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Cost-Effectiveness Analysis of Well-Differentiated Thyroid Carcinoma
Surveillance Using Nuclear Medicine Procedures

John Kenneth V. Gacula, RN, MD?, Jerry M. Obaldo, MD, MHA?!, Vio Jianu C. Mojica, MS?

Division of Nuclear Medicine, Department of Medicine, Philippine General Hospital, University of the Philippines Manila
zDepartment of Physical Sciences and Mathematics, College of Arts and Sciences, University of the Philippines Manila
E-mail address: jvgacula@up.edu.ph, jerryobaldo@yahoo.com, vecmojica@up.edu.ph

ABSTRACT

Introduction:

Well-differentiated thyroid carcinoma (WDTC) is the most common type of thyroid cancer with a notable
increasing incidence worldwide. It is prevalent among Filipino descent as compared to other nationalities. Its
good prognosis and high survival rate predispose patients to lifetime surveillance with incomplete response,
instead of death, as outcome measure. This eventually leads to increase in cost of care, utilization, and
allocation of medical resources for the survivors of the disease. Thyroglobulin immunoradiometric assay
(Tg IRMA) and I-131 diagnostic whole-body scan (dWBS) are two nuclear medicine procedures that are part of
WDTC surveillance. Due to their varied availability in Asia-Pacific, most clinicians measure thyroglobulin (Tg)
alone due to perceived cost-effectiveness.

Objective:

This study aims to analyze the cost-effectiveness of two nuclear medicine procedures used in WDTC surveillance,
namely thyroglobulin immunoradiometric assay and I-131 diagnostic whole-body scan, in detecting incomplete
response.

Methodology:

Three clinical guidelines on WDTC management were reviewed to identify frequency, total number and
expenditure for surveillance, namely from the University of the Philippines-Philippine General Hospital in 2008
(PGH 2008), American Thyroid Association in 2015 (ATA 2015), and the Department of Health (DOH 2021). A
Markov model was constructed to simulate a 36-month surveillance with complete and incomplete response to
treatment as disease states. Parameter values like rate of incomplete response in WDTC patients, prognostic
values per each surveillance test, and other relevant data were collected from literature search and established
data. The cost of surveillance was based on the rates offered by Philippine General Hospital (PGH) Radioisotope
Laboratory as of November 2022. One-way sensitivity was done to check robustness of results.

Results:

ATA 2015 incurs the most expenses, amounting to PHP 14,600.00 to 20,450.00 (S 254.19 — 356.04) for three
years of surveillance, followed by DOH 2021 (PHP 11,700.00 — 15,600.00 or S 203.74 — 271.65), and PGH 2008
(PHP 3,900.00 — 6,825.00 or S 67.91 — 118.85). The thyroglobulin IRMA arm costs lower (PHP 17,784.00 or
S 309.74) than 1-131 dWBS (PHP 271,875.00 or S 4,735.13) in detecting incomplete response. 1-131 dWBS
should cost around PHP 570.00 (or $ 9.92) to be as cost-effective as the thyroglobulin IRMA.

Conclusion:

This study has identified that thyroglobulin IRMA is more cost-effective than I-131 diagnostic whole-body scan
in detecting incomplete response in WDTC patients. This supports the perceived cost-effectiveness of
thyroglobulin measurement in surveillance, even without diagnostic whole body-scans. This study also identified
that the new DOH 2021 guidelines will incur lesser expenditure in using nuclear medicine procedures for
surveillance as compared to ATA 2015 guidelines. Local clinicians may also find it easier to follow as it is more
suitable to the Philippine setting.

Keywords: cost-effectiveness, well-differentiated thyroid carcinoma, surveillance
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INTRODUCTION

Among the thyroid cancers, well-differentiated thyroid
carcinoma (WDTC) is the most common type and
accounts for 90% of cases. Even with such high
prevalence, it has better overall prognosis as compared
to other types [1,2]. It can be further categorized into
papillary thyroid carcinoma (PTC), follicular thyroid
carcinoma (FTC), and Hurthle cell carcinoma (HTC). PTC
accounts for 80-85% of cases, making it the most
predominant and most diagnosed type [1-3]. Its
incidence rose steadily with 5/100,000 in mid-1990s to
15.0 in 2014 in United States. This increasing trend is
associated with more accessible healthcare services
among developed nations that allows early and
widespread detection [4]. The situation of South Korea
was acclaimed to be remarkable, yet controversial, as
they recorded a 15-fold increase in WDTC incidence rate
from 1993 to 2011 [2]. This coincides with several
literature identifying Asian populations being highly
affected by WDTC.

Among Asians, Filipinos were identified to be more
predisposed to have WDTC. The overall thyroid cancer
incidence rate from 1990 to 2014 was 19.57/100,000
person years for Filipinos, compared to 10.45/100,000
for non-Filipino Asians and 13.94/100,000 for
non-Hispanic Whites. Similarly, a notable increase from
16.27/100,000 person-years in 1990 to 20.18/100,000
person-years in 2014 for Filipinos living in the United
States was seen [5]. Locally, the national incidence rate
for WDTC has not been established yet. Several local
studies like Lo et al., identified 723 patients with WDTC
in UP-Philippine General Hospital; majority are papillary
(649, 89.8%) while the rest are follicular (79, 10.2%) [6].

The goal for each patient with WDTC is to achieve
excellent response or disease-free status: the patient
must have no clinical or imaging evidence of tumor and
maintains a low serum thyroglobulin (Tg) levels during
thyroid-stimulating hormone (TSH) suppression or after
stimulation without interfering antibodies [7]. Given that
WDTC has good prognosis, it has been considered that
survival may not be the appropriate outcome measure
but rather incomplete response [8]. Recurrence is also
considered as an outcome measure, however Bates et
al., have identified that most patients that underwent
re-operations for “recurrent disease” never actually
achieved a disease-free state, and 71 out of 92 (77%)
re-operations were categorized as persistence [9].

Despite the good prognosis, there is still the presence of

Phil J Nucl Med 2022; 17(2): 8 - 20

persistent disease among patients who have undergone
surgery and received radioiodine (RAIl) therapy. Tuttle, et
al.,, evaluated the patient’s response to therapy and
formulated a category with dynamic risk estimates for
long-term surveillance [10]. This was adapted by the
American Thyroid Association in 2015, highlighting that it
can be applied at any point during the patient's
follow-up [7].

Among 90 patients that underwent thyroidectomy and
RAI therapy in Makati Medical Center, Santiago, et al.,
identified 12 (or 13.33%) with biochemical incomplete
response and 23 (or 25.56%) with structural incomplete
response. Among other factors considered, the presence
of positive Tg and anti-Tg postoperatively were strongly
associated with incomplete response [11]. With 225
WDTC patients in University of Santo Tomas Hospital,
Mendoza, et al., noted 69 (or 30.67%) had incomplete
response. Biochemical incomplete response was seen in
six (or 8.7%) patients, while structural incomplete
response was identified in 63 (or 25%) patients. They
have identified gender, lymph node involvement and
location, extent of malignancy, and multifocality as
factors with significant association with incomplete
response [12]. Both studies register higher occurrence of
structural incomplete response as compared to
biochemical incomplete response.

Detection of circulating Tg in patients that underwent
total thyroidectomy and RAI therapy would signify
presence of thyroid tissue. Through the vyears,
thyroglobulin immunoradiometric assay (Tg IRMA) have
greatly improved and an international calibration
standard was applied. This shifted the importance of
serum Tg monitoring from adjunctive to essential part of
thyroid cancer surveillance [13]. It has been
recommended that serum Tg and anti-Tg antibodies be
done longitudinally in the same laboratory and same
assay [7]. Absence of persistent disease is defined by Tg
of less than or equal to 1 ng/mL and less than or equal to
2 ng/mL for basal and simulated, respectively [14]. For
high-risk patients, Tg measurements may be done more
frequent [7].

Diagnostic whole-body scan (dWBS) using iodine
radioisotopes was once considered a central part of
thyroid cancer surveillance. Patient preparations are
similar to that of RAI therapy, which include low-iodine
diet for two weeks and withdrawal from replacement
thyroxine therapy for four to six weeks to achieve
hypothyroidism and elevated TSH serum levels of greater
than 30 mU/L. Scans were performed 48 to 72 hours
after administering 2-5 millicurie (mCi) of iodine-131
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(I-131) [13]. Majority of countries in the Asia-Pacific
region use 1-131, except for Australia, Hong Kong, Korea,
and Taiwan where iodine-123 (I-123) is used [15].

Yang et al.,, have identified that there is a wide
difference of medical resources available and economic
capabilities among the Asia-Pacific countries and this
hinders both physicians and patients to adhere to
guideline recommendations, more specifically in
surveillance [16]. Most countries in the region rely only
on TSH-stimulated Tg measurements, even without
dWBS, citing cost-effectiveness and convenience [15].
However, there are limited studies to prove this.

In the US, based on the increasing incidence rate, the
cost of thyroid cancer care was estimated to be $18-21
billion dollars in 2019 [4]. The highest cost in the course
of the disease was noted to be in the initial diagnosis and
treatment, amounting to $658 million or 41% of total
cost. Further expenditure during the continuing or
monitoring phase amounts to $595 million or 37% of the
total cost [17]. Surveillance-related costs are higher
immediately post-operatively [18]. In Brazil, there was an
observed 120% increase in treatment and follow-up
related-procedures for thyroid cancer. Increasing trend
in the procedures per 100,000 people for serum Tg and
[-131 whole body scan from 2008 to 2015 was observed
by Janovsky, et al., and is likely due to overdiagnosis of
thyroid cancer cases [19]. The increasing incidence of
patients with WDTC would further lead to the rise of
patients for surveillance, with further increase in
utilization and allocation of medical resources [18]. This
trend has been visible not only in the Philippines, but
also with other neighbor nations like Hong Kong and
Korea, with having more than 10 cases on follow-up per
year [16]. Survivors of the disease are expected to have
repeated treatment, lifelong surveillance, and
adjustments to thyroid hormone replacement that
contribute to the physical, psychological, and financial
costs of diagnostics and treatment [8].

Cost-effectiveness analysis (CEA) is used for program
evaluation, specifically linking the costs to its benefits or
effectiveness. It is used to compare set of programs and
determine which provides greater outcome for the costs
or costs achieved by the effectiveness unit [20,21]. Its
advantage, as stated by Rudmik and Drummond, is for
easier understanding and interpretation of clinicians as it
uses familiar clinical endpoints or outcomes [22]. It could
provide information for the nuclear medicine physicians
on why a specific nuclear medicine technology is
important in clinical management of patients, or how
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effective (or not) they are in achieving a certain benefit,
and substantiating evidences to hospital administrators,
insurance companies, and important bodies for
allocating greater resources for certain study or
procedure [21].

Markov model is one of the models used in cost-
effectiveness studies in healthcare. It utilizes random
processes and multiple possible consequences that occur
over a long period of time, making highly suitable for
chronic diseases. Distinct disease states and transition
probabilities, cost estimates for resource use and health
outcomes or events are identified and placed in a
“Markov cycle” to run through several cycles to
stimulate long periods of the disease progression [23]. As
each cycle is completed, the cost and effect for each
health state are identified and the cost-effectiveness
ratio for a modality arm is calculated by adding all the
weighted costs of each individual cycle [22]. A limitation
of this model is its inherent “memorylessness” or
disregard to the effects from the previous cycles, as each
cycle is considered identical [23-25]. Nevertheless,
Markov model has proven to be useful and has been
applied in several healthcare studies concerning
screening programs, therapeutic interventions, and
diagnostic technologies [23].

Objectives

The main objective of this study was to analyze the cost-
effectiveness of two nuclear medicine procedures used
in surveillance of WDTC, namely Tg IRMA and -131
dWBS, in detecting incomplete response.

Specifically, this paper aimed:

A. To identify the schedule and total number of Tg
IRMA and 1-131 dWBS requested for a WDTC patient
based on the different clinical practice guidelines

B. To calculate the total cost per each surveillance arm
in @ 36-month time frame based on the different
clinical practice guidelines

C. To determine the cost per detection event of Tg
IRMA surveillance alone

D. To determine the cost per detection event of 1-131
dWBS surveillance alone; and

E. To compare the difference of Tg IRMA and 1-131
dWBS surveillance arms in terms of detection of
incomplete response.

METHODOLOGY

This study was submitted to and was approved by the
University of the Philippines Manila Research Ethics

Phil J Nucl Med 2022; 17(2): 8 - 20



Board (UPMREB) with UPMREB Code: 2022-0577-EX.

Selection and Review of Clinical Guidelines
To identify the total number and create a schedule
scheme of the Tg IRMA and 1-131 dWBS for WDTC
patient surveillance, we reviewed three clinical
guidelines that are highly utilized by clinicians locally.
These were:

e 2008 Clinical Practice Guidelines of the Philippine
General Hospital for the Management of Thyroid
Nodules and Well-differentiated Thyroid Carcinoma
(by the PGH Working Group on Thyroid Cancer; PGH
2008)

e 2015 American Thyroid Association Management
Guidelines for Adult Patients with Thyroid Nodules
and Differentiated Thyroid Cancer (by the American
Thyroid Association Guidelines Task Force on Thyroid
Nodules and Differentiated Thyroid Cancer; ATA
2015)

e 2021 Philippine Interim Clinical Practice Guidelines
for the Diagnosis and Management of Well-
Differentiated Thyroid Cancer (released by the
Department of Health, as commissioned to the Dr.
Jose R. Reyes Memorial Medical Center; DOH 2021)

The frequency for each test, number of tests in the first
year and subsequent two years, total incurred cost in the
first year and subsequent two vyears, and actual
recommendations were noted and tabulated. All of the
guidelines are available in the internet and were
accessed publicly.

Complete

Diagnosisand
Treatment

Markov Model Structure

To identify and analyze the cost-effectiveness of Tg IRMA
and 1-131 dWBS in detecting incomplete response, a
Markov model was constructed to simulate the
surveillance of patients that have been diagnosed with
WDTC through histopathology, underwent total
thyroidectomy, and received RAIl ablation therapy. After
diagnosis and treatment, the patients can enter the
model via two states: (1) complete response, and
(2) incomplete response to treatment, with the latter
being the outcome of interest. A diagram to visualize the
model is shown on Figure 1.

The two states were based on the definition in the 2015

American Thyroid Association Management Guidelines

for Adult Patients with Thyroid Nodules and

Differentiated Thyroid Cancer. Complete response is

defined as no clinical, biochemical, or structural evidence

of disease. Meanwhile, incomplete response is defined

as:

e biochemical: suppressed Tg > 1 ng/mL or stimulated
Tg > 10 ng/mL or rising anti-Tg antibody levels; and

e structural: structural or functional evidence of
disease, with any TG level, with or without anti-Tg
antibodies [7].

A patient registering in as incomplete response leaves
the model as it is assumed that they will undergo another
bout of RAI therapy. On the other hand, patients who
register as complete response will continuously undergo
surveillance until an incomplete response is detected or
until the end of the time horizon. Simulation was done
utilizing a 36-month time frame as majority of the

Incomplete

Response

Response

FIGURE 1. Diagram of the Markov model applied in this study

Phil J Nucl Med 2022; 17(2): 8 - 20
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incomplete responses occur within the first two to three
years of diagnosis, and majority of the costs allotted for
surveillance are incurred immediately after surgery [18].
Additionally, this was also based on the most common
recommended interval for the said tests across the three
clinical guidelines reviewed.

Data Selection and Parameter Inputs
Parameter values like rate of incomplete response in
WDTC patients, prognostic values per each surveillance
tests, and other relevant data to create assumptions and
transition probabilities were gathered from established
data and literature search using several databases,
primarily PubMed, Scopus, ScienceDirect, and JSTOR. For
the cohort characteristics and epidemiological data, even
with the vast presence of international data, the authors
highly preferred local data (if available) to reflect
adequately the local situation.

The subjects in the selected literature or sources should
fulfill the criteria set by the authors. The inclusion and
exclusion criteria are as follows:

Inclusion criteria was based on the definition of incom-

plete response, either it be:

e biochemical: suppressed Tg > 1 ng/mL or stimulated
Tg > 10 ng/mL or rising anti-Tg antibody levels

e structural: structural or functional evidence of
disease, with any Tg level, with or without anti-Tg
antibodies

As for the cohort and literature to be used, the following

were considered:

e patients diagnosed
histopathology

with  WDTC based on

e patients underwent total thyroidectomy and RAl
ablation therapy

e for Tg surveillance arm: immunoradiometric assay
was specifically utilized

e for 1-131 dWBS: radioiodine with low activity was
utilized, with or without SPECT

Exclusion was based on the following:

e diagnosed with non-differentiated thyroid carcinoma
or no clear histopathologic diagnosis

e did not undergo surgery or had less than total
thyroidectomy for surgery

e did not receive RAIl ablation therapy

e TG was measured using other technology (e.g.,
ECLIA)

e if with excellent response, had less than three years
of surveillance

With the alarming findings in the study of Bates et al.,

“recurrence” was not considered in this study [9].

Transition probabilities for the Tg IRMA and I-131 dWBS
surveillance arms were obtained from Giovanella et al.
(2002) [26] and Schlumberger et al. (2007) [27]
respectively. The data from the two studies reflect the
inherent rates of registering incomplete responses for
each arm. One main assumption of the model is that, at
every test, the probability of registering an incomplete
response remains constant.

Cost items consist solely of the unit cost per test. They
were based on the current fee (as of November 2022)
offered by the Radioisotope Laboratory of the UP-
Philippine General Hospital, where the study was con-
ducted. These rates mirror the healthcare expenditure of
the hospital and patients. All input parameters are sum-
marized in Table 1.

TABLE 1. Parameter values (Transition Probabilities and Cost Items) used in the Markov model and their
respective values and sources

Parameter Value Source
Transition Probabilities
Incomplete Response Rate (Tg IRMA) 40.5% Baudin, et al. (2002) [28]
Positive Predictive Value (Tg IRMA) 53.3%
Incomplete Response Rate (I-131 dWBS) 3.2% Schlumberger, et al. (2007) [27]
Positive Predictive Value (I-131 dWBS) 35.7%
Cost Items Value (PHP) Source
Tg IRMA (Service) 1560.00
Tg IRMA (Pay) 1870.00 UP-PGH
[-131 dWBS (Service) 8750.00 Radioisotope Laboratory
1-131 dWBS (Pay) 9545.00
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The final costs derived from the Markov model were
totaled up in Philippine Peso (PHP) and were converted
to United States Dollars (USD) based on the currency
conversion rate at the last month of the study
(November 2022). A one-way sensitivity analysis was
done to check the robustness of the results.

RESULTS

Costs

Cost-related parameters include the unit costs of the
following nuclear medicine services: Tg IRMA, anti-Tg
RIA, and 1-131 dWBS. Costs were based from the service
and pay rates offered by the UP-PGH Radioisotope
Laboratory, as seen in Table 2.

Both rates offered for the service and pay outpatients
were considered and applied in the model. Most service
patients in UP-Philippine General Hospital receive full
coverage for their diagnostic expenses. This is made
possible with help of medical social services or other
subsidized means. The service rate is a reflection of
hospital expenditure on patients. The pay rate, on the
other hand, reflects the out-of-pocket expenditure of
patients as these diagnostic tests cannot be reimbursed
through health insurance. The conversion rate applied is
1 USD =57.43 PHP (as per November 2022).

Clinical Guidelines

First Year of Surveillance

The recommended schedule per each diagnostic test,
total number of tests, total expenditure, and source per
each clinical guideline for the first year of surveillance
are tabulated in Table 3. With Tg IRMA and anti-Tg
measurements, the DOH 2021 guidelines incurred
greater than the costs of ATA 2015 and PGH 2008
guidelines. When totaled, ATA 2015 recommendations
will incur the greatest cost as compared with the other
two local guidelines.

Subsequent Years of Surveillance

The recommended schedule per each diagnostic test,
total number of tests, total expenditure, and source per
each clinical guideline for the subsequent two years of
follow-up are tabulated in Table 4.

Using Tg and anti-Tg measurements, the DOH 2021 and
ATA 2015 guidelines incurred similar total amount, while
PGH 2008 garnered less. No recommendations were
made on [-131 dWBS as part of surveillance for the
subsequent years.

The total expenditure (in PHP and USD) for the three
guidelines is shown in Table 5 and Figure 2. ATA 2015
incurs the most expenses for three years of surveillance.
This is followed by DOH 2021 and PGH 2008.

In the first year of surveillance, percentage of
expenditure is larger in ATA 2015 with 62%, followed by
DOH 2021 (50%) and PGH 2008 (43%). As for the
subsequent two-year surveillance, PGH 2008 incurred
more expenses with 57%, followed by DOH 2021 (50%)
and ATA 2015 (38%). This is shown in Figure 3.

Base-Case Results

Patients with histopathologically diagnosed WDTC,
underwent total thyroidectomy, and received RAI
ablation therapy were part of the cohort. The model ran
for 6 cycles (1 cycle = 6 months), with a total of 36
months of surveillance.

The Tg IRMA arm has shown to dominate the I-131 dWBS
arm as it costs lower while detecting incomplete
response earlier and more accurately. The results of the
base case are summarized in Table 6.

One-Way Sensitivity Analysis

Using Tg IRMA surveillance arm as reference, the
parameters within the 1-131 dWBS arm were varied
separately .

TABLE 2. Service and Pay Rates of PGH Radioisotope Laboratory (as of November 2022)

Service Rate Pay Rate
Nuclear Medicine Test
(in PhP) (in USD) (in PhP) (in USD)
Thyroglobulin (Tg IRMA) 975.00 16.98 1,175.00 20.46
Anti-thyroglobulin (Anti-Tg) 975.00 16.98 1,165.00 20.28
I1-131 Diagnostic Whole-Body Scan 8,750.00 152.36 9,545.00 166.19
(1-131 dWBS)

Phil J Nucl Med 2022; 17(2): 8 - 20
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TABLE 3. Interval, total number of tests, total cost, and source of thyroglobulin, anti-thyroglobulin, and I-131
diagnostic whole-body scan per clinical guideline for the first year of surveillance

FIRST YEAR OF SURVEILLANCE

No of

Tests

2008 Clinical Practice Guidelines of the Philippine General Hospital for the Management of Thyroid Nodules and
Well-differentiated Thyroid Carcinoma (PGH, 2008) [14]

Thyroglobulin Every 6-12 months 1-2
Anti-thyroglobulin

Nuclear Medicine Test Interval

Cost (in PHP) Source

975.00-1,950.00 | Section VII, Consensus A

At least once 1 975.00 | Section VII, Consensus A
1,950.00 - 2,925.00

I-131 Diagnostic Whole-Body Scan -

2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differ-

entiated Thyroid Cancer (ATA, 2015) [7]
Thyroglobulin Every 6-12 months 1-2 975.00-1,950.00 | Recommendation 62B
Anti-thyroglobulin Every 6-12 months 1-2 975.00-1,950.00 | Recommendation 62B
1950.00-3,900.00
I-131 Diagnostic Whole-Body Scan At 6-12 months 1 8,750.00 Recommendation 67
2021 Philippine Interim Clinical Practice Guidelines for the Diagno

sis and Management of Well-Differentiated Thy-

roid Cancer (DOH, 2021) [29]
Thyroglobulin Every 3-6 months 2-4 1,950.00-3,900.00 5.2C
Anti-thyroglobulin Every 3-6 months 2-4 1,950.00-3,900.00 5.2C

3,900.00-7,800.00

I-131 Diagnostic Whole-Body Scan

TABLE 4. Interval, total number of tests, total cost, and source of thyroglobulin, anti-thyroglobulin, and I-131 diagnostic
whole-body scan per clinical guideline for the subsequent two years of surveillance
SUBSEQUENT TWO YEARS OF SURVEILLANCE

Nuclear Medicine Test | Interval | No of Tests | Cost (in PHP) | Source
2008 Clinical Practice Guidelines of the Philippine General Hospital for the Management of Thyroid Nodules and

Well-differentiated Thyroid Carcinoma (PGH, 2008) [14]
Thyroglobulin Every 6-12 months 2-4 1,950.00-3,900.00 |  >ection Vil
Consensus A
Anti-thyroglobulin - - - -
I-131 Diagnostic Whole-Body Scan -

2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differen-

tiated Thyroid Cancer (ATA, 2015) [7]
Thyroglobulin Every 6-12 months 2-4 1,950.00-3,900.00 RecomzzeE”dam“
Anti-thyroglobulin Every 6-12 months 2-4 1,950.00-3,900.00 RecomzzeE”dam“

3,900.00-7,800.00

I-131 Diagnostic Whole-Body Scan

2021 Philippine Interim Clinical Practice Guidelines for the Diagnosis and Management of Well-Differentiated Thy-

roid Cancer (DOH, 2021) [29]
Thyroglobulin Every 6 months 4 3,900.00 5.3C
Anti-thyroglobulin Every 6 months 4 3,900.00 5.3C
7,800.00
I-131 Diagnostic Whole-Body Scan -
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TABLE 5. Total expenditure in the first and subsequent two years of surveillance per each guideline

Cost in First Year Cost in Subsequent Two Years Total Cost
ATA 2015 PHP 10,700.00 - 12,650.00 PHP 3,900.00 - 7,800.00 PHP 14,600.00 - 20,450.00
($186.34 - 222.30) (5 67.92 -135.84) (S 254.27 — 356.15)
PGH 2008 PHP 1,950.00 - 2,925.00 PHP 1,950.00 - 3,900.00 PHP 3,900.00 - 6,825.00
($33.96—50.94) ($33.96 -67.92) (567.91-118.86)
DOH 2021 PHP 3,900.00 - 7,800.00 PHP 7,800.00 PHP 11,700.00 — 15,600.00
($67.92-135.84) (S 135.84) (S 203.78 — 271.70)
Total Expenditure (in PHP) of each Guideline in the First and Subsequent
Two Years of Surveillance
25,000.00
20,000.00
15,000.00
10,000.00
. ||

Cost in First Year Cost in Subsequent Two Years Total Cost

mPGH2008 mATA 2015 DOH 2021

FIGURE 2. Graph comparing the total expenditure of each guideline in the first and subsequent
two years of surveillance

Percentage of Total Expenditure in the First and Subsequent Two Years of

Surveillance
100%
0%
30%
70%
60%
50%
40%
30%
20%
10%
0%
PGH 2008 ATA 2015 DOH 2021

M Cost in First Year ~ m Cost in Subsequent Two Years

FIGURE 3. Graph comparing the division of total expenditure of each guideline in
the first and subsequent two years of surveillance
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TABLE 6. Base case analysis results.

Thyroglobulin IRMA 1-131 dWBS
Service Pay Service Pay
(in PHP) (in PHP) (in PHP) (in PHP)
Cost per Incomplete Response Result 3,848.00 4,612.67 271,875.00 296,576.79
Cost per Correct Detection 7,215.00 8,648.75 761,250.00 830,415.00

2,000,000 2,000,000
® 1,750,000 2 1,750,000
5 B
& 1,500,000 21,500,000
@O @
s 1250000 3 1,250,000
o9 2
2 1,000,000 2 1,000,000
5 :
E 750,000 ; 750,000
2 500,000 2 500,000
8 250000 o ice: PHP 3848 ——— 8 250000 senice:PHP7215 ———

0 Pay.PHP4613 0 y:pHPBR4E
1% 2% 3% 4% 5% 1% 2% 3% 4% 5%
—Hesults ==True Positives —Hesults =True Positives

FIGURE 4. Costs per incomplete response result and successful detection for the I-131 dWBS arm over varying
probabilities of positive result using service (left) and pay (right) rates.

1,200,000
1,000,000

800,000

400,000

200,000

Cost oer Incomplete Response

0 2000 4000 6000 8000 10000 12000

unit cost (I-131 dWBS)
—Results —True Positives

FIGURE 5. Costs per incomplete response result (green) and successful detection (purple) for the I-131 dWBS arm
over varying unit cost per test; costs where I-131 dWBS will be as cost-effective as thyroglobulin IRMA is displayed
(inset).
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Probabilities of obtaining positive results with 1-131
dWBS were varied throughout its 95% confidence
interval (1.5% to 5.0%). Figure 4 shows that the cost per
incomplete response result and successful detection is
consistently higher than the base case for the Tg IRMA
arm.

Unit cost of an I-131 dWBS was varied to determine how
much should it cost in order to be as cost-effective as Tg
IRMA (base case). It was found that an 1-131 dWBS
procedure should cost around PHP 125.00 ($ 2.18) to be
as cost-effective as the Tg IRMA surveillance with a
positive incomplete response result as outcome. This
drops further to around PHP 85.00 (or S 1.48) to be as
cost-effective as Tg IRMA in successfully detecting
incomplete response. This is shown in Figure 5.

DISCUSSION

Based on the total cost estimated from the Markov
model, this study has identified that Tg IRMA is more
cost-effective than I-131 dWBS in detecting incomplete
response and correct (true positive) detection in WDTC
patients. This could be associated with its low cost and
high detection rate. Furthermore, 1-131 dWBS should
depreciate by 98.6% from its original cost to be equally
cost-effective with Tg IRMA.

IRMA was already available in the 1980s and has then
improved overtime with the current recorded functional
sensitivity of 0.2 ng/mL [26,30]. Based on studies, it has a
99% negative predictive value of undetectable serum
stimulated Tg level during the first year of surveillance
[28]. It was identified to have 100% specificity, but with
certain pitfalls [26,28]. Other than IRMA,
radioimmunometric assay (RIA) is one of the nuclear
medicine technologies utilized in serum Tg measure-
ment. As IRMA is falsely lowered while RIA is falsely
raised by anti-Tg antibodies in the sample [13]. RIA was
identified to have lower sensitivity (87%), specificity
(88.4%), and accuracy (86.1%) as compared to IRMA,
which was utilized in this study and offered by the
UP-PGH Radioisotope Laboratory [31]. IRMA is also used
as reference in the development of other new, non-
nuclear medicine technologies for serum Tg measure-
ment like immunochemiluminometric, immunoen-
zymometric, and immunoluminometric assays [32—-34].

1-131 dWBS, on the other hand, has been less utilized
due to its low sensitivity and “stunning” [35]. According
to literature, the frequency of stunning is highly variable
from 5% to 40%. This makes a conundrum among
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clinicians because using higher doses of I-131 would
provide greater sensitivity but would induce stunning
[13]. Nevertheless, 1-131 dWBS remains to be part of the
ATA guidelines for WDTC surveillance.

The results of this study complement other literature
indicating that |-131 dWBS may not be warranted in
patients with undetectable Tg. Pacini et al., found that
71.4% of their WDTC patients had negative scans with Tg
of <3 ng/mL, adding no relevant information or change in
management [36]. More so, other studies have identified
the absence of relation between the Tg levels and
detectable uptake in thyroid bed [37].

Furthermore, this study estimated a cost as an outcome
that is easy to understand. These results may help
physicians and patients in coming up with a surveillance
plan wherein the patient has to spend less. Laboratory
managers, hospital administrators, and insurance
companies can utilize these data in allocating and
managing their resources and funding for the
surveillance of WDTC patients.

Clinical Guidelines

This study has identified that the DOH 2021 guidelines in
WDTC surveillance using nuclear medicine procedures
will incur lesser expenditure as compared to the ATA
2015 guidelines. Even though the former recommends
more frequent Tg and anti-Tg tests in the first and
subsequent two years of surveillance, the total cost is
still PHP 2,900.00 to PHP 4,850.00 less than the latter. It
is expected that hospitals and patients will spend less on
WDTC surveillance using nuclear medicine procedures as
clinicians follow the recently released local guidelines.

With the increasing burden of WDTC in the Philippines, a
national guideline on thyroid cancer care was
commissioned and released in 2021 by the Department
of Health. The “2021 Philippine Interim Clinical Practice
Guidelines for the Diagnosis and Management of
Well-Differentiated Thyroid Cancer” has been created to
make recommendations that are applicable in the local
setting due to cost and availability [29]. In terms of
surveillance, there are only few deviations from the ATA
2015 guidelines. It is expected that the DOH 2021
guidelines would solve the encountered difficulties of
local clinicians as this is more suitable to the Philippine
setting. More so, the spread of new nuclear medicine
facilities in the country will lead to increased referral and
requests for these services.
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Lubitz, et al., have identified that WDTC surveillance in
2013 incurred a total cost of $520,511,027.00 or 32%.
This is only second to initial treatment which amounts to
$623,367,851 or 39%. It is projected that by 2030, WDTC
surveillance would balloon into $1,272,981,889, higher
than the initial treatment ($907,578,188) [17]. With the
worldwide increase in incidence rate of WDTC, it is
expected to see this trend in the country .

The results of the cost-effective analysis through Markov
model complements the lack of [-131 dWBS
recommendations in the subsequent years of
surveillance with the three clinical guidelines of thyroid
cancer care. Furthermore, it justifies the more frequent
measurement of Tg (with anti-Tg) in the DOH 2021
clinical guidelines. However, this does not negate the
practice of combining the two nuclear medicine
procedures as data on it remains limited. It is highly
emphasized that patient care should be individualized
and decisions made by the primary physician should be
appropriate to setting, patient’s needs and capabilities.

Limitations and Recommendations

This study utilized a simple Markov model since the
scope is limited to two disease states and two nuclear
medicine diagnostic procedures. This model could be
replicated in other studies with varying parameters.

The incurred total expenditure estimates reflect only the
direct costs from nuclear medicine procedures used in
WDTC surveillance, specifically Tg IRMA and 1-131 dWBS.
Other sources of surveillance-related expenses like
indirect costs (fare, salary from missed work days, etc.)
and quality of life (QALY) could provide a wider analysis
in the cost-effectiveness of the said nuclear medicine
procedures. Further CEA studies on WDTC surveillance
could include positron emission tomography (PET) to
include dedifferentiated thyroid cancer. Other
non-nuclear medicine diagnostic modalities like
ultrasound and computed tomography (CT) scan could
be incorporated to provide a comprehensive analysis as
this study has proven that Markov analysis could be
applied on diagnostic procedures

The parameters identified are assumed to be the best
available fit for the set objectives of the study. However,
local data remains to be limited and more recent studies
are needed. These do not reflect the individual
preferences of the clinicians, and the capability and/or
willingness of patients to spend. Furthermore, the
authors recognize that I-131 dWBS are usually done after
Tg measurement as part of clinical practice guidelines.
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The schedule of fees used in this study is based on what
the UP-PGH Radioisotope Laboratory is offering as of
November 2022. It is recognized that they are relatively
cheaper compared to other institutions. To address this,
service and pay rates were utilized to provide a range
and to reflect the hospital expenditure and patient’s
out-of-pocket expenses. Replication of this study and
further researches may cover the effect of inflation and
other economic factors on the prices and costs .

A census-dependent approach in one institution may
lead to underestimation of the actual incidence of
incomplete response and true cost of surveillance as not
all patients do their tests in the same institution or are
compliant with their doctor’s orders. This approach
could be applied to write a descriptive study, and should
involve several institutions catering to a large number of
WDTC patients.

CONCLUSION

This study has identified that Tg IRMA is more
cost-effective than I-131 dWBS in detecting incomplete
response in patients with WDTC due to its low cost and
high detection rate. This complements the lack of
recommendations for I-131 dWBS as part of surveillance
several clinical guidelines. In addition, the new DOH 2021
guidelines will incur less expenditure in WDTC
surveillance using nuclear medicine procedures as
compared to the ATA 2015 guidelines.

As this study provided a cost to WDTC surveillance, it
could complement further researches on economic
analysis and financial burden on WDTC patients
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ABSTRACT

Introduction:

Among older populations, osteoarthritis (OA) is one of the most common chronic joint disorders and is a
leading cause of disability, while osteoporosis is the most common metabolic bone disease, conferring fragility
and significant risk of fracture. The relationship between OA and osteoporosis remains controversial. Although
earlier studies reported an inverse association between the two diseases, more recent literature found a
complex relationship mediated by various factors.

Objective:

The investigators sought to determine the association of osteoporosis with radiologic grading of the hip among
older Filipino patients with suspected hip osteoarthritis.

Methodology:

A cross-sectional analytical study was conducted involving 256 patients with suspected hip OA who underwent
radiography of the hips and central dual energy x-ray absorptiometry (DXA). Radiographs of the hips were
evaluated by a radiologist using the Kellgren-Lawrence (KL) grading scale, while central DXA images were
processed and evaluated by a nuclear medicine physician using the World Health Organization criteria for the
diagnosis of osteoporosis and the 2019 International Society for Clinical Densitometry guidelines. The primary
outcome measures were the prevalence of osteoporosis in patients with suspected hip OA, and the association
of osteoporosis with radiologic KL grading of the hips. The secondary outcome measure was the association of
osteoporosis with sex and BMI.

Results:

The study found that osteoporosis was present in 136 (53.1%) of the 256 patients who all presented with
radiologic evidence of hip OA. There was a positive association between the presence of osteoporosis and the
radiologic grade of hip OA (p-value: 0.006 on the right hip and 0.036 on the left). Osteoporosis was more
prevalent in women compared to men (p-value: 0.031). Likewise, osteoporosis had a direct relationship with
BMI (p-value: <0.001).

Conclusion:

Osteoporosis was prevalent in a significant proportion of older Filipino patients with clinical and radiologic
evidence of hip OA, particularly among women, and was positively associated with increasing severity of OA.
The study suggests that obesity may not necessarily protect against osteoporosis in this population, possibly
relating to increased adiposity and decreased lean muscle mass.

Keywords: osteoporosis, osteoarthritis, hip osteoarthritis, DXA scan
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INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic
joint disorders of the elderly and one of the leading
causes of disability, affecting approximately 7% of the
global population, disproportionately affecting women
[1,2]. A similar demographic profile is noted in patients
diagnosed with osteoporosis, which is regarded as the
most common metabolic bone disease [3]. These two
diseases constitute major health problems that confer
substantial long-term economic burden on afflicted
individuals [4].

Although traditional perspectives propose an inverse
association between the two diseases with implications
that OA and osteoporosis rarely coexist clinically,
contemporary investigations now suggest that there
exists a multifaceted relationship between the two
musculoskeletal diseases that is influenced by various
convergent and divergent factors [5,6,7,8]. Despite the
continued global discourse on the relationship of OA and
osteoporosis, there is a dearth of published literature
concerning the two conditions in Filipino populations.

The present study investigated hip OA and its relation to
osteoporosis using established measures for the two
diseases — hip radiography with the Kellgren-Lawrence
(KL) grading classification for OA and dual energy x-ray
absorptiometry (DXA) using the 2019 guidelines from the
International Society for Clinical Densitometry (ISCD) and
the World Health Organization (WHO) criteria for
osteoporosis. This investigation sought to supplement
existing literature to further clarify the association
between hip OA and osteoporosis among older Filipinos.

Relationship between osteoarthritis and
osteoporosis

A negative association between OA and osteoporosis
was first suggested half a century ago by Foss and Byers
who found increased bone density in patients
undergoing hip surgery due to OA [9]. This assertion was
supported by cross-sectional studies which found that
OA is associated with increased bone mass and density
[6]. Sowers and colleagues found higher metacarpal
bone mass in patients who were diagnosed with OA of
the wrist and hands; however, bone mass was derived
using radiographs as opposed to bone mineral
densitometry. Cooper and colleagues likewise relied on
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radiographs of the hips in their study and reported a
negative association between osteoporosis and OA
[10,11]. As part of the large cross-sectional Study of
Osteoporotic Fractures, Nevitt and colleagues used single
photon absorptiometry and DXA to evaluate bone
density at various sites, and found that elderly Caucasian
women with moderate to severe radiographic hip OA
had higher bone density in the hip, spine, and
appendicular skeleton compared to women without hip
OA [12]. Meanwhile, the Chingford study utilized central
DXA to evaluate lumbar spine and femoral neck bone
density, and reported small increases in the mean bone
density of middle-aged women with early radiographic
evidence of OA in the hands, knees, and lumbar spine;
however, on follow-up, the same investigators
interestingly found that low bone density at the femoral
neck may be weakly associated with progression of the
degree of OA [5,13]. The Rotterdam study also found
that radiographic evidence of OA in the knees and hips
was directly associated with higher femoral bone
density, but follow-up DXA revealed a greater rate of
bone loss over time among patients with OA compared
to those without OA [14]. Chaganti and colleagues used
both DXA and quantitative computed tomography (QCT)
to assess for osteoporosis, and found higher bone
density in older men with moderate to severe hip OA
compared to those without hip OA [15]. More recently,
Hardcastle and colleagues found that high bone mass, as
defined by DXA bone density Z-scores, was directly
associated to OA in the knees and osteophytosis,
concluding that high bone mass confers a predisposition
to a subtype of OA characterized by increased bone
formation [16]. The Framingham study, on the other
hand, found that while bone density at the proximal
femur is higher among patients with grade 1 to 3 knee
OA, no such association is seen in patients with grade 4
or more severe knee OA [17]. Data from the Baltimore
Longitudinal Study of Aging showed that measures of
appendicular bone mass using single photon
absorptiometry had no significant association with the KL
grade of hand OA, and on follow-up, observed that
women with radiographic evidence of hand OA also
experienced a greater rate of bone loss at the radius
than women with normal hand radiographs similar to
observations from the Rotterdam study [18]. This is
supported by a recent study by Ding and colleagues,
which found that older patients with hip and knee OA
had a greater rate of total hip bone loss over time [19].
Small observational studies also found that a significant
proportion of patients scheduled for total arthroplasty of
the hip or knee also had osteoporosis [20, 21]. Histologic
case reports likewise showed that sudden onset of knee
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OA may be due to collapse of subchondral bone
secondary to decreasing bone density [22]. The
conflicting findings in literature may arise from the
heterogeneity of OA across different joints, the variety of
methods used for evaluating the diseases in question, as
well as other mediating factors that may alter the
relationship between osteoporosis and OA. As can be
garnered from the abovementioned studies, OA may
have different presentations in different joints with
varying evidence for a negative association between OA
and osteoporosis in the wrists, lumbar spine, hips, and
knees. Sambrook and colleagues surmise that the
association may even vary for bilateral hip OA and
unilateral hip OA due to possible differences in their
underlying causes [6]. The degree and severity of OA
may also be a contributing factor, as data from the
Framingham study suggests that the mere presence or
absence of radiologic OA is insufficient to fully
characterize its association with osteoporosis [17].

Measurements  for  osteoarthritis and

osteoporosis

In interpreting existing literature on OA and
osteoporosis, the tools being used for the assessment
must also be considered. KL grading classification has
largely been the method of choice to evaluate OA for the
past six decades [23]. Bone density measurement, in
contrast, has undergone various iterations over the
years, as reflected in several of the studies that were
discussed earlier. Nonetheless, the 2019 guidelines from
the ISCD has reaffirmed the status of central DXA as the
standard for the diagnosis of osteoporosis using the
WHO criteria [24,25]. Reflective of these guidelines,
current practice in clinical densitometry does not
prescribe a cut-off bone density value, typically
measured in g/cmz, in the diagnosis of osteoporosis and
instead utilizes T-scores for post-menopausal women
and older men as the basis for bone density
classifications as defined by the WHO.

Body mass index, obesity, and other

mediating factors

Body mass index (BMI) and obesity are considered as
important mediators between OA and osteoporosis [16].
Classic clinical experience characterized women with OA
as obese with more fat, muscle mass, and strength, while
women with osteoporosis were seen as generally slender
with less fat, muscle girth, and strength [26].
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Obesity is widely recognized as an important risk factor
for the development and progression OA — initially
attributed to biomechanical factors alone but in recent
years has been found to involve complex mechanisms
involving inflammatory and endocrine factors [27].
Obesity is also frequently linked to diabetes mellitus,
which is understood to affect the risk of developing OA.
Dubey and colleagues noted that the hyperglycemic
state in diabetes can cause detrimental changes to the
metabolism of normal articular cartilage, predisposing an
individual to OA [28].

On the other hand, high BMI and obesity were
traditionally associated with increased bone density and
were largely believed to be protective against
osteoporotic fractures [29]. Increased physical loading
and strain were deemed favorable for bone geometry
and modelling, while the adiposity associated with
obesity was thought to preserve estrogen, which plays a
key role in promoting bone formation while reducing
bone resorption [30,31]. This was supported by literature
showing that obese post-menopausal women have
higher serum concentrations of estrogens compared to
non-obese controls [32]. More recent studies, however,
found that obesity may have adverse effects on bone
mass and density due to its links with other metabolic
changes, such as increased levels of pro-inflammatory
cytokines TNF-a and IL-6 that are implicated in
accelerated bone loss [31]. Moreover, obesity, diabetes
mellitus, and insulin resistance are inversely associated
with the concentration of adiponectin in the plasma,
which is believed to have a favorable effect on bone
mass and density [33,34]. Additionally, there is growing
pre-clinical evidence in mice that obesity induced by a
high-fat diet not only increases bone resorption but also
facilitates fat infiltration of the bone marrow, which then
facilitates osteoclastogenesis in the bone
microenvironment [35,36]. These findings are supported
by a recent cross-sectional study among elderly
populations in Greece wherein osteoporosis was found
to coexist with osteosarcopenic obesity, characterized by
excess fat and low lean muscle mass [37].

Osteoarthritis
Filipino patients

and osteoporosis among

Considering the emergent literature for these complex
relationships between OA, osteoporosis, obesity, and
diabetes mellitus, further investigation appears to be
warranted across different populations. Among Filipinos,
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there is a paucity of data delving into such associations.
A large cross-sectional study across the Philippines was
done to identify risk factors for osteoporosis among
Filipino adults and interestingly linked large body builds
to increased prevalence of fractures; however, the data
largely relied on self-reports rather than actual
measurements of bone density [38]. Conversely, Miura
and colleagues found low body weight as a predisposing
factor for osteoporosis among post-menopausal Filipino
women [39]. It must be noted, however, that this study
used the non-conventional method of calcaneal
measurements for the diagnosis of osteoporosis.
Nevertheless, Mendoza and colleagues utilized DXA in
their study involving adult Filipino males, and reached a
similar conclusion regarding low BMI as a risk factor for
osteoporosis [40]. To date, however, there have been no
published studies investigating the relationship of OA
and osteoporosis among Filipino populations.

OBJECTIVES:

General objective: To determine the association
between osteoporosis and radiologic grading of the hip
among older Filipino patients with suspected hip OA

Specific objectives:

1. To determine the prevalence of osteoporosis among
older Filipino patients with suspected hip OA

2. To examine the relationship of osteoporosis with the
radiologic grading of the hips among older Filipino
patients with suspected hip OA

MATERIALS AND METHODS
Study design, population, and setting

This is a retrospective cross-sectional study involved
adult patients, aged 50 and older, who presented with
chronic hip pain, and had undergone central DXA and
plain radiography of both hips in a period of six months,

at St. Luke’s Medical Center - Quezon City from January
1, 2018 to December 31, 2020 .

Exclusion criteria
1. Patients with previous hip injury or hip arthroplasty

2. Patients who were diagnosed with or suspected to
have other rheumatologic diseases, and/or
malignant lesions in the hips, apart from hip OA

3. Patients who have congenital abnormalities of the
hips (e.g. developmental hip dysplasia)
4. Patients with incomplete data

Study procedure

Patients presenting with chronic hip pain and suspected
to have hip OA had radiography of the hips using one of
the three available stationary x-ray machines, namely:
Siemens Aristos VX Plus S/N 1118, Siemens Multix Fusion
VA20 S/N 1027, and Shimadzu Radspeed Pro DR S/N
3M5249A 64001. The radiographs were then reviewed
and evaluated by a radiologist who was blinded from the
bone mineral densitometry results. Grading of OA for
each hip was done using the KL radiologic scale (see
Table 1).

For central DXA, the patients were asked to avoid
calcium-containing products (dairy products, calcium
supplements, etc.) for 24 hours prior to the procedure.
The patients were advised to avoid barium studies of the
upper and lower gastrointestinal tract, intravenous
pyelogram, or CT scan with contrast a week before the
procedure. Patients were asked to change into a hospital
gown and to remove their shoes and accessories. The
patient’s height and weight were measured and
recorded prior to scanning. The DXA technologist
assisted the patients in lying supine on the DXA machine.
Scanning of the lumbar spine and hips was performed in
Thick Mode, as determined by GE's Lunar software
enCORE, lasting approximately 13 minutes. The

TABLE 1: Kellgren-Lawrence radiologic grading for hip osteoarthritis

Grade 0 1 2 3 4

Description No joint Doubtful JSN, Definite Moderate Large osteophytes,
space possible osteophytes, osteophytes, marked JSN, severe
narrowing | osteophytic possible JSN definite JSN, some sclerosis, definite bone
(JSN) or lipping sclerosis, possible ends deformity
reactive bone-end deformity
changes

Phil J Nucl Med 2022; 17(2):22 - 34
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TABLE 2: WHO criteria for osteoporosis

Normal

T-score at or above —1.0 SD

Low bone mineral density (osteopenia)

T-score between —1.0 and —2.5 SD

Osteoporosis

T-score at or below —2.5 SD

Severe osteoporosis

T-score at or below —2.5 SD and fragility fracture/s

machines were calibrated each day by using a
standardized phantom to ensure consistency of the data
collected. To evaluate for osteoporosis, the images were
reviewed and evaluated by a nuclear medicine physician
who was blinded from the hip radiography results. The
images were processed and evaluated using the ISCD
2019 guidelines for adults based on the WHO criteria for
the diagnosis of osteoporosis (see Table 2). Additionally,
BMI was derived from the retrieved height and weight
data that was routinely obtained as part of central DXA.

Outcome measures

1. Primary outcomes:

a) Prevalence of osteoporosis in patients with suspect-
ed hip OA

b) Association of osteoporosis with radiologic KL grad-
ing of the hips

2. Secondary outcome:

Association of osteoporosis with sex and BMI.

Sample Size

Based on the study of Ding and colleagues, a two-sided a
of 90%, power of 10% was deemed significant [19].
Computing with a standard deviation of 0.34, the
estimated sample size was 125 participants. Adjusting for
2 more variables (sex, BMI) in the analysis with an
additional 20% for each control variable, the final sample
size was 200 subjects.

Statistical Analysis
Data was encoded and tallied in SPSS version 10 for

windows. Descriptive statistics were generated for all
variables. For nominal data, frequencies and percentages
were computed. For numerical data, mean * SD were
generated. Analysis of the different variables was done
using the Chi-square test for nominal (categorical) data,
while ANOVA was used to compare more than two
groups with numerical data.
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RESULTS

The study included a total of 256 patients of which 22
(9.0%) were male and 234 (91.0%) were female. Table 3
shows the quantitative characteristics of the patients in
the study, detailing their mean ages, BMI, height, and
weight. Between males and females, only height and
weight were shown to have a significant difference
(p-value <0.001).

Table 4 shows the clinical and radiologic profiles of the
patients involved in the study. Osteoporosis was present
in 136 (53.1%) patients, of which 15 (5.9%) were severe.
All 256 (100%) patients had radiologic evidence of OA in
both hips. Most patients were found to have KL grade 3
joint disease, as seen in the right hip of 174 (68%)
patients and in the left hip of 160 (62.5%) patients.

Table 5 shows the association of sex to BMI classification,
KL grade of hip OA, and bone mineral densitometry
classifications. Females had significantly lower bone
mineral  densitometry classifications, i.e., more
osteoporotic, compared to males (p-value of 0.031). No
significant difference is seen between females and males
in terms of BMI classification and KL grade of hip OA.

Table 6 shows that osteoporotic patients had
significantly higher BMI than non-osteoporotic patients
(p-value <0.001). It also shows that when grouped into
BMI classifications, there was a significantly higher
number of osteoporotic patients that were classified as
obese compared to non-osteoporotic patients
(p-value <0.001).

Meanwhile, Table 7 shows that that patients with
osteoporosis had higher KL grade, i.e., more severe OA,
in both hips compared to patients without osteoporosis
(p-values of 0.006 for the right hip and 0.036 for the left
hip). In a sub-group analysis of male patients,
osteoporosis had no significant association with BMI.
Likewise, no significant association was seen between
osteoporosis and KL grading of hip OA among males
(see Tables 8 and 9).
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TABLE 3: Quantitative characteristics
Total Male Female p-value
MEAN + SD MEAN + SD MEAN + SD
Age 67.9 +10.19 68.7 + 10.15 67.8 +10.21 0.703
BMI 25.9+4.83 26.1+3.32 25.9+4.95 0.799
Height (m) 1.5+0.07 1.7+0.06 1.5+0.06 <0.001
Weight (kg) 61.1+13.08 73.4+11.50 60.0+12.64 <0.001
TABLE 4: Clinical and radiologic profiles
n (%)
Prevalence of Osteoporosis
Present (Osteoporosis + Severe osteoporosis) 136 (53.1)
Absent (Normal + Osteopenia) 120 (46.9)
Bone Mineral Densitometry Classification
Normal 25 (9.8)
Osteopenia 95 (37.1)
Osteoporosis 121 (47.3)
Severe osteoporosis 15(5.9)
Prevalence of Osteoarthritis
Present (KL1+KL2 +KL3+KL4) 256 (100)
Absent (KL 0) 0(0)
Kellgren-Lawrence Grade
Right Hip
KL O 0(0)
KL 1 5 (2.0)
KL 2 56 (21.9)
KL3 174 (68.0)
KL 4 21(8.2)
Left Hip
KLO 0(0)
KL1 6(2.3)
KL 2 76 (29.7)
KL3 160 (62.5)
KL4 14 (5.5)

Meanwhile, among female patients, the data in Table 10
shows significantly higher BMI among osteoporotic
patients versus non-osteoporotic patients (p-value of
<0.001). It also demonstrates a significantly higher
number of female patients that were classified as obese
in the osteoporotic group than in the non-osteoporotic
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group (p-value <0.001). Table 11 shows that there was
significantly higher KL grading of the right hip in
osteoporotic patients compared to non-osteoporotic
patients (p-value of 0.004). No such significance is
observed for the KL grading of the left hip.
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TABLE 5: Association of sex to body mass index classification, Kellgren-Lawrence grade and bone mineral

Male: n (%) Female: n (%) p-value
Underweight 0(0.0) 10 (4.3)
Normal 8(36.4) 92 (39.3)
BMI Classification Overweight 11 (50.0) 95 (40.6) 0.701
Obese | 3(13.6) 29 (12.4)
Obese I 0(0.0) 8(3.4)
KLO 0(0.0) 0(0.0)
KL1 0(0.0) 5(2.1) 0.247
Right 1412 3(13.6) 53 (22.6)
e R 15 (68.2) 159 (67.9)
Kellgren-Lawrence KL 4 4(18.2) 17 (7.3)
Grade KLO 0(0.0) 0(0.0)
KL 1 1(4.5) 5(2.1) 0.518
"e_ft KL 2 4(18.2) 72 (30.8)
Hip KL 3 15 (68.2) 145 (62.0)
KL 4 2(9.1) 12 (5.1)
Normal 6 (27.3) 19 (8.1)
Bone Mineral Densitometry | Osteopenia 8(36.4) 87(37.2) 0.031
Classification Osteoporosis 7 (31.8) 114 (48.7)
Severe Osteoporosis 1(4.5) 14 (6.0)
TABLE 6: Association of osteoporosis to body mass index
OSTEOPOROSIS
Present Absent p-value
MEAN + SD MEAN + SD
BMI 27.6 +4.98 24.4+4.16 <0.001
N (%) N (%)
Underweight 0(0.0) 10(7.4)
Normal 36 (30.0) 64 (47.1)
BMI Classification Overweight 55 (45.8) 51 (37.5) <0.001
Obese | 21 (17.5) 11(8.1)
Obese I 8(6.7) 0(0.0)

DISCUSSION

Osteoporosis and OA are among the most prevalent

utilization [1,2,3,4]. In the present study, females were
found to be more osteoporotic compared to males,

musculoskeletal diseases across the globe, accounting

for
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substantial

fragility,

disability,

and healthcare
Osteoporosis and OA were previously assumed to rarely
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consistent with global trends of the disease [3].




TABLE 7: Association of osteoporosis to Kellgren-Lawrence grade

OSTEOPOROSIS
Present Absent p-value
n (%) n (%)
KLO 0(0.0) 0(0.0)
KL1 1(0.8) 4(2.9) 0.006
Right "2 16 (13.3) 40 (29.4) -
Hip KL 3 90 (75.0) 84 (61.8)
Kellgren- KL 4 13 (10.8) 8(5.9)
Lawrence
Grade KLO 0(0.0) 0(0.0)
KL 1 1(0.8) 5(3.7) 0.036
Left M2 29 (24.2) 47 (34.6) o
Hip KL3 80 (66.7) 80 (58.8)
KL 4 10 (8.3) 4(2.9)
Table 8: Association of osteoporosis to body mass index among males
OSTEOPOROSIS
Present Absent p-value
MEAN + SD MEAN + SD
BMI 26.5 +3.14 25.5+3.74 0.536
n (%) n (%)
Underweight 0 (0.0) 0(0.0)
Normal 4 (50.0) 4 (50.0)
BMI Classification Overweight 8(72.7) 3(27.3) 0.592
Obese | 2 (66.7) 1(33.3)
Obese 0 (0.0) 0(0.0)
TABLE 9: Association of osteoporosis to Kellgren-Lawrence grade among males
OSTEOPOROSIS
Present: n (%) Absent: n (%) p-value
KLO 0(0.0) 0(0.0)
KL 1 0 (0.0) 0(0.0) 0.822
Right "2 2 (66.7) 1(33.3)
e R 10 (66.7) 5(33.3)
Kellgren- KL 4 2 (50.0) 2 (50.0)
Lawrence
Grade KL O 0 (0.0) 0(0.0)
KL1 0(0.0) 1(100.0) 0.337
Le'ﬂ KL 2 2 (50.0) 2 (50.0)
L 10 (66.7) 5 (33.3)
KL 4 2 (100.0) 0(0.0)
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coexist clinically [5,6]. The present study showed that
among older Filipino patients presenting with chronic hip
pain — for which OA was the suspected cause -
approximately half were found to have osteoporosis.
Meanwhile, the hip radiographs show that all the
patients in the study have varying degrees of OA in the
hips. These findings appear to contradict -earlier
literature regarding osteoporosis and OA and support
contemporary perspectives concerning the possibility of
concomitant disease [7,8]. Ding and colleagues did not
evaluate for the presence or absence of osteoporosis in
their study but found an increased rate of total hip bone
loss over time in patients with knee and hip OA [19]. The
results of the current study are compatible with their
observations and may imply that the loss of bone density
experienced by such patients is clinically significant

enough to warrant the diagnosis of osteoporosis based
on the WHO criteria. These results are similar to the
findings of small observational studies involving patients
scheduled for total arthroplasty of the hip and knee
secondary to OA; however, the current study
osteoporosis at 53.1% as opposed to the previously
reported 20-23%, probably owing to the differences in
the populations involved [20,21]. Nevertheless, the
diagnosis of osteoporosis is quite significant because it
necessitates not only increased vigilance against
potential fragility fractures but also the need for
appropriate therapeutic interventions [24]. Additionally,
in the context of providing surgical management for hip
OA, the concurrent presence of osteoporosis may affect
a higher proportion of individuals diagnosed with bone

quality and may significantly compromise the stability of

TABLE 10: Association of osteoporosis to body mass index among females
OSTEOPOROSIS
Present Absent p-value
MEAN + SD MEAN + SD
BMI 27.8 +5.17 24.4 +4.19 <0.001
n (%) n (%)
Underweight 0(0.0) 10 (100.0)
Normal 32 (34.8) 60 (65.2)
BMI Classification Overweight 47 (49.5) 48 (50.5) <0.001
Obese | 19 (65.5) 10 (34.5)
Obese Il 8 (100.0) 0 (0.0)
TABLE 11: Association of osteoporosis to Kellgren-Lawrence grade among females
OSTEOPOROSIS
Present: n (%) Absent: n (%) p-value
KLO 0(0.0) 0(0.0)
KL1 1(20.0) 4 (80.0) 0.004
Right "2 14 (26.4) 39 (73.6) -
e m3 80 (50.3) 79 (49.7)
Kellgren- KL 4 11 (64.7) 6 (35.3)
Lawrence
Grade KLO 0 (0.0) 0(0.0)
KL1 1(20.0) 4 (80.0) 0.122
Le_ﬂ KL 2 27 (37.5) 45 (62.5)
L 70 (48.3) 75 (51.7)
KL 4 8 (66.7) 4 (33.3)
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the implant [21]. In light of these findings, it is thereby
pertinent to screen for osteoporosis in older patients
with suspected or confirmed hip OA, as the presence of
their clinical

osteoporosis may significantly alter

outcomes.

Interestingly, the current investigation also showed that
osteoporotic patients presented with higher KL grading
in the hips compared to their non-osteoporotic
counterparts, particularly among female patients. Among
males alone, no such correlation was identified. There is
the belief that lower bone density in the subchondral
region may be seen in earlier OA prior to the onset of
sclerotic changes that are observed in severe OA [1]. The
results of the current study may seem to run contrary to
this assertion, but given the nature of osteoporosis as a
systemic condition as opposed to a largely localized
pathology like OA, it is likely that while there is sclerosis
in the subchondral region of the joint in severe OA as
reflected in the KL grading scale, significant bone loss can
still be observed in the bone regions being evaluated by
central DXA (i.e., lumbar spine, femoral neck, total
proximal femur); hence, the observations in the present
study. These results are clinically pertinent given how
patients with KL grades 3 and 4 — that is, more severe hip
OA - are more likely to require surgical interventions
such as total hip arthroplasty and, as mentioned earlier,
may have worse clinical outcomes in the setting of
concomitant osteoporosis.

Data from the current study suggests a direct association
of high BMI to the presence of osteoporosis, which is
again more significant among female patients. These
results challenge the notion of obesity being protective
against osteoporosis, providing further evidence for the
growing literature concerning the unfavorable effects of
obesity on bone density [29,31]. The data from the study
appears to reflect the conclusions of Tanchoco and
colleagues associating large body builds to osteoporosis
among Filipino adults [38]. It must be emphasized,
however, that BMI calculations only consider weight and
height as factors, without characterizing distributions of
body fat and muscle mass. There is growing pre-clinical
and clinical evidence to suggest that excess adiposity and
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low lean muscle mass can contribute to decreased bone
density and predispose an individual to osteoporosis
[35,36,37]. The findings of the present study may be
reflective of this process given how the patients involved
are older with chronic hip pain secondary to OA, which
may predispose them to sedentary lifestyles and
osteosarcopenic obesity, characterized by high fat with
concurrent loss of skeletal muscle [37]. This is further
supported by sub-group analysis of the present data
showing that significance is only observed among
women who generally present with higher adiposity
compared to men.

Certain limitations of the current study must be
acknowledged. Whereas older studies have relied on
measurements of bone density — quantified in g/cm’ — to
investigate the relationship of osteoporosis to OA, the
investigators opted to dichotomize patients into either
osteoporotic or non-osteoporotic categories in order to
focus on clinically pertinent disease. Nevertheless,
monitoring trends of bone loss over time is still best
accomplished using changes in bone density values over
the course of several years [24]. Such trends may provide
further insight concerning the relationship of
osteoporosis and OA; however, these lie beyond the

scope of this cross-sectional study.

Another limitation is the

population of male patients, which may have affected

relatively small sample
some of the results on sub-group analysis. Although both
osteoporosis and OA disproportionately affect women,
investigations involving older men may still provide
insight regarding the two diseases.

Finally, the retrospective nature of the study is its most
significant limitation, which restricted the extent of
clinical data that could be examined. Apart from
advanced age, there is limited information as to why
central DXA was performed in this population. The hip
radiographs would typically suffice for the primary
complaint of chronic hip pain among the patients in the
study, but the presence of other symptoms, if there are
any, were not investigated. These unidentified factors
may have contributed to the unexpectedly large number
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of patients who had both osteoporosis and OA in this
population. Although the study delved into the potential
role of BMI in mediating the relationship between
osteoporosis and OA, other conditions and metabolic
states that could have affected both bone density and
the hip joints were not investigated. Moreover, it must
be acknowledged that the interval of several months
between the hip radiographs and central DXA studies of
some patients may have allowed extraneous variables to
affect the findings. A prospective study, in contrast, may
allow for a shorter time interval between the diagnostic
studies, leading to stronger conclusions regarding the
relationship of the two bone-related diseases.

CONCLUSIONS

In summary, osteoporosis may be found in a sizable
proportion of older Filipino patients with hip OA,
particularly among women. Furthermore, the presence
of osteoporosis was positively associated with higher
radiologic KL grading of the hips. The coexistence of both
diseases may be mediated by obesity, a risk factor for OA
that was previously thought to be protective against
osteoporosis. The study found a positive association
between osteoporosis and BMI, which suggests that
obesity may not necessarily protect against osteoporosis
in this particular population, possibly due to increased
adiposity and decreased lean muscle mass.

RECOMMENDATIONS

Screening for osteoporosis using bone mineral
densitometry may be warranted in older Filipinos with
suspected or known hip OA given the substantial
likelihood of an individual having both conditions.
Further

osteoporosis and hip OA are recommended, involving a

studies regarding the relationship of
larger sample population that would ideally include more

male participants. Moreover, longitudinal studies
involving serial central DXA scanning and hip radiographs
can provide insights concerning the changes in radiologic
KL grading and bone density over the course of several
years. In view of the current study’s findings regarding

the relationship of obesity and osteoporosis, evaluating
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fat and lean muscle mass distribution among patients
with concomitant OA and osteoporosis is recommended.
Conveniently, the same DXA scanners used for bone
body
composition studies, which would provide a wealth of

mineral densitometry are capable of total

information for future investigators.
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ABSTRACT

99m (99m

This study aims to determine the diagnostic value of a ™" Tc-pertechnetate TcO-4) thyroid scan among
patients with DTC who underwent thyroidectomy to assess functioning thyroid remnants before radioactive
iodine therapy. A retrospective non-experimental cross-sectional design was done to compare the results of the
9m Tc0-4 thyroid scan with the patient's post-RAl scan. A review of all our patients' charts was done for eight
years, and after excluding those that did not fit the criteria, 70 patients were included in the study. Data
collected was analyzed on a "per patient" basis— where patients either had a "positive scan" or "negative scan”,
and on a "per lesion" basis — where every lesion's presence and size were compared on both modalities.
%M TcO-4 thyroid scan in the "per patient” analysis showed a sensitivity of 73.91%, specificity of 100%, positive
predictive value (PPV) or 100%, and accuracy of 74.29%, however, negative predictive value was determined to
be 5.26%. In the "per lesion" analysis, the scan had a less favorable performance with the computed sensitivity
of 61.69%, PPV of 94.93%, and accuracy at 59.41%. It was then concluded that 99mTc-pertechnetate scan may
be useful in determining functioning remnant thyroid tissue and subsequent management of DTC patients after

thyroidectomy, but must take note of its low negative predictive value.

99m

Keywords: Thyroid cancer, ”" Tc-pertechnetate scan,

INTRODUCTION

Thyroid cancer cases have been on the rise and is
estimated globally to have 586,202 new cases in 2020,
where 43,464 have succumbed to the disease [1]. The
increase in the trend of diagnosed thyroid cancer
patients was suggested to have been contributed by
increasing early detection with the use of evolving
technology and surveillance [2]. In the Philippine Interim
Clinical Practice Guidelines for the Diagnosis and
Management of Well-Differentiated Thyroid Cancer
released in 2021, thyroid cancer in the Philippines
ranked as the 6™ most common cancer, ranking 21%" as
the cause of cancer-related mortality [3].

Currently, the management for well-differentiated
thyroid cancer is mainly surgical. This may be followed
with a conservative approach (monitoring and
surveillance) or adjunctive/ablative radioactive iodine

36

131
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therapy. The Philippine Interim CPG recommends the
consideration of the post-operative disease status of the
patient as the attending physician decides on the next
steps in the management of the patient [3]. The 2015
ATA guidelines report that post-operative imaging can
change clinical management as it can modify the status
assessment based on the results of the scan. Should RAI
be considered, a pre-ablation low-dose 31odine whole
body scan is ideal to guide the clinician in prescribing the
dose, along with other diagnostics such as neck
ultrasound, serum tumor markers, and thyroid
stimulating hormone [4].

Unfortunately, the low-dose 31odine scan comes with

its issues. Multiple studies have shown that diagnostic
radioactive iodine is associated with an increased risk of
ablation failure or "stunning" as mentioned in the 2015
ATA Guidelines [4]. A study by Park and colleagues
showed that in patients who underwent diagnostic
131lodine scan (dose of 3 to 10 mCi), there were 20 out
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26 patients that showed impairment of radioiodine
uptake on post-therapy scans compared to the group
that used *lodine [5]. To address this, the guidelines
recommend using a lower dose of B31odine (1-3 mCi) or
an alternative radioisotope such as *?lodine to minimize
the risk of ablation failure [4]. At present, 12| 0dine is not
locally available in the Philippines. In our institution, as
an alternative to 123Iodine, the *°™ Tco-4 thyroid scan
was used to assess for functioning tissue remnants,
although not particularly mentioned in the existing
clinical guidelines. Given the pathophysiology of the well
-differentiated tumor, its use appears plausible, with the
additional benefit of its favorable cost and availability
and the absence of possible "stunning." On literature
review, other institutions have also employed **™ TcO-4
thyroid scan with the same objectives and have also
attempted to determine the accuracy of this scan in
determining thyroid tissue remnants. Their data showed
promising results, but due to their limited sample size,
there is still a lack of robust evidence to support its
reliability. Several of them have vyielded values for
sensitivity of 77-81% (patient-based) and 59-61% (lesion-
based), with PPV of 100% (patient-based) and 81-99%
(lesion-based) [6]. Other studies reported less impressive
data, with a sensitivity of only 13% for *™ TcO-4 thyroid
scan — significantly inferior to a diagnostic radioactive
iodine scan having 67% sensitivity [7].

Locally, there is no established data on the clinical utility
of ®™ TcO-4 scan. As mentioned above, it is still being
utilized as an alternative to an **'lodine diagnostic scan
despite the scarcity of information concerning its
accuracy. This study then aims to compare **™ TcO-4 scan
with the post-RAl scans and determine its sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy in detecting remnant thyroid tissue
in well-differentiated thyroid cancer patients. In doing
this, we hope to contribute relevant information
concerning the utility of this easily accessible and
inexpensive diagnostic test to guide our Nuclear
Medicine physicians in their practice.

MATERIALS AND METHODS

Patients and Data Collection
A retrospective, non-experimental, cross-sectional study

design was used for this study. A review of records of
thyroidectomized patients who have undergone their
first RAI remnant ablation or adjunctive therapy for the
past eight years was done (January 2015 - August 2022).
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Included in the data pool are patients aged 19-90 years
old with histopathologically proven well-differentiated
thyroid cancer (Papillary Thyroid Cancer or Follicular
Thyroid Cancer), excluding patients with known distant
metastases. We excluded those with distant metastases
since most of these patients almost always warranted
subsequent RAIl therapy, with their post-operative
stratification being high risk [3,4]. This means that the
presence or absence of residual disease in the neck area
may have less gravity in the decision-making process in
this population versus those who are at low to
intermediate risk. Those included in the study must also
have undergone one of the following operations: 1) Near
-Total, 2) Total Thyroidectomy, and/or 3) Completion
Thyroidectomy, since patients who have undergone
partial thyroidectomy or lobectomy are not
recommended to undergo RAI [3,4]. A total of 256
patient records were initially reviewed. After eliminating
pediatric patients, those with high-risk stratification, and
those with no existing record of *>™ TcO-4 thyroid scan or
post-therapy scans, a total of 70 patients remained to be
part of the analysis. Figure 1 illustrates the selection
process of eligible records.

Patient Preparation and Tc-99m

Pertechnetate Scan

Our patients had their post—thyroidectomy **"TcO-4

Census of RAI Therapy from
January 2015 to August 2022

n=256

Eliminated repeat RAI
Eliminated high-risk patients

n=34

Eliminated pediatric patients

[y

n=2

Eliminated for having no record
of #*™Tc0r, thyroid scan

n=138

Eliminated for having no record
of post-therapy scan

n=12

A

Total patients included in the
study

n=70

FIGURE 1. . Patient Selection Flow Chart
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thyroid scan acquired at least 4-6 weeks after the
operation. For patients who were already on thyroid
hormone replacement therapy, the thyroid scan was
further delayed for 4-6 weeks after cessation of the
medication. The patients were also put on a low-iodine
diet at this time. A dose of 259 MBq (7 mCi) of **™TcO-4
was given intravenously and was imaged 20 minutes
after. Imaging was done using a Mediso Anyscan SPECT
gamma-camera using a low energy high-resolution
parallel-hole collimator at 20% energy window centered
at 140 keV (frame size 256 X 256). Anterior, right
anterior oblique, and left anterior oblique static views
with markers on surgical scars and the sternal notch was
acquired. The images were processed using the
InterViewXP Clinical Processing System.

Post-Radioactive lodine Therapy Whole Body
Scan

Prior to therapy, TSH values were measured. At serum
TSH of 30 mlIU/L, they then proceeded to RAI therapy. A
post-therapy whole body scan was done after 72-168
hours post oral administration of RAIl. Our patients
received doses ranging from 1850 to 5550 MBq (50-150
mCi) of *!I. Whole-body scan acquisition was done using
the Mediso Anyscan SPECT gamma-camera using a high
energy parallel-hole collimator at 20% energy window
centered at 364 keV (frame size 256 X 256). An
additional view of the thyroid bed anteriorly using the
high-energy parallel-hole collimator was also acquired.

Data Analysis

The images were again reviewed and blindly interpreted
by us. The lesions were also individually remeasured
blindly by 1) an experienced nuclear medicine
technologist and 2) repeated by us. The average of the
two values were used for data analysis.

The data gathered was analyzed on a "Per-Patient" and
"Per-Lesion" basis. For the purposes of this study, the
B post-therapy scans of the patients were regarded as
the "gold standard" to compute for the sensitivity,
specificity, PPV, NPV, and accuracy of PMrc0-4 thyroid
scan.

For the "Per-Patient" analysis, A 99mTcO—4thyroid scan

was deemed "positive" if at least one lesion was present
in the scan. A lesion is any abnormal uptake in the neck
area. The same method was used to identify a positive
scan for a post—ml post-therapy scan. The results of the
PMTc0-4 thyroid scan were compared with the patient's
radioactive iodine (RAI) post-therapy scan using a paired
T-test. For the "Per-Lesion" analysis, lesion presence and
size were compared in both scans. Lengths and widths
(in centimeters) of the lesions were measured. Lesions
that were not present in either scan had measurements
of 0 cm. A paired T-test was applied to compare the
length and width of *™TcO-4 and post-therapy scan
results. Analysis was done using Medcalc Statistical
software with a significance level set at 0.05

RESULTS

Seventy patients fulfilled the inclusion and exclusion
criteria and were included in the study. The majority of
the patients were females (77.1%). Most of our patients
were post-operatively stratified as low risk, and RAl
therapy doses ranged from 1,850 MBq to 5,550 MBq, as
seen in Table 1.

Table 2 shows the 2 x 2 contingency table of the patients'
thyroid and post—therapy scans. A total of 69 patients
presented with positive post-therapy scans. Among
these, 51 patients concordantly had positive thyroid

TABLE 1. Demographical and Clinical Characteristics

Age (years), mean + sd 46.5 + 13.7
Sex, n, %
Male 16 (22.9%)
Female 54 (77.1%)
Risk Stratification RAI Dose in MBq (mCi) n, %
Low-risk 1,850 (50) 10 (14.3%)
3,700 (100) 46 (65.7%)
Intermediate-risk 5,180 (140) 2 (2.86%)
5,550 (150) 12 (17.14%)
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scans (true positive), and 18 had negative thyroid scans
(false negative). One patient demonstrated both
negative °™TcO-4 and *!| scans (true negative).

The sensitivity, specificity, PPV, NPV, and accuracy of the
¥Mrc0-4 thyroid scan in detecting the presence of
thyroid remnants are shown in Table 3. The data reveals
that the sensitivity of the 99mTcO-4 thyroid scan in
predicting a positive 1311 Scan is 73.91%, specificity of
100%, positive predictive value of 100%, negative
predictive value of 5.26%, and accuracy of 74.29%.

Table 4 shows the 2 x 2 contingency table for the lesions
that were detected in both *"TcO-4 and post-
therapy scans. The ™TcO-4 thyroid scan detected 107
lesions, while 164 were noted in the ™! post-therapy
scans. One hundred-one lesions were detected in both
scans (true positives), with a congruence of 101/170
(59.4%).

Table 5 shows the diagnostic accuracy parameters
analyzed on a per-lesion basis. The sensitivity and
specificity of *™TcO-4 thyroid scan on a per lesion basis
are 61.69% and 0%, respectively. A high PPV was noted
at 94.39% and an NPV of 0%. Of note are the six lesions
that were present in the *™TcO-4 thyroid scan but not in

the post-therapy scan. The computed accuracy was
54.91%. The specificity and NPV of 0 in this instance are
irrelevant as it is impossible to quantify lesions that truly
do not exist.

To measure if there is a significant difference in the
dimensions of lesions detected in both scans, only
lesions that were present in both the PMTc0-4 thyroid
scan and | Post-Therapy Scan were analyzed. Table 6
reveals that there was a significant difference in the
lengths obtained by *™TcO-4 thyroid scan (M=1.98,
SD=0.98) and lengths measured in the post-therapy
scans (M=2.70, SD=2.49, p < 0.05). Similarly, there is a
significant difference in the width of lesions measured in
PMTcO-4 thyroid scan (M=1.48, SD=0.69) compared to
the widths measured in the post-therapy scans (M=2.26,
SD=0.88, p < 0.05). These results suggest that the
dimensions of the lesions measured are significantly
larger in the post-therapy scans compared to the
PMTc0-4 thyroid scan.

DISCUSSION

Per Patient Analysis

Our data shows that the *™Tc0-4 thyroid scan is 74.29%
accurate in determining thyroid remnants in post-
thyroidectomy patients. Its computed sensitivity is at

TABLE 2. Contingency Table for Per Patient Analysis

131

131

Positive "I Scan Negative ~| Scan Total
Positive *"TcO ", Scan 51 (TP) 0 (FP) 51
Negative *"Tc0O, Scan 18 (FN) 1(TN) 19
Total 69 1 70
TABLE 3. Diagnostic accuracy of *™TcO-4 thyroid scan (Per Patient)
95% ClI
Sensitivity 51/69 (73.91%) (61.94 to 83.75%)
Specificity 1/1 (100%) (2.50 to 100%)
PPV 51/51 (100%)
NPV 1/19 (5.26%) (3.60 to 7.63%)
Accuracy 74.29% (62.55 to 83.99%)
TABLE 4. Contingency table for the Per Lesion analysis
Positive in *'1 Scan Negative in B Scan Total
Positive in *"TcO", Scan 101 (TP) 6 (FP) 107
Negative in *"TcO , Scan 63 (FN) 0 (TN) 63
Total 164 6 170
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TABLE 5. Diagnostic accuracy o

f 99m

TcO-4 thyroid scan (Per Lesion)

95% Cl
Sensitivity 61.69% 53.68 to 69.09%
Specificity 0 0to 45.93%
PPV 94.39% 93.72 to 95%
NPV 0
Accuracy 59.41% 51.63 to 66.86%

TABLE 6. Comparison of lengths and widths of lesions present in both PMre0-4 thyroid scan and B3 post-therapy scan

Tc-99m Thyroid Scan

Post-Therapy Scan Result

n Mean SD Median Mean SD Median DI
Overall Length 101 1.98 0.97 1.72 2.70 0.95 2.49 0.0001
Overall Width 101 1.48 0.69 1.37 2.26 0.88 2.13 0.0001

73.91%, which does not fare differently from the results
of similar studies, which showed sensitivities of 72.2%-
81% [6,8,9]. The positive predictive value of 100% is
likewise similar or identical to the results of the same
publications. Our data suggests that a fair number of
patients with positive !l post-therapy scans can be
predicted by the PMre0-4 thyroid scan among patients
with low to intermediate-risk DTC.

The specificity of *™TcO-4 thyroid scan was computed to

be 100%. Our data was significantly greater compared to
another study, which showed specificity estimation of
70.5% [8]. However, it is important to consider that only
one was truly negative, and was the only value used to
compute for the specificity. Similar studies conducted by
Kueh [6] and Tsai [9] could not produce estimates for
specificity since their study samples all had positive post-
therapy scans. NPV was likewise not possible to compute
in their studies.

Our negative predictive value was computed to be
5.26%. This was expected given that there were 18
(26.1%) patients with negative **"TcO-4 thyroid scans
that were positive in their post-thyroidectomy scans.
This shows then that a negative **™TcO-4 thyroid scan is
unlikely to indicate the absence of a thyroid remnant
tissue.

Per Lesion Analysis

It was found that the *™TcO-4 thyroid scan had a
sensitivity of 61.69% and a positive predictive value of
94.39%. This indicates that only a little more than half of
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the lesions can appear in the ™ TcO-4 thyroid scans, but

its presence in the **™TcO-4 thyroid scan almost
guarantees its uptake in the subsequent post-therapy
scan. A representative image from a patient in Figure 2
demonstrates lesions not detected in the *"TcO-4
thyroid scan, which then appeared in the post-therapy
scan.

This was almost similar to the results of Tsai [9] which
were 59% (sensitivity) and 100% (PPV). The specificity
and negative predictive value were both 0, as expected.
A limitation in this analysis was the absence of lesions in
our gold standard that can only be quantified as 0 and
would mathematically give us no value. Interestingly, six
false-positive lesions were identified in the *"TcO-4
thyroid scan, which was not identified in the
post—thyroidectomy scan. A study by Long similarly

encountered false positive lesions in their study, which
also compared a **"TcO-4 scan with post-therapy scans.

One focus of **™TcO-4 uptake was seen in the axillary
lymph nodes and was speculated to be lymphatic
drainage of the radiotracer from the injection site [10].
This might not be a plausible explanation for our case
since we only assessed the neck area, and it is unlikely
that the tracer will concentrate in the cervical nodes. It
may be possible that interpretation error may be
involved, such as physiologic *™TcO-4 uptake in the
salivary glands, or may also be explained by increased
tracer accumulation secondary to an inflammatory
process [9].

The lesion dimensions measured in the 99mTcO-4 scan
and post-therapy scans were also compared, showing a
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FIGURE 2. False negative lesions. A. 99mTc0'4 thyroid scan shows a mild uptake in the midline;
B Post-RAl scan in the same patient showing four foci of intense iodine uptake in the neck

significant difference in the lesion length and width.
Although statistically different, scintigraphic images are
unreliable in measuring organ volume. A communication
by Tanahill revealed that thyroid scintigraphy thyroid
measurement using ¥Mrc0-4 did not correlate to
ultrasound, surgical specimens, or clinical palpation [11].
This disagreement on size measurement may be
operator-dependent but may be addressed by
concomitant anatomic imaging such as SPECT/CT. Size
measurement is vital as it can impact subsequent
management. To illustrate, a study comparing thyroid
volume measurement using radioiodine versus
ultrasonography found that scintigraphic volume
estimation using the Himanka formula overestimated the
thyroid volume by 53% in patients with diffuse goiter
dose. The variability in computed volume using
scintigraphy also resulted in differences in therapeutic
radioiodine dose [12].

Limitations and Pitfalls

The ®™Tc0O-4 scintigraphy may show uptake of remnants
due to its ability to be taken up by functioning thyroid
tissue through the sodium iodide transporters and
trapped without proceeding to organification. It is also
more accessible and has more favorable imaging
characteristics (i.e., half-life of 6 hours and a photopeak
of 140 keV) compared to the *'lodine [13]. However,
our data has shown its limitations in its ability to
demonstrate all functioning thyroid tissue, and while
focal uptake in the thyroid bed is considered a remnant,
certainty of its histology is not certain due to the lack of
corresponding anatomical imaging. In this case, the
addition of SPECT/CT may give us more valuable
information in the same way it has in other literature. A
study conducted by Chantadisai, which investigated the
usefulness of a whole body **™TcO-4 imaging with
SPECT/CT to detect remnants and metastasis, has shown
that out of the 111 positive foci of **™Tc-pertechnetate,
106 were seen in the thyroid bed, two foci in the lymph
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nodes and one bone lesion [14]. Another study was
likewise able to identify extrathyroidal
PMTc-pertechnetate uptake, with high sensitivity for
regional nodal metastasis but low sensitivity for distant
metastasis. SPECT/CT for patients with equivocal
99mTc—pertechnetate scans was done and ultimately
confirmed mediastinal uptake in 2 patients and only
physiologic esophageal activity in 2 other patients [15].
Utilization of  SPECT/CT is recommended if
99mTc—pertechnetate thyroid scan is contemplated, and
especially if a E’E’mTc—pertechneta‘ce whole body scan
being considered.

We focused mainly on thyroid remnant tissue and did
not attempt to evaluate distant metastases, so we only
included patients with low to intermediate-risk
stratification. Our investigation is also limited to
well-differentiated thyroid carcinoma, and patients
demonstrating dedifferentiation will entail an entirely
different study.

Impact on Management

The ®™Tc-pertechnetate scan may help determine the
following steps after confirming functioning thyroid
remnant post-thyroidectomy. Although remnant ablation
in low-risk patients is not always recommended, it was
reported that more than 90% of post-thyroidectomy
patients across the Asia-Pacific region are treated with
radioactive iodine ablation therapy [16]. This may be due
to the higher risk of recurrence in this population,
resulting in a more aggressive approach. It was also
reported that Filipinos are more at risk for disease
recurrence [3]. A retrospective study by Lo concluded
that Filipinos are associated with a more aggressive
papillary thyroid cancer disease course. However,
follicular thyroid cancer patients did not have any
significant risk compared to other populations. It was
also found that their patients who underwent RAI
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therapy, along with surgical management and TSH
suppression therapy achieved a disease-free status on
long-term  follow-up.[17] With this knowledge,
identifying the presence of thyroid remnants can aid the
physician in weighing the risk and benefits of an ablative
RAI .

CONCLUSION

PMTc pertechnetate thyroid scan has a high sensitivity

and predictive value for determining thyroid remnants
on per-patient and per-lesion analyses. However, its low
negative predictive value warrants cautious utilization of
the **™Tc pertechnetate thyroid scan, and must not be
complacent about the absence of remnants in a negative
thyroid scan. The significant difference in lesion size
measurements between the *"Tc pertechnetate thyroid
and post-therapy scans suggests that this may not
accurately measure the remnants. To address the
limitations of **™Tc pertechnetate thyroid scan, we
recommend the addition of SPECT/CT and further
exploring its utility in determining regional and distant
metastases. Overall, the 99mTc—pertechnetate scan is
useful in determining functioning remnant thyroid tissue
and subsequent management of DTC patients after
thyroidectomy.
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ABSTRACT

Introduction:

8F_PSMA-1007 is a novel prostate-specific membrane antigen (PSMA)-based radiopharmaceutical for imaging
prostate cancer. The recommended imaging time is 60 minutes post-injection of the radiotracer. However,
during this time there is a physiologic accumulation of the radiotracer in the urinary bladder which sometimes
may obscure lesions adjacent to it.

Objective:

This study aims to determine if early dynamic imaging in addition to the = recommended 60-minute post-
injection static imaging can improve the detection of PSMA-avid lesions in the staging and restaging of prostate
cancer.

Methods:

Th/s is a retrospective cross-sectional study of the detection rate of early dynamic and static imaging using

8F_PSMA-1007 PET/CT scan in patients with prostate cancer (PCaj who were referred for initial staging or
restaging. The McNemar test was used to compare the detection rate between the two imaging. Spearman
correlation was used to determine the correlation of Gleason score (GS), PSA, and SUVmax values.

Results:

8F_PSMA-1007 PET/CT scans of 53 patients with prostate cancer, were referred for either staging (22/53) or
restaging (31/53), all of whom had undergone both early dynamic and static imaging. Among the 53 patients,
5 had 2 lesions each, for a total of 58 lesions were included in the analysis. There were 48/58 lesions detected
on both early dynamic and static imaging, 2/58 lesions were only detected in the early imaging, 1/58 lesions
was only detected in the static imaging, and 7/58 were not detected on both imaging. McNemar the test was
not statistically significant (p = 1.000) in the detection rate of the two methods. There is a positive correlation
between serum PSA levels and SUVmax measurements for all the patients. Only the correlation between the GS
and SUVmax in the static imaging of the staging group was statistically significant.

Conclusion:

Early dynamic imaging may be an adjunctive procedure in detecting PSMA-avid lesions, particularly in the basal
segment of the prostate gland near the urinary bladder. However it is not recommended as a standard
component of the comprehensive protocol for imaging usmg 8F-PSMA-1007 PET/CT in patients with PCa.

Keywords: 8F_pSMA-1007 PET/CT scan, dynamic imaging, static imaging, prostate cancer
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INTRODUCTION

Prostatic malignancy is the fourth most common cancer
worldwide, and the third leading malignancy site in
males in the Philippines, with an age-standardized inci-
dence rate (ASR) of 21.9 per 100,000 population [1, 2].
The gold standard for the diagnosis of prostate
carcinoma is a histological assessment usually obtained
by transrectal ultrasound-guided systematic core needle
biopsy [3]. An important histopathologic parameter is
the Gleason Score (GS) which reflects the grade of
differentiation of prostate cancer (PCa) and thus
correlates with tumor aggressiveness [4]. The standard
treatment of PCa involves prostatectomy and
radiotherapy. Although this treatment is curative for
some, 20 to 30% experience a recurrence typically
detected when there is a rise in serum prostate-specific
antigen (PSA) levels after initial treatment [5, 6, 7, 8].

The role of conventional imaging modalities (CT,
MRI, 99mTc-MDP bone scan) is limited in PCa recurrence
assessment, as well as in the detection of nodal and
distant disease [9, 10, 11, 12]. Due to this, there is a
need to develop new diagnostic methods to allow an
accurate means of staging and restaging of PCa. In recent
years, Positron Emission Tomography (PET) with
fluorodeoxyglucose and choline-based radiotracers have
been introduced for the diagnosis and staging of PCa
with the eventual development of targeted imaging
using prostate-specific membrane antigen (PSMA) [13,
14, 15]. PSMA is a transmembrane glycoprotein
over-expressed in prostate cancer cells and shows low
expression in benign prostatic tissue [16]. It has been
used in various clinical management of PCa, such as
staging primary tumors, localization of biochemical
relapse, planning for radiotherapy, prediction, and
assessment of treatment response. Several radiolabeled
PSMA probes were developed including the most widely
used Gallium-68 Prostate Specific Membrane
Antigen-110 (**Ga-PSMA-110 [15, 17, 18, 19]. It is
superior to conventional imaging and choline-based
PET/CT for evaluating PCa patients with biochemical
recurrence but also for staging purposes [20]. However,
the disadvantage of ®®Ga-PSMA as a radiotracer is its
high accumulation in the urinary bladder which may
influence the uptake evaluation of the prostate bed [21].
The introduction of a novel PSMA - based
radiopharmaceutical, Fluorine-18 Prostate Specific
Membrane Antigen-1007 (*®F-PSMA-1007), offers several
advantages over ®Ga-PSMA [14, 15]. It is primarily
excreted in the hepatobiliary tract and shows a relatively
lower urinary bladder activity, hence it can be used in
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evaluating cases of local tumor recurrence and unclear
lesions adjacent to the wurinary bladder [15, 19].
Moreover, *F-PSMA has a longer half-life (T1/2 = 109
min), higher physical spatial resolution, and larger dose
since it is produced by a cyclotron as compared to
Gallium-68 which is derived from elution of 68Ge/68Ga
generators [15]. The larger dose produced via cyclotron
leads to a greater number of patients that can be
accommodated. Studies show that **F-PSMA is useful in
staging PCa and positively correlates the SUV values of
PSMA-avid lesions with PSA level and GS [14, 15, 22].

In the Philippines, several institutions are utilizing
¥E_PSMA-1007 PET/CT scans in the diagnosis of PCa
namely: Cardinal Santos Medical Center (CSMC), Chinese
General Hospital and Medical Center (CGHMC), Centuria
Medical Makati (CMM), iScan Diagnostic Center, National
Kidney and Transplant Institute (NKTI), and The Medical
City (TMC); all of which are located in Metro Manila.
Amongst the said institutions, only the CSMC performed
early dynamic imaging in ®F-PSMA-1007 PET/CT scans
from August 2020 to March 2022. With the current
clinical data, there is no standard protocol in the imaging
time of ®F-PSMA-1007 published, however, studies
recommend static imaging ranging from 40 to 90
minutes post-injection, most commonly used is 60
minutes, to allow for radiotracer uptake [15, 22, 23, 24,
25, 26).

Dynamic PET/CT scan is a modality that allows
registration of pharmacokinetic information over time,
while classical static whole-body PET/CT protocols
enable the acquisition of patient images only at a
one-time point after tracer injection [27]. In the dynamic
PET/CT scan, studies have shown that in the first few
minutes post-injection, radiotracer uptake of local
prostate cancer lesions is visible before its accumulation
in the urinary bladder [16]. Hence, the use of dynamic
imaging can aid in the detection of PSMA-avid lesions
within the proximity of the urinary bladder. When
viewed in static imaging, these lesions can be obscured
by the physiologic activity in the bladder. A study by
Barakat et al. demonstrated that early dynamic imaging
using 8Ga-PSMA PET/CT scan increases the detection of
PSMA-avid lesions in the anterior portion of the prostate
and is suggestive of prostate cancer or its recurrence
[28]. There is limited published data on the diagnostic
efficacy of ®F-PSMA-1007 PET/CT scan and no study on
its use with early dynamic imaging. This study aims to
show the detection rate of *®F-PSMA PET/CT scan in ear-
ly dynamic imaging as an adjunct to the standard 60-
minute post-injection static imaging, in the staging and
restaging of prostate cancer. Furthermore, to analyze
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the correlation between the GS and PSA value with the
SUV level of the lesions.

MATERIALS AND METHODS

Ethical approval:

This study was approved by the Ethics Review Board
(ERB) of CSMC with RERC CODE 2021-023. The need for
written informed consent was waived by the ERB due to
the study’s use of the retrospective method of data
collection. This study was conducted in strict compliance
with the provisions of the Philippine Data Privacy Act of
2012 (Republic Act of No. 10173). All imaging procedures
performed were following the tenets of the Declaration
of Helsinki and its amendments.

Patient:

A pilot sample of 53 patients was retrospectively
analyzed in this study. Patients with biopsy-proven
prostate carcinoma, who underwent both early dynamic
and standard static ‘®F-PSMA-1007 PET/CT scans
between August 2020 to March 2021 in a single-center
hospital (Cardinal Santos Medical Center) were included.
All the patients were referred for baseline staging or
restaging of prostate cancer. Patients with multiple
primary cancer, not-biopsy-proven prostate cancer, and
those with technically inadequate studies (e.g. motion
artifacts, incomplete study) were excluded. Eligible data
such as the patient’s age, GS, serum PSA levels (ng/mL),
previous and ongoing treatments (radical prostatectomy,
radiotherapy, hormonal therapy), and *F-PSMA-1007
PET/CT findings were assessed. The scans were assigned
to two groups according to clinical purpose: (1) staging
of disease and (2) restaging. Patients who underwent
BF-.PSMA PET/CT scans before initiation of treatment
were classified under the “staging group” while patients
who underwent PET/CT scans after treatment were
classified as the “restaging group”. Of 53 patients, 22
were included in the staging group and 31 in the
re-staging group.

Radiotracer:
8F_PSMA-1007 radiotracers provided by the Khealth
Corporation were utilized in this study.

Image acquisition:

Each patient received 148-444 MBq of BE_psmA
intravenously depending on the computed dose base on
the body weight. Data acquisition consists of two parts:
early dynamic imaging which is followed by static
imaging (whole-body PET/CT). Early dynamic studies
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were performed over the lower abdomen to the pelvic
area and acquired at the time of injection up to 6
minutes post-injection; while the static (whole-body)
imaging was acquired at 60 minutes post-injection.
Patients were asked to urinate before both imaging
modalities.

8F_PSMA-1007 PET/CT acquisition was performed on a
GE Discovery 71.0 scanner. This system has a time-of-
flight (TOF) capable technology with a full
three-dimensional PET and a 64-slice CT. PET acquisition
time was at 2 minutes per bed position for the whole
body and 0.5 to 1 minute per bed position for the lower
extremities using the TOF-PET technique. The exact CT
parameters used for unenhanced acquisition include 0.8
pitch, 0.75-second rotation time, and effective tube
current-time product range of 50-300 milliamperes (mA);
these were dependent on the body thickness and tube
voltage of 120 kilovoltage peak (kVp). Finally, image
reconstruction was performed at a slice thickness of 3.75
mm for PET/CT.

Image Evaluation:

Images were interpreted using the dedicated
commercially available Autonomous Database
Warehouse (ADW) Linux software which provides PET,
CT, and fused PET/CT imaging data in the axial, coronal,
and sagittal planes. All PET imaging was attenuation
corrected (AC) and had undergone Q-clear technology
using the GE Discovery 7.10 scanner. The images were
reconstructed and the maximum standardized uptake
value (SUVmax) of the detected focal lesions was
measured. The SUVmax measured in the early dynamic
and static images was used for the quantification of
tracer data. The visible prostate cancer lesions in the
early dynamic and static images were independently
reviewed, qualitatively, and quantitatively scored by two
nuclear medicine physicians and two radiologists. All
disagreements in the interpretation of the results in the
provided images were resolved through consensus. Any
focal uptake in the prostate or prostate bed with
SUVmax greater than 2.5 g/ml or greater than the
background was considered pathologic and suggestive of
malignancy. In this study, such lesions were categorized
as ‘positive’ while lesions that did not show an increase
in tracer uptake in comparison to the surrounding tissue,
or those with undetectable lesions were categorized as
‘negative’.

Statistical Analysis:
Age was reported as mean *standard deviation (SD).

Serum PSA and SUVmax were reported as median with
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interquartile range (IQR). Stata 16.1 software was used
for data processing and analysis. Continuous variables
based on data distribution were presented as mean * SD
or median IQR. Categorical variables were reported as
frequencies and percentages. The McNemar test was
used to compare the detection rate between early
dynamic and static imaging. Shapiro-Wilk test was
utilized to test whether the data provided in the GS,
serum PSA and SUVmax levels were normally distributed.
The null hypothesis of the Shapiro-Wilk test was used as
a reference in assessing if the data collected were
normally distributed. A significance level of 0.05 was
used as the threshold to determine whether to accept or
reject the null hypothesis. The result of the Shapiro-Wilk
test showed that the data provided on the
above-mentioned parameters were not normally
distributed hence, Spearman correlation was performed.
The following were used to determine the correlation of
GS and serum PSA with the SUVmax of the lesions:
0-0.10 (negligible correlation), 0.10-0.39 (weak
correlation), 0.40-0.69 (moderate correlation), 0.70-0.89
(strong correlation), and 0.90-1.00 (very strong
correlation). P values less than 0.05 were considered
statistically significant.

RESULTS

Out of the 53 patients, 22 (41.51%) were referred for
initial staging and 31 (58.49%) for restaging. The same
22 patients had not received any treatment at the time
of the study. Among those who had undergone
treatment, 5 had hormonal therapy only, 14 had radical
prostatectomy only, 7 had radiotherapy only, and 5 had
received two of the previous treatments. The mean age
of all the patients was 68.72 years with an interquartile
range (IQR) from 63 to 76 years old. The median serum
PSA level of all patients is 11.90 ng/mL (IQR: 2.20 to
68.50 ng/mL), while the median GS is 7.00 (IQR: 6 to 8)
(Table 1).

On one hand, the staging group had a median GS of 7
(IQR: 6.00 — 9.00), median serum PSA of 16.68 ng/ml
(IQR: 10.10 — 51.83), median early dynamic imaging
SUVmax of 5.3 (IQR: 4.75 — 7.55) and median static
imaging SUVmax of 25.6 (IQR: 22.43 — 43.20). On the
other hand, the restaging group had a median GS of 7
(1QR: 6.00 — 8.00), median serum PSA of 6.21 ng/ml (IQR:
0.80 — 68.50), median early dynamic imaging SUVmax of
4.4 (IQR: 3.45 — 5.15) and median static imaging SUVmax
of 11.0 (IQR: 5.80 — 26.05), respectively (Table 2).

It must be noted that although there were 53 patients, 5
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patients had two lesions each, making a total of 58
lesions included in the analysis (Table 3).

Out of the 58 lesions in the sample, 48 (84.48%) were
detected by both early dynamic and static imaging, 2
(3.45%) were detected by early dynamic imaging and not
seen on static imaging, 1 lesion (1.72%) was not
appreciated on early dynamic imaging but was observed
on static imaging, while 7 lesions (12.07%) were not
observed on both early dynamic and static imaging
(Table 3). McNemar’'s test showed that there is no
statistical difference in the detection rate of lesions on
both early dynamic and static imaging.

From the staging group, 3 out of the 22 patients had two
lesions each, with a total of 25 lesions. Out of the 25
lesions, 23 (92%) were detected by both early dynamic
and static imaging, and 2 (8%) were detected by early
dynamic imaging but were undetected by static imaging.
In total, all of the lesions in the patients from the staging
group were detected by early dynamic imaging (Table 4).
McNemar’s test shows no significant difference in the
detection rate of both imaging.

Thirty-three lesions were included in the restaging
group; of which, 25 (75.76%) were detected by both
early dynamic and static imaging, 1 (3.03%) was detected
by static imaging but undetected by early dynamic
imaging, and 7 (21.21%) were undetected by both
methods. In total, 25 out of the 33 (75.76%) lesions were
detected by early dynamic imaging, which is slightly
lower (78.79%) than the detection rate of static imaging
(Table 5). McNemar's test shows that there is no
significant difference in the detection rate of the two
methods.

In the Shapiro-Wilk test, the GS, PSA, SUVmax of early
dynamic imaging, and SUVmax of static imaging are not
normally distributed (p = 0.0000).

Based on the results in Table 6, only the correlation
between GS and SUVmax levels using static imaging for
patients in the staging group is statistically significant.
The correlation implies that there is a positive and
moderate correlation between GS and levels of SUVmax
for static imaging of patients in the staging group. The
rest of the parameters for GS correlation are statistically
insignificant (weak).

For the serum PSA (Table 6), only the correlation
between the values of serum PSA and SUVmax in the
restaging group of patients on early dynamic and static
imaging, as well as in the staging group for the early
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TABLE 1. Clinical profile and indication

Mean (tStandard Deviation) Median Interquartile Range
Age (years) 68.72 (£ 9.73) 69.00 63.00-76.00
Serum PSA (ng/ml)*! 45.72 (£ 91.23) 11.90 2.20-68.50
Gleason Score’ 7.25 (£ 1.46) 7.00 6.00 —8.00
Profiles Frequency | Percentage
Indication
Staging 22 41.51%
Restaging 31 58.49%
Treatment
Hormonal Therapy only 5 9.43%
Radical Prostatectomy only 14 26.42%
Radiotherapy only 7 13.21%
Hormonal Therapy and Radical Prostatectomy 3 5.66%
Hormonal Therapy and Radiotherapy 2 3.77%
Radical Prostatectomy and Radiotherapy - -
Hormonal Therapy, Radical Prostatectomy, and - -
Radiotherapy

! No PSA level data were obtained from four (4) patients.
2 No Gleason Score data were obtained from nine (9) patients.

TABLE 2. Gleason Scores, PSA Levels, and SUV Levels of patients per indication

Profiles Staging Group Restaging Group
PSA level (ng/ml)
Mean (+ Standard Deviation) 35.75 (£ 36.73) 52.60 (+ 115.03)
Median 16.68 6.21
Interquartile Range 10.10-51.83 0.80-68.50
Gleason score
Mean (£ Standard Deviation) 7.38 (+ 1.24) 7.13 (+ 1.66)
Median 7.00 7.00
Interquartile Range 6.00-9.00 6.00-8.00
SUV level — Early Dynamic Imaging
Mean (+ Standard Deviation) 6.99 (+ 4.08) 4.60 (+1.52)
Median 5.30 4.40
Interquartile Range 4.75-7.55 3.45-5.15
SUV level — Static Imaging
Mean (+ Standard Deviation) 36.51 (+ 28.91) 31.05 (+ 87.33)
Median 25.60 11.00
Interquartile Range 22.43-43.20 5.80-26.05
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TABLE 3. Number of lesions detected on early dynamic and static imaging using 8F_pSMA-1007 PET/CT

scan in all patients

. . Static Imaging
Lesion Detection (n=58)
+ - Total
. 48 2 50
Early Dynamic (82.76%) (3.45%) (86.21%)
Imaging 1 7 8
i (1.72%) (12.07%) (13.79%)
Total 49 9 >8
(84.48%) (15.52%) (100.00%)
Test Statistics 0.330
P-value 0.564

TABLE 4. Number of lesions in patients from the staging group detected on early dynamic and static

imaging using ¥F_PSMA-1007 PET/CT scan

. . Static Imaging
Lesion Detection (n = 25) R Total
| _ N 23 2 25
el 7l (92.00%) (8.00%) (100.00%)
Imaging _ _ _
Total 23 2 25
(92.00%) (8.00%) (100.00%)
Test Statistics 2.000
P-value 0.157

TABLE 5. Number of lesions in patients from the restaging group detected on early dynamic and static

imaging using 18F-PSMA-1007 PET/CT scan

. . Static Imaging
Lesion Detection (n = 33)
+ - Total
N 25 3 25
Early Dynamic (75.76%) (75.76%)
Imaging 1 7 8
i (3.03%) (21.21%) (24.24%)
Total 26 ! 33
(78.79%) (21.21%) (100.00%)
Test Statistics 1.000
P-value 0.564

dynamic imaging were statistically significant. The three
correlation coefficients imply that there are positive and
moderate correlations between the said variables.

DISCUSSION

¥c_pSMA-1007 PET/CT is a new radiotracer used in
diagnosing patients with prostate cancer [14, 15]. The
recommended imaging time post-injection of the
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radiotracer is 40-90 minutes [15, 22, 23, 24, 25, 26].
Currently, there is no study on the use of early dynamic
imaging using 18F-PSMA-1007 PET/CT in detecting PCa
lesions. However, studies using 18F-Choline PET/CT in
diagnosing PCa, showed that early dynamic acquisition in
the pelvic region within 3-8 minutes post injection
helped to distinguish avid lesion from the urinary
bladder activity. The basis behind the use of early
dynamic imaging is that cancer lesions show radiotracer
accumulation before radiotracer buildup in the urinary
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TABLE 6. Correlation between the Gleason Scores, PSA, and SUVmax values of all patients

Comparison Correlation Correlation Si value Interpretation
Lomparison Coefficient Interpretation 8 P P
Gleason Scores vs. SUV Levels — all ptients 0.114 Weak 0.315 Insignificant
_Gleas_on _Scores VS. S_UV Levels — Early dynamic 0.157 Weak 0341 Insignificant
imaging in the Staging group

I . SUV Levels - ici i
Gleason Scores vs. SUV Levels - Static imaging 0.550 Moderate | 0.010 Significant
in the staging group
_Gleas_on _Scores VS. SU_V Levels — Early dynamic ~0.182 Weak 0.470 Insignificant
imaging in the restaging group
Gleason Scores vs. SUV Levels - Static imaging ~0.103 Weak 0.666 Insignificant

in the restaging group
PSA level vs. SUV Levels — All patients 0.334 Weak 0.001 Significant
PSA level vs. SUV Levels — Early dynamic

. . . 0.236 Weak 0.317 Insignificant
imaging in the staging group

PSA .Ievel vs. SUV Levels - Static imaging in the 0.403 Moderate 0.079 Insignificant
staging group

PSA level vs. SUV Levels ~Early dynamic 0.606 Moderate | 0.003 Significant
imaging in the restaging group

PSA level vs. SUV Levels - Static imaging in the 0.457 Moderate 0.017 Significant

restaging group

! Correlation coefficients between | 0.00 | and | 0.10 | are interpreted as having negligible correlation, | 0.10 | and | 0.39 | as weak, | 0.40 |
and | 0.69 | as moderate, | 0.70 | and | 0.89 | as strong, and | 0.90 | and | 1.00 | as very strong.
% Criteria: sig-value > 0.05 Not Significant (Accept Null Hypothesis)

sig-value < 0.05 Significant (Reject Null Hypothesis)

Lesion 1

Lesion 2 Lesion 1 Lesion 2 Lesion 1

Lesion 2

Lesion 2 Lesion 2

FIGURE 1. Axial cut of the *®F-PSMA-1007 PET/CT scan of a 55-year-old, male, for prostate cancer staging. (a) Two foci
of increased tracer activity were noted in the prostate gland in the early dynamic imaging (orange arrows). (b) In
comparison to static imaging, one of the lesions (lesion 1) was obscured by the radiotracer accumulation in the uri-
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bladder, which may obscure these lesions in the
standard imaging at 60 minutes. In a similar study by
Barakat et al., early imaging of Ga-68 PSMA PET/CT in
115 patients with PCa was examined. They acquired
images at 3- and 60-minutes post-injection. In their
study, 106 out of 115 lesions were detected on both
early and static imaging; while 8 out of 115 lesions were
only seen on early dynamic imaging. It showed a
statistically significant increase in the detected rate from
64% using standard imaging to 68% when performing
early imaging [28]. The author concluded that early
images may help increase the detection rate of PSMA-
avid lesions, in the anterior transition zone of the
prostate or anterior aspect of the prostate bed [28]. In
contrast to this study, there is no statistically significant
difference between the detection rate of PSMA-avid
lesions in both the early dynamic and static imaging in all
the patients. Although there is no significant difference,
the detection of 2/58 lesions in the early dynamic
imaging, which was not seen in the static imaging may
imply that early dynamic imaging may still aid in
assessing lesions in PCa. Upon review of the images,
these lesions were located in the basal segment of the
prostate gland which is near the urinary bladder neck
(Figure 1). This also demonstrates that prostate to
bladder ratio is higher in the early dynamic images than
in the static-60-minute imaging, due to the lesser
radiotracer activity in the bladder during the initial
phase.

At present, the recommended methods to reduce
radioactivity in the bladder include voiding before the
scan or the administration of diuretics like furosemide to
wash out accumulated radioactivity within the bladder.
However, these approaches are time-consuming, do not
sufficiently reduce bladder activity, and the use of
diuretics is often avoided in patients with renal
impairment [17]. The study of Perveen et al.
demonstrated that even after administration of diuretics
before imaging at 60 minutes post-injection, the bladder
activity remained increased compared to the early
imaging [29]. PSMA is a transmembrane glycoprotein
overexpressed in prostate cancer cells and shows low
expression in benign prostatic tissue, setting forth the
rationale for using 8F_pSMA-1007 PET/CT in detecting
prostate cancer lesions [13, 14, 15, 16]. GS reflects the
grade of differentiation of PCa and thus correlates with
tumor aggressiveness [4]. While PSA is a serine protease
enzyme produced by the columnar epithelium of the
prostatic tissue which is used in screening and
monitoring patients with PCa [5, 6, 7]. The most
common parameter used to measure tracer
accumulation in PET is the standardized uptake value

Phil J Nucl Med 2022; 17(2): 44 - 53

(SUV). It is a semi-quantitative measure of normalized
radioactivity concentration in PET images. A SUVmax of
2.5 or higher than the background is generally
considered to be indicative of malignant tissue [29, 30,
31, 32,33, 34]. Several studies using Ga68-PSMA and
8r_pPSMA-1007 PET/CT scans showed a statistically
significant correlation between serum PSA and SUVmax
in primary tumors [35, 36, 37, 38]. Therefore, as serum
PSA levels increase, the SUVmax value also increases and
thus results in a higher probability of detecting lesions in
cases of prostate cancer. Reflected in this study, is the
positive correlation between serum PSA levels and
SUVmax values in all of the patients and restaging group
patients. Patients who were referred for restaging
following treatment had lower median serum PSA and
SUVmax values compared to the group for initial staging.
No significant correlation was observed between GS and
SUVmax values in both early dynamic or static imaging
when all patients were analyzed. A significant correlation
was only seen among the initial staging group when
stratified. In contrast to the current study, one
conducted by Hong et al. showed a strong correlation
between the SUVmax and GS values in PCa patients
using ¥r_pPSMA-1007 PET/CT scan, wherein the value of
SUVmax was higher in GS > 7 [35]. In this study, there
were only 17 patients with a GS > 7, which may relate to
the lack of correlation due to the small number of
patients with GS of 8 and 9.

Of the 58 lesions, only 1 lesion was detected in the static
imaging alone which was not seen in the early dynamic
imaging. This patient was under the restaging group and
had already received hormonal treatment, with a serum
PSA of 0.07 ng/ml. This lesion was not well delineated in
the early dynamic imaging but was detectable in the
static imaging with an SUVmax of 4.6. In this case, the
low serum PSA and SUVmax measurements may reflect
that the patient's therapy is effective. The detected
lesion may not be seen in the early dynamic imaging
probably because the lesion is not as metabolically active
when compared to an untreated lesion, hence standard
static imaging of 60 minutes may improve and enable
lesion detection when a sufficient amount of radiotracer
has accumulated and the SUV value may be determined.

Out of the 53 patients, 7 had no detectable lesion on
both early dynamic and static imaging. These patients
were referred for restaging, after receiving treatment.
The majority of these patients had undergone
prostatectomy and hormonal therapy. These negative
findings may relate to favorable or effective treatment
responses.
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Limitations of this study:

The major limitation of this study is the small sample size
and its retrospective nature. A prospective study in
multiple institutions with a larger sample size is
recommended to strengthen the findings of this research
paper. Studies in assessing the sensitivity and specificity
of ®F-PSMA-1007 in the diagnosis of PCa, as well as in
evaluating  treatment response are likewise
recommended. In addition, the correlation of GS, serum
PSA, and SUVmax needs further evaluation.

CONCLUSION

Early dynamic imaging may serve as an adjunctive
procedure for detecting PSMA-avid lesions; however, it is
not recommended as a standard component of the
overall imaging protocol with prostate cancer using
8F_PSMA-1007 PET/CT. It may be particularly useful for
identifying lesions near the base of the prostate gland, in
proximity to the urinary bladder.
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ABSTRACT

Introduction:

Thyroid hormones are produced by the thyroid gland and are essential for regulating the basal metabolic rate.
Abnormalities in the levels of these hormones lead to two classes of thyroid diseases — hyperthyroidism and
hypothyroidism. Detection and monitoring of these two general classes of thyroid diseases require accurate
measurement and interpretation of thyroid function tests. The clinical utility of machine learning models to
predict a class of thyroid disorders has not been fully elucidated.

Objective:

The objective of this study is to develop machine learning models that classify the type of thyroid disorder on a
publicly available thyroid disease dataset extracted from a machine learning data repository.

Methods:

Several machine learning algorithms for classifying thyroid disorders were utilized after a series of
pre-processing steps applied on the dataset.

Results:

The best performing model was obtained by with XGBoost with a 99% accuracy and showing very good recall,
precision, and F1-scores for each of the three thyroid classes. Generally, all models with the exception of Naive
Bayes did well in predicting the negative class generating over 90% in all metrics. For predicting
hypothyroidism, XGBoost, decision tree and random forest obtained the most superior performance with
metric values ranging from 96-100%. On the other end in predicting hyperthyroidism, all models have lower
classification performance as compared to the negative and hypothyroid classes Needless to say, XGBoost and
random forest did obtain good metric values ranging from 71-89% in predicting hyperthyroid class.

Conclusion:

The findings of this study were encouraging and had generated useful insights in the application and
development of faster automated models with high reliability which can be of use to clinicians in the
assessment of thyroid diseases. The early and prompt clinical assessment coupled with the integration of these
machine learning models in practice can be used to determine prompt and precise diagnosis and to formulate
personalized treatment options to ensure the best quality of care to our patients.

Keywords: thyroid disorders, machine learning, feature importance, SMOTE, XGBoost
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INTRODUCTION

The thyroid is a butterfly-shaped organ producing the
thyroid hormones the levels of which play an important
function of regulating the basal metabolic rate.
Sufficient levels of these metabolic thyroid hormones are
crucial for protein synthesis, for fetal and childhood
tissue development and growth, for normal
development of the nervous system in utero, in early
childhood and continuing further to support neurological
function in adults [1]. Derangement in the levels of these
hormones lead to two classes of thyroid diseases
namely: hyperthyroidism and hypothyroidism
characterized by hyperfunction and hypofunction of the
thyroid gland, respectively. In hypothyroidism, many
patients complain of fatigue, weight gain and intolerance
to cold temperature while anxiety, weight loss and
sensitivity to heat are common symptoms of
hyperthyroidism [2]. Needless to say, detection and
monitoring of these two general classes of thyroid
diseases  require  accurate  measurement and
interpretation of thyroid function tests [3].

The technological advancements in data mining
techniques including processing and computation,
machine learning (ML) approaches can also be applied
to classify thyroid diseases [4]. Mollica et al., applied
machine learning approach coupled with oversampling
techniques and Bayesian networks framework on
classification of thyroid tumors on histopathological
images [5]. Authors concluded that integrating ML
models in clinical practice could help reduce a
pathologist’s workload on top of improving disease

diagnosis. In the study by Alyas et al.,, researchers
applied several ML algorithms like decision tree, random
forest algorithm, k-Nearest Neighbors (KNN), and
artificial neural networks (ANN) on a thyroid disease
dataset [6]. Results showed random forest with the
highest classification accuracy at 94.8%. In [7], authors
applied ML machine learning-based techniques to
predict hypothyroidism namely: decision tree, random
forest, naive Bayes, and ANN. Results showed decision
tree and random forest generated the highest
classification performance with an accuracy of 99.6% and
99.3%, respectively.

The objective of this study is to develop machine
learning models that classify the type of thyroid disorder
on a publicly available thyroid disease dataset extracted
from a machine learning data repository. The clinical
utility of ML models to predict a class of thyroid
disorders has not been fully elucidated. The main
contribution of this research is to find robust and reliable
prediction models that will assist healthcare
professionals in assessing the type of thyroid disease.

METHODOLOGY

The study was performed in several steps. The first step
was loading of the dataset. Pre-processing techniques
applied to the dataset include data cleaning, imputation
method, and utilizing Synthetic Minority Oversampling
TEchnique (SMOTE) for handling data imbalance. The
next step was the application of several ML algorithms
followed by assessment of classification performance.
The machine learning pipeline for this study is shown in
Figure 1.

s

/ \ Model Training
e K-Nearest Neighbors Performance
Extracting Dataset e Naive Bayes Assessment
Data Cleaning - e Extreme Gradient Boosting - Accuracy
Imputation Step o Adaptive Boosting Recall
Applying SMOTE e Support Vector Machine Precision
e Decision Tree F1-score
- J L N J

Random Forest

h 4 )

/

FIGURE 1. Machine Learning Pipeline for Thyroid Disorder Classification
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TABLE 1. Independent attributes for the Thyroid Disorder Classification

Attribute Data Type | Attribute Data Type Attribute Data Type
patient _id object sick object FTI float
age integer lithium object TBG float
on_thyroxine object goitre object | TSHmeasured  object
query_on_thyroxine  object tumor object | T3measured object
on_antithyroid_meds object | hypopituitary object | TT4measured  object
query _hyperthyroid  object psych object | T4Umeasured  object
pregnant object TSH float object
thyroid surgery ~ object T3 float object
1131 treatment object T4 float object
query_hypothyroid  object T4U float object

Dataset Description

In this study, a publicly available thyroid disease
extracted from a publicly available machine learning
repository (University of California Irvine Machine
Learning Repository) was used [8]. This dataset contains
9,172 anonymized thyroid disease cases from Garavan
Institute, Sydney, Australia. The dataset consisted of 31
columns including the target variable, diagnosis. The
listing of the independent attributes is seen in Table 1.

Pre-processing Steps

To prepare the dataset for machine learning, data
cleaning and pre-processing methods were applied.
Redundant and irrelevant variables such as
'TSHmeasured', 'T3measured’, "TT4measured',
'TAUmeasured', 'FTImeasured', 'TBGmeasured',
'patient_id', 'referralsource’ were dropped from the
dataset as they were mainly boolean variables with no
predictive capability. Rows with inconsistent values,
particularly those age over 100 years old, were likewise
gnoses (negative, hypothyroid, and hyperthyroid) were
retained for ML application as other diagnoses were
deemed not relevant to the main focus of this research
study. Hence, as a result of these data cleaning, the
dataset was reduced to 7,142 records. The dataset has a
severe imbalance with negative class comprising 89.4%
(6,384 records) while the hypothyroid and hyperthyroid
classes comprised 8.1% (582 records) and 2.5% (175
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records) respectively. To address this severe imbalance,
SMOTE was utilized.

Machine Learning Models

The dataset was split into 25% testing and 75% training
with 10-fold cross validation. Python 3.8 and its ML
libraries (scikit-learn, pandas, Matplotlib, seaborn, and
NumPy) were used. Several ML models were utilized to
predict thyroid diseases namely: k-Nearest Neighbors
(kNN), Naive Bayes (NB), Support Vector Machine (SVM),
Decision Tree (DT), Random Forest (RF), Adaptive
Boosting (AdaBoost), and Extreme Gradient Boosting
(XGBoost).

Performance Metrics

Metrics such as accuracy, recall, precision, and F1 score
were computed to assess classification performance.
Accuracy refers to the ability of the ML model to predict
the classes of the dataset correctly and assess how close
or near the predicted value is to the actual or theoretical
value [9]. Recall is the ratio of the correctly classified
number of positive instances to the number of all
instances whose actual class is positive [10]. Recall is also
called the true positive rate or sensitivity rate. The
precision, sometimes called the positive predictive value,
denotes the proportion of the retrieved samples which
are relevant and is calculated as the ratio between
correctly classified samples and all samples assigned to
that class [11]. Fl—score is defined as the harmonic
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TABLE 2. Performance Metrics of the ML Models for Thyroid Disorder Classification

ML Model Accuracy Target Class Recall Precision Fl-score
XGBoost 99 Negative 99 100 99
Hypothyroid 100 97 99
Hyperthyroid 89 74 80
Decision Tree 98 Negative 99 99 99
Hypothyroid 99 98 98
Hyperthyroid 80 73 76
Random Forest 98 Negative 99 100 99
Hypothyroid 100 96 98
Hyperthyroid 89 71 79
AdaBoost 98 Negative 99 99 99
Hypothyroid 100 73 96
Hyperthyroid 70 99 75
Support Vector Machine 94 Negative 94 99 96
Hypothyroid 97 84 90
Hyperthyroid 93 35 51
k-Nearest Neighbors 92 Negative 93 98 96
Hypothyroid 86 77 81
Hyperthyroid 80 34 47
Naive Bayes 36 Negative 31 93 a7
Hypothyroid 67 46 54
Hyperthyroid 84 4 7

mean of precision and recall and as such, to generate a
high F1-score, necessarily require to have high values of
recall and precision [12]. Additionally, the feature
importance scores of the best performing model was
also generated.

RESULTS AND DISCUSSION

The performance metrics of the various ML models are
shown in Table 2. The best performing model is XGBoost
with a 99% accuracy. XGBoost also generated the highest
recall, precision, and Fl-score for each of the three
thyroid classes. Following XGBoost is random forest with
an accuracy of 98% and showing very good recall,
precision, and Fl-scores for each of the three thyroid
classes with XGBoost. AdaBoost and decision tree also
obtained excellent accuracy rates of 98%. On the other
hand, Naive Bayes performed the worst with a measly
accuracy rate of 36%. Additionally, its predictive
capability for all the three thyroid classes were below par
indicating its inability to predict thyroid disorders.

Phil J Nucl Med 2022; 17(2): 54 - 61

Generally, all ML models with the exception of Naive
Bayes did well in predicting the negative class generating
over 90% in all metrics. This is expected as the negative
class had the greatest number of instances in the
dataset. For predicting hypothyroidism, XGBoost,
decision tree and random forest obtained the most
superior performance with metric values ranging from
96-100%. On the other end in predicting
hyperthyroidism, all models have lower classification
performance as compared to the negative and
hypothyroid classes. Note that the hyperthyroid class
only constituted 2.5% of the entire dataset. Nonetheless,
XGBoost and random forest did obtain good metric
values ranging from 71-89% in predicting hyperthyroid
class. Likewise, AdaBoost and decision tree yielded fairly
acceptable metric values in predicting hyperthyroid
class. However, support vector machine, k-Nearest
Neighbors and Naive Bayes generated poor predictive
capability in classifying  hyperthyroidism  more
prominently with its very low precision and Fl-scores.
Nonetheless, our results highlight the importance of
addressing the severe data imbalance to obtain a more
reliable diagnostic performance.
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FIGURE 2. Feature Importance of Attributes of the Best Performing Model

As a measure to address the severe imbalance in this
dataset, SMOTE was utilized. SMOTE can sufficiently
increase the instances of minority samples so that the
classification algorithm can increase the learning of
minority samples during the training of the data [13].
Machine learning algorithms can be biased to favor the
majority class in the presence of an imbalance [14].
SMOTE as an oversampling technique is a common
measure utilized in ML to handle imbalanced datasets by
creating copies of the minority class instances to balance
the dataset which effectively led to a reduction in the
bias and in the improvement of the classification
accuracy of the model [13, 14, 15, 16].

The feature importance scores of attributes for the best
performing model (XGBoost) are seen in Figure 2. The
top important features were the hormone test level
measurements (TT4, TSH, T3, FTI, T4U) while surprisingly
though that the other attributes did not perform well in
predicting our target variable. This confirmed our clinical
suspicion that the hormone tests are the most helpful in
our aim to predict target diagnosis as seen in the
correlation heatmap in Figure 3. Only the attributes TT4,
TSH, T3 and FTI had a strong positive correlation with the
target variable. Feature importance highlights which
attributes utilized by the ML model have higher
predictive capability as compared to the other attributes.
The identification of these features can aid in the model
explainability [17]. Feature importance scores also
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provide insight into the data and the model by
identifying most and least relevant in predicting the
target variable. It also serves as a basis for

dimensionality reduction by removing those attributes
with lowest feature importance scores. This act simplifies
the model which consequently lead to faster machine
execution and also improved diagnostic performance of
the model.

As to the metrics and best performing models, our
results are comparable with other studies [4, 5, 6, 7, 18]
which utilized traditional ML models applied to thyroid
disease dataset. These findings suggest the feasibility of
applying the machine learning approaches to predict
thyroid disorders with acceptable results. The clinical
utility of this study is even more highlighted with robust
models that can provide faster and with high reliability
to assist healthcare professional in predicting thyroid
disorders as well as enable clinicians to propose
personalized treatment options for our patients [19].

CONCLUSION

Alterations in the levels of thyroid hormones generally
lead to two classes of thyroid diseases namely:
hyperthyroidism and hypothyroidism characterized by
hyperfunction and hypofunction of the thyroid gland,
respectively. In this study, several machine learning
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FIGURE 3. Correlation Heatmap of Predictor Variables for Thyroid Disorder Classification
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models for classifying thyroid disorders were applied on
a publicly available thyroid disease dataset from a
machine learning data repository. The best performing
model was obtained by with XGBoost with a 99%
accuracy and showing very good recall, precision, and
Fl-scores for each of the three thyroid classes.
Generally, all ML models with the exception of Naive
Bayes did well in predicting the negative class generating
over 90% in all metrics. For predicting hypothyroidism,
XGBoost, decision tree and random forest obtained the
most superior performance with metric values ranging
from 96-100%. On the other end in predicting
hyperthyroidism, all models have lower classification
performance as compared to the negative and
hypothyroid classes Needless to say XGBoost and
random forest did obtain good metric values ranging
from 71-89% in predicting hyperthyroid class. Likewise,
AdaBoost and decision tree vyielded fairly acceptable
metric values in predicting hyperthyroid class.

Future enhancement should include explainable artificial
intelligence tools for better understanding of the models
by the clinicians. Additionally, ML models could also be
applied to larger datasets which combines patient symp-
toms, comorbidities, and radiographic features coming in
the quest for excellent diagnostic accuracy. The findings
of this study were encouraging and had generated useful
insights in the application and development of faster
automated models with high reliability which can be of
use to clinicians in the assessment of thyroid diseases.
The early and prompt clinical assessment coupled with
the integration of these ML models in practice can be
used to determine prompt and precise diagnosis and to
formulate personalized treatment options to ensure the
best quality of care to our patients.
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