg/day maintenance dose (100mg/ R$ 0.08 BPS - weighted average
day) was considered
Whole field scanning with R$ 338.70- SIGTAP/DATASUS
radioiodine R$338.70 1 1 R$ 948.36 (02.08.03.004-2)
Thyrostimulating hormone 3411 1 1 R$ 8.96- SIGTAP/DATASUS
(TSH) dosage ’ R$ 25.09 (02.02.06.025-0)
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Amount Quantit Quantity - Induction of Variation
Resource used* - endogenous hypothyroidism |  (minimum Source
. rhTSH . . .
(in R$) (i.e., LT suspension) -maximum)
. R$ 11.60 -
Free Thyroxine Dosage (T4 SIGTAP/DATASUS
Free) R$ 11.60 ! ! R$32.48 | (02.02.06.038-1)
. ) R$ 10.00- SIGTAP/DATASUS
Conventional consultation R$ 10.00 1 1 R$ 28.00 (03.01.01.007-2)
Recovered
T4 therapy - Levothyroxine } 1 tablet of R$ 0.05- Wai
per day 0.05-0.08 100 mg/day 1 tablet of 100 mg/day RS 0.08 BPS - Weighted average
Overhead
Usual real income
R$ 130.46- (March, April and May
Days of work - Absenteeism | R$ 144.95 | 3.1 + 11.5 days ® 11.2+19.1°¢ ' 2023)/working days of
R$ 159.45
the month - Borget et al,
2007 3L,

Legend: BPS: Health Price Bank; DTC: differentiated thyroid carcinoma; CMED: Chamber of Regulation of the Drug Market; DATASUS: De-
partment of Informatics of the Unified Health System (DATASUS); PMVG: Maximum Sale Price to the Government, SIA: Outpatient Health

Information System; SIH: Hospital Information System.
Note: *Accessed on February 14, 2024.

! It was assumed that in addition to the conventional consultation, additional consultations were carried out due to the absence of levothyroxine
treatment, that is, due to the appearance of manifestations related to hypothyroidism. The proportion of additional consultations was esta-
blished according to the NICE material (2022)?3: 18% required an additional consultation, and 20% required 2 additional consultations.

2 The recommended dosage of thyrotropin alfa is two doses of 0.9 mg administered at 24-hour intervals by intramuscular injection into the

gluteal region (0.9 mg IM every 24 hours, for 2 days).®

3 Value per day established by the lowest price found for the presentations of 25, 50, 75, 88, 100, 112, 125, 175, 200 mg and considering
100 mg the daily maintenance dose of the drug (range recommended in the package insert from 75 mg to 125 mg).3¢
4 Established according to the proportion that each of the procedures found in SIH-DATASUS - 2022 and according to the study conducted by

Schwengber et al, 2020.%7

5 A dose of 2.6 ug/kg/day for 7 days was considered, as recommended in the package insert.3¢ In addition, the average weight of 74.1 kg was
assumed for the calculation, according to the average weight for the age group of 40 to 59 years 3%3° (age group most affected by DTC).

As for indirect costs, the model considered only ab-
senteeism, due to the scarcity of information on other
economic impacts, such as informal care costs or loss
of additional productivity. The inclusion of these costs
without robust evidence could alter the results and po-
tentially weaken the model if inadequately estimated.

Finally, the utility values initially reported in the
studies were measured by the SF-36 and later recali-
brated to the EQ-5D-3L, allowing the incorporation
of these data into the model. Although this conver-
sion is a recognized practice and similar to that ad-
opted by NICE, it represents a possible limitation,
since it may introduce small discrepancies in the
final estimate of QALYs.

Results

Treatment with rhTSH was associated with a
higher clinical benefit and a higher total cost com-
pared to the induction of endogenous hypothyroid-

ism (i.e., levothyroxine suspension). The incremen-
tal cost-effectiveness ratio (RCEI) was R$ 73,661.68
per QALY gained, from the perspective of society, as
shown in Table 2.

In addition, it was observed an agreement be-
tween the results of the probabilistic sensitivity anal-
ysis with the results of the base scenario, since the
results of the simulations are in their entirety in the
upper right quadrant, confirming that rh'TSH has
greater clinical benefit and incremental cost (Figure
3). Regarding the acceptability curve, a willingness
to pay of R$ 40 thousand/QALY earned, there is a
0% probability that rhTSH is the most cost-effec-
tive option, whereas for a threshold of R$ 120 thou-
sand/QALY gained, there is a 100% probability that
rhTSH is the most cost-effective option (Figure 4).

Additionally, the deterministic sensitivity anal-
ysis demonstrated that the price of the technology
and lost working days are the parameters that most
impact the economic model, as shown in Figure 5.
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Table 2. Costs, outcomes, and RCEI per patient for the cost-utility analysis.

Effectiveness
Strategy (QALY) Cost (R$) RCUI
rhTSH 0,2687 R$ 4.761,98
Inductlon of en@ogenous hy_pothyr0|d|sm 0.2602 R$ 4.135,48 RS 73.661,68
(i.e., levothyroxine suspension)
Difference 0,0085 R$ 626,50

Legend: QALY, life year adjusted by quality; RCEI, incremental cost-utility ratio.

Figure 3. Scatter plot of probabilistic sensitivity analysis (outcome: quality-adjusted life years - QALY) from a
societal perspective.
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Figure 4. Cost-effectiveness acceptability curve (outcome: quality-adjusted life years - QALY) from the societal
perspective.
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Figure 5. Tornado diagram (outcome: QALY gain) from the perspective of society.
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Days lost for TSHrh

Cost of managing hypothyyroidism complications (consultations)
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Discussion

Initial treatment with thyroidectomy, followed
or not by radioiodine, has high rates of therapeutic
success and disease control. Radioiodine ablation
aims to destroy remaining thyroid tissues, reduc-
ing the risk of recurrence. However, the induction
of endogenous hypothyroidism, resulting from
levothyroxine suspension, is associated with a sig-
nificant decrease in the quality of life of patients.
In this context, thTSH emerges as an effective al-
ternative, allowing the optimization of radioiodine
uptake without the need to induce symptoms of
hypothyroidism. The economic analysis based on
a Markov model revealed that, with an incremental

R$ 20.107 I

R$ 127.216

R$/54.573 S RS 92.750
RS 61.940 BN RS 90.856
RS 61.996 . RS 90.736
R$ 62.052 NS R$ 90.616
RS 62.052 EE RS 90.616
RS 62.052 I RS 90.616
R$ 62.052 I RS 90.616
RS 62.052 . RS 90.616
RS 62.052 B RS 90.616
R$ 62.052 B RS 90.616
R$ 62.052 B RS 90.616
RS 62.052 BN RS 90.616
R$ 62.165 NS R$ 90.376
RS 62.221 B RS 90.257
R$ 62.278 R RS 90.139
R$ 62.391 NS RS 89.902

RS 62.391 I RS 89.902
RS 62.391 . RS 89.902
RS 62.443 NN RS 89.784
R$ 62.505 N R$ 89.667
RS 62.505 B RS 89.667
RS 62.619 NN RS 89.433
RS 62.619 N RS 89.433
RS 62.676 NN RS 89.316
RS 62.734 R R$ 89.200
RS 62.791 R RS 89.084
RS 62.849 NN RS 89.968
RS 62.964 R RS 88.738

RS 68.378 I RS 78.945

RS 68.752 1 RS 74.344

R$40.000 R$60.000 RS$80.000 RS$100.000 R$120.000 RS 140.000
RCEI

cost to society of R$ 626.50, the use of rhTSH pro-
vides additional health benefits, represented by an
incremental gain of 0.0085 QALY in preparation for
radioiodine ablation.

In addition to health gains, there are significant
social and economic benefits related to productivity.
Studies with paired data from patients submitted to
the two stimulation methods pointed to statistically
significant differences in absenteeism between the
groups. For example, 15.6% of patients who devel-
oped hypothyroidism reported a marked reduction
in the ability to perform normal activities, compared
to 8.6% in the group that used rhTSH.* This differ-
ence supported the application of a 50% differential
in the data of Luster et al * and in the current model.
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These findings are in line with international stud-
ies that evaluated interventions from the perspective
of society in Canada® ($13,391 per QALY earned),
United States of America ($52,554 per QALY earned)*
and Korea (¥#26,697,361 per QALY earned).?! Also,
in certain contexts there was a dominance of thTSH,
such as in Spanish hospitals (savings of -£614.16 and
0.048 QALY gained)® and in Germany.*

A strong point of this study is the adoption of
the societal perspective, which allows you to consid-
er both direct and indirect costs, offering a broader
view of the economic impact of interventions. This
approach is still little explored in national research,
reinforcing the relevance of the study to support
public health decisions. However, there are limits
associated with the application of this perspective in
the national scenario, especially, due to the absence
of an official cost-effectiveness threshold outside the
SUS, which makes it difficult to interpret the results
in contexts other than the public health system. As
a reference, NICE, an agency equivalent to Conitec,
recommends the incorporation of indirect costs in
the analyses and does not have different thresholds
depending on the presence of these costs. Consid-
ering the same rationale, the threshold defined for
the Unified Health System (SUS) for severe condi-
tions such as cancer (i.e., R$ 120,000/QALY earned)
and, therefore, this treatment would be considered
cost-effective.?* In addition, incorporating rhTSH
may be more advantageous for specific subgroups,
such as patients with cardiovascular comorbidities
or clinical conditions that contraindicate the induc-
tion of hypothyroidism.

As is inherent to economic models, some as-
sumptions were adopted, which may limit the exter-
nal validity of the analysis. The time of absenteeism
used in the model was derived from an observational
study conducted in France, which may limit its ap-
plicability to the Brazilian context. The absence of
specific national data on DTCs resulted in the use
of international estimates adjusted to the Brazilian
reality, an accepted practice, but which adds uncer-
tainties to the model. In addition, the indirect costs
considered were restricted to absenteeism, without
including other potential economic impacts, such as
informal care costs, which were not sufficiently evi-
denced in the literature.

To strengthen the evidence base, future studies
should focus on measuring the impact of absentee-
ism in Brazil, considering the specificities of the
local labor and health system. Prospective research
with representative samples is essential to provide
more robust data that support economic models and
guide public health decisions in the country.

Conclusion

The study contributes to a better understanding
of the cost-benefit relationship of using rh'TSH in
the treatment of DTC, highlighting its potential as a
cost-effective alternative (depending on the thresh-
old adopted), especially for patients who have a con-
traindication to the induction of endogenous hy-
pothyroidism. The adoption of this technology can
bring significant benefits in terms of quality of life
and productivity, being especially relevant for per-
spectives seeking to balance clinical benefits with
financial sustainability. However, further studies are
still needed to confirm the validity and expand the
applicability of the results in different population
and economic contexts.

Authors’ contributions:

MMF, HAO, RCL: Conceptualization. MMF, AFB: Data
curation, formal analysis, research, methodology. MMF,
LAO, RCL, HAO: Administration and planning. RCL,
HAO: Oversight and validation. MMF, AFB, LAO: Re-
daction. HAO, RCL: Proofreading and editing.

Conflict of interest
The authors declare no conflicts of interest.

Financing

This work has the partial support of the Institution-
al Development Program of the Unified Health Sys-
tem (PROADI-SUS), through the adjustment term
04/2020. The funder had no active participation in
the conception, writing, or decision to publish this
manuscript.

Declaration and availability of data
The contents underlying the research text are contained
in the manuscript.

Responsible editor
Lindemberg Assuncéo Costa

Fachi MM, et al. J Assist Farmac Farmacoecon 2025;10:600257e doi:10.22563/2525-7323.2025.v10.00257e 9/12



ORIGINAL ARTICLE

References

10.

Schmidbauer B, Menhart K, Hellwig D, Grosse
J. Differentiated thyroid cancer—treatment:
state of the art. Int ] Mol Sci. 2017;18(6):1292.
Schlumberger M, Leboulleux S. Current
practice in patients with differentiated thy-
roid cancer. Nat Rev Endocrinol [Internet].
2021;17(3):176-88. Available from: https://doi.
org/10.1038/s41574-020-00448-z

Dunlap Q, Davies L. 17 - Differentiated Thy-
roid Cancer Incidence. In: Randolph GW, ed-
itor. Surgery of the Thyroid and Parathyroid
Glands (Third Edition) [Internet]. Elsevier;
2021. p. 174-180.e2. Available from: https://
www.sciencedirect.com/science/article/pii/
B978032366127000017X

Agate L, Lorusso L, Elisei R. New and old
knowledge on differentiated thyroid cancer epi-
demiology and risk factors. J] Endocrinol Invest.
2012 Sep 27;35:3-9.

Olson E, Wintheiser G, Wolfe KM, Droessler ],
Silberstein PT. Epidemiology of thyroid cancer:
a review of the National Cancer Database, 2000-
2013. Cureus. 2019;11(2).

Giovanella L, Duntas LH. Management of en-
docrine disease: the role of rh'TSH in the man-
agement of differentiated thyroid cancer: pros
and cons. Eur J Endocrinol. 2019;181(4):R133-
45.

Avram AM, Giovanella L, Greenspan B, Lawson
SA, Luster M, Van Nostrand D, et al. SNMMI
procedure standard/EANM practice guideline
for nuclear medicine evaluation and therapy of
differentiated thyroid cancer: abbreviated ver-
sion. Soc Nuclear Med; 2022.

Chung JK, Kim HW, Youn H, Cheon GJ. Sodi-
um iodide symporter (NIS) in the management
of patients with thyroid carcinoma. Nucl Med
Mol Imaging. 2018;52:325-6.

Sanofi-Genzyme. https://consultas.anvisa.gov.
br/#/bulario/. THYROGEN ® (alfatirotropina).
Brasil. Ministério da Satde. https://www.gov.br/
saude/pt-br/assuntos/protocolos-clinicos-e-di-
retrizes-terapeuticas-pcdt/arquivos/2014/carci-
noma-diferenciado-da-tireoide-pcdt.pdf. 2014.
Protocolo Clinico e Diretrizes Terapéuticas do

11.

12.

13.

14.

15.

16.

17.

Carcinoma Diferenciado da Tireoide.

Chianelli M, Todino V, Graziano FM, Panun-
zi C, Pace D, Guglielmi R, et al. Low-activity
(2.0 GBq; 54 mCi) radioiodine post-surgical
remnant ablation in thyroid cancer: compar-
ison between hormone withdrawal and use of
rhTSH in low-risk patients. Eur ] Endocrinol.
2009;160(3):431-6.

Emmanouilidis N, Miller JA, Jager MD,
Kaaden S, Helfritz FA, Giiner Z, et al. Surgery
and radioablation therapy combined: introduc-
ing a l-week-condensed procedure bonding
total thyroidectomy and radioablation therapy
with recombinant human TSH. Eur J Endocri-
nol. 2009;161(5):763-9.

Emmanouilidis N, Schrem H, Winkler M,
Klempnauer J, Scheumann GFW. Long-term
results after treatment of very low-, low-, and
high-risk thyroid cancers in a combined set-
ting of thyroidectomy and radio ablation ther-
apy in euthyroidism. Int J Endocrinol [Inter-
net]. 2013;2013. Available from: https://www.
embase.com/search/results?subaction=viewre-
cord&id=1.369453593&from=export http://dx.
doi.org/10.1155/2013/769473

Lee J, Yun M], Nam KH, Chung WY, Soh EY,
Park CS. Quality of life and effectiveness compar-
isons of thyroxine withdrawal, triiodothyronine
withdrawal, and recombinant thyroid-stimu-
lating hormone administration for low-dose
radioiodine remnant ablation of differentiated
thyroid carcinoma. Thyroid. 2010;20(2):173-9.
Mallick U, Harmer C, Yap B, Wadsley ], Clarke
S, Moss L, et al. Ablation with low-dose radio-
iodine and thyrotropin alfa in thyroid cancer. N
Engl J Med. 2012;366(18):1674-85.

Nygaard B, Bastholt L, Bennedbzk FN, Klau-
sen TW, Bentzen J. A placebo-controlled, blind-
ed and randomised study on the effects of re-
combinant human thyrotropin on quality of life
in the treatment of thyroid cancer. Eur Thyroid
J [Internet]. 2013;2(3):195-202. Available from:
https://www.embase.com/search/results?subac-
tion=viewrecord&id=1.603882566&from=ex-
port http://dx.doi.org/10.1159/000354803
Schlumberger M, Catargi B, Borget I, De, reis D,
Zerdoud S, et al. Strategies of radioiodine abla-

10/12 Fachi MM, et al. J Assist Farmac Farmacoecon 2025;10:00257e doi:10.22563/2525-7323.2025.v10.e00257¢



18.

19.

20.

21.

22.

23.

24.

ORIGINAL ARTICLE

tion in patients with low-risk thyroid cancer. N
Engl ] Med. 2012;366(18):1663-73.

Taieb D, Sebag F, Cherenko M, Baumstarck-Bar-
rau K, Fortanier C, Farman-Ara B, et al. Quality
of life changes and clinical outcomes in thyroid
cancer patients undergoing radioiodine rem-
nant ablation (RRA) with recombinant human
TSH (rhTSH): a randomized controlled study.
Clin Endocrinol (Oxf). 2009;71(1):115-23.
Borget I, Bonastre J, Catargi B, Dé, réis D, Zer-
doud S, et al. Quality of Life and Cost-Effective-
ness Assessment of Radioiodine Ablation Strat-
egies in Patients With Thyroid Cancer: Results
From the Randomized Phase III ESTIMABL
Trial. J Clin Oncol. 2015;33(26):2885-92.

Pacini E Ladenson PW, Schlumberger M,
Driedger A, Luster M, Kloos RT, et al. Radio-
iodine ablation of thyroid remnants after prepa-
ration with recombinant human thyrotropin in
differentiated thyroid carcinoma: results of an
international, randomized, controlled study. J
Clin Endocrinol Metab. 2006;91(3):926-32.
Sohn SY, Jang HW, Cho YY, Kim SW, Chung
JH. Economic evaluation of recombinant hu-
man thyroid stimulating hormone stimulation
vs. thyroid hormone withdrawal prior to radio-
iodine ablation for thyroid cancer: The Korean
perspective. Endocrinology and Metabolism.
2015;30(4):531-42.

Vallejo JA, Muros MA. Cost-effectiveness of
using recombinant human thyroid-stimulating
hormone before radioiodine ablation for thyroid
cancer treatment in Spanish hospitals. Revista
Espainola de Medicina Nuclear e Imagen Molec-
ular (English Edition). 2017 Nov;36(6):362-70.
NICE. https://www.nice.org.uk/guidance/
ng230/evidence/thyroid-stimulating-hor-
mone-economic-analysis-pdf-11317255165.
2022. Thyroid cancer: assessment and manage-
ment Cost-utility analysis: recombinant human
thyroid stimulating hormone (rhTSH) versus
thyroid hormone withdrawal in people in prepa-
ration of Radioactive Iodine Ablation (RAI).
Wang TS, Cheung K, Mehta B Roman SA,
Walker HD, Sosa JA. To stimulate or withdraw?
A cost-utility analysis of recombinant human
thyrotropin versus thyroxine withdrawal for ra-

Fachi MM, et al. J Assist Farmac Farmacoecon 2025;10:e00257e doi:10.22563/2525-7323.2025.v10.e00257e

25.

26.

27.

28.

29.

30.

31.

32.

dioiodine ablation in patients with low-risk dif-
ferentiated thyroid cancer in the United States.
Journal of Clinical Endocrinology and Metabo-
lism. 2010;95(4):1672-80.

Mernagh B Suebwongpat A, Silverberg J,
Weston A. Cost-effectiveness of using recom-
binant human thyroid-stimulating hormone
before radioiodine ablation for thyroid cancer:
The Canadian perspective. Value in Health.
2010;13(2):180-7.

Ministério da Satide. Secretaria de Atencdo a
Satade. Diretrizes Metodolégicas: Diretriz de
Avaliagao Econdmica. 22 edicao. Brasilia; 2014.
Santos M, Monteiro AL, Santos B. EQ-5D
Brazilian population norms. Health Qual Life
Outcomes [Internet]. 2021 Dec 1 [cited 2022
Nov 29];19(1):1-7. Available from: https://hqlo.
biomedcentral.com/articles/10.1186/s12955-
021-01671-6

McNamara S, Schneider PP, Love-Koh J, Doran
T, Gutacker N. Quality-Adjusted Life Expec-
tancy Norms for the English Population. Val-
ue in Health [Internet]. 2023 Feb 1;26(2):163-
9. Available from: https://doi.org/10.1016/].
jval.2022.07.005

Brasil. Ministério da Satide. Diretrizes Met-
odolégicas: Qualidade de Vida em Anailises
Economicas. 2023 [cited 2024 Oct 17]; Available
from: https://rebrats.saude.gov.br/images/Docu-
mentos/2024/Diretrizes_Metodologicas Quali-
dade de Vida_em Analises Economicas.pdf
Brasil. Ministério da Sadde., Fundacao Oswaldo
Cruz. Contas do SUS na perspectiva da contab-
ilidade internacional - Brasil, 2010-2014 [Inter-
net]. 2018 [cited 2024 Nov 26]. Available from:
https://bvsms.saude.gov.br/bvs/publicacoes/
contas SUS perspectiva contabilidade inter-
nacional_2010_2014.pdf

Borget I, Corone C, Nocaudie M, Allyn M, Iaco-
belli S, Schlumberger M, et al. Sick leave for fol-
low-up control in thyroid cancer patients: com-
parison between stimulation with Thyrogen and
thyroid hormone withdrawal. Eur J Endocrinol
[Internet]. 2007 May 1;156(5):531-8. Available
from: https://doi.org/10.1530/EJE-06-0724
Luster M, Felbinger R, Dietlein M, Reiners C.
Thyroid hormone withdrawal in patients with

11/12



33.

34.

35.

36.

37.

38.

39.

ORIGINAL ARTICLE

differentiated thyroid carcinoma: A one hun-
dred thirty-patient pilot survey on consequenc-
es of hypothyroidism and a pharmacoeconomic
comparison to recombinant thyrotropin admin-
istration. Thyroid. 2005;15(10).

Mernagh B Suebwongpat A, Silverberg ],
Weston A. Cost-Effectiveness of Using Recom-
binant Human Thyroid-Stimulating Hormone
before Radioiodine Ablation for Thyroid Can-
cer: The Canadian Perspective. Value in Health
[Internet]. 2010;13(2):180-7. Available from:
https://www.sciencedirect.com/science/article/
pii/S1098301510603610

BRASIL. Ministério da Satide. O uso de li-
miares de custo-efetividade nas decisdes em
saide: recomendagdes da comissdo nacional
de incorporacao de tecnologias no SUS [Inter-
net]. Brasilia; 2022 [cited 2022 Nov 30]. Avail-
able from: https://www.gov.br/conitec/pt-br/
midias/pdf/2022/20221106_relatorio-uso-de-li-
miares-de-custo-efetividade-nas-deci-
soes-em-saude.pdf

Zhang H, Yang Y, Gao C, Tian L. Effect of
Thyroid-Stimulating Hormone Suppression
Therapy on Cardiac Structure and Function in
Patients With Differentiated Thyroid Cancer
After Thyroidectomy: A Systematic Review
and Meta-Analysis. Vol. 30, Endocrine Practice.
2024.

Merck S/A. https://consultas.anvisa.gov.br/#/
bulario/. Levotiroxina sédica Merck S/A Bula
para o profissional de saide.

Schwengber WK, Mota LM, Nava CE Ro-
drigues JAP, Zanella AB, Kuchenbecker RDS; et
al. Patterns of radioiodine use for differentiated
thyroid carcinoma in Brazil: insights and a call
for action from a 20-year database. Arch Endo-
crinol Metab. 2020;64:824-32.

IBGE. https://sidra.ibge.gov.br/pesquisa/pns/
pns-2019. 2019. PNS - Pesquisa Nacional de
Sadde 2019 Tabelas - .

IBGE. https://sidra.ibge.gov.br/tabela/8172. Per-
centis do peso das pessoas de 15 anos ou mais de
idade, por sexo e grupo de idade.

Este é um artigo publicado em acesso aberto

sob a licenca Creative Commons do tipo BY

O

12/12 Fachi MM, et al. J Assist Farmac Farmacoecon 2025;10:600257e doi:10.22563/2525-7323.2025.v10.e00257¢



	_heading=h.30w7pzmz5235
	_heading=h.nvdut8ysl0ax

