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The Utility of Cardiac PYP Scintigraphy in the Diagnosis of Transthyretin
Cardiac Amyloidosis: A Case Report

Dominic Alcantara, MD, Nicole Patricia Hui, MD, Edward Bengie Magsombol, MD

Department of Nuclear Medicine, The Medical City, Ortigas Avenue, Pasig City, Philippines

E-mail address: alcantaradomz@gmail.com

ABSTRACT

Cardiac amyloidosis is a rare form of restrictive cardiomyopathy characterized by protein deposition in the
heart. There are gaps in the Philippine literature regarding its incidence, suggesting underdiagnosis.
Conventional imaging with echocardiography and cardiac magnetic resonance (MR) are valuable for diagnosis
but they cannot distinguish between the transthyretin (ATTR) and light chain (AL) types. Differentiating between
the two is crucial due to their distinct prognoses and treatment approaches. Endomyocardial biopsy is the gold
standard for confirming diagnosis, however it is invasive with risk of complications. We present a case of an
elderly Filipino male who developed easy fatigability for five days after recovering from a mild coronavirus
disease (COVID-19) infection. Chest radiograph revealed right-sided pleural effusion. Biomarkers for cardiac
ischemia showed elevated Troponin | and normal NT-pro-BNP levels. Electrocardiogram showed sinus rhythm
with 1st degree atrioventricular block. Initially, he was diagnosed with post-COVID cardiomyopathy and
pneumonia, and was started on empiric antimicrobial therapy. Echocardiography revealed preserved left
ventricular (LV) ejection fraction and Grade 2 LV diastolic dysfunction. Cardiac MR showed findings suggestive
of cardiac amyloidosis, prompting further investigation. Subsequently, Technetium-99m pyrophosphate (PYP)
cardiac scintigraphy showed elevated heart-to-contralateral Ilung ratios and a myocardial uptake
semiquantitative grade of 3. These corresponded to a positive scan which led to the diagnosis of ATTR cardiac
amyloidosis and obviated the need for biopsy. In summary, cardiac PYP scintigraphy is reliable in the diagnosis

of ATTR cardiac amyloidosis especially in cases where conservative management is preferred.

Keywords: ATTR, cardiac transthyretin amyloidosis, PYP scan, technetium-99m pyrophosphate scintigraphy

INTRODUCTION

Cardiac amyloidosis is a rare disease caused by
extracellular deposition of misfolded proteins called
amyloid fibrils in the myocardium, which eventually leads
to restrictive cardiomyopathy and heart failure [1]. This
disorder can be divided to two main types: deposition of
transthyretin (ATTR) from liver-synthesized proteins, and
deposition of immunoglobulin light chains (AL) from an
abnormal proliferation of plasma cells. If left untreated,
cardiac amyloidosis is highly fatal with a median survival
time of less than 1 year for the AL type and 4 years for
the ATTR type [2]. There is growing enthusiasm in
subtyping the disease as a result of three key areas of
advancements: non-invasive cardiac imaging for
diagnosis, emerging therapy with the ATTR kinetic
stabilizer Tafamidis, and observational studies in the
Asian  population indicating that it may be
underdiagnosed [1, 3]. Conventional cardiac imaging
with echocardiography and cardiac magnetic resonance
(MR) are valuable for the diagnosis, but they cannot
differentiate between the two types .

10

Given their distinct prognoses and treatment
approaches, it is crucial to distinguish between AL and
ATTR. The gold standard in confirming the diagnosis is via
endomyocardial biopsy with Congo red staining with
apple-green birefringence under polarized light,
immunohistochemistry typing and/or mass
spectrometry. However, this is an invasive procedure
and carries a low but notable risk of cardiac injury and
perforation. Biopsy is thus reserved for equivocal cases
with discordant clinical and imaging findings [3, 5].

We report a case of an elderly Filipino male who
presented with acute heart failure and pneumonia after
recovering from a mild coronavirus disease (COVID-19)
infection. During the course of management, he
benefited from a technetium-99m pyrophosphate (PYP)
scan which led to a definitive diagnosis. The objective of
this report is to highlight the utility of cardiac PYP
scanning in the diagnosis of ATTR cardiac amyloidosis in
an elderly patient with preference for conservative
management

Phil J Nucl Med 2026; 21(1): 10 - 14



CASE PRESENTATION

An 85 vyear old Filipino male presented with easy
fatigability and exertional dyspnea of 5 days duration.
This was noted to be a week after recovering from febrile
episodes with a positive COVID-19 rapid antigen test
result. For the past medical history, he has hypertension,
a small right kidney attributed to previous nepbhritis,
chronic hyponatremia, and a history of treated
pulmonary tuberculosis. His blood pressure was 140/80
mmHg, and on physical examination there was noted
bilateral basal crackles. Plain chest radiograph showed
right-sided pleural effusion.

Biomarkers for cardiac ischemia and heart failure were
also investigated. The Troponin | level was elevated at
26.8 pg/mL (Reference value < 12) and the NT-pro-BNP
level was within normal at 405 pg/mL (Reference value <
450 for people over age 75). Electrocardiography (ECG)
showed sinus rhythm with 1st degree atrioventricular
(AV) block, but otherwise no evident acute ischemic
changes. He was initially diagnosed with post-COVID
cardiomyopathy and pneumonia, and was started on
empiric antimicrobial therapy. Sputum culture with gram
staining were positive for moderate growth of
Acinetobacter baumannii and Enterobacter cloacae with
various resistance and sensitivity profiles, after which the
antibiotic was shifted to Meropenem.

Transthoracic echocardiography was performed for
assessment of heart failure and possible myocarditis,
which showed the following findings: normal left
ventricular (LV) cavity size, concentric LV remodeling, LV
ejection fraction of 62.9% by Simpson’s biplane method,
Grade 2 LV diastolic dysfunction, right ventricular (RV)
hypertrophy, aortic sclerosis with aortic annular
calcification, and mitral sclerosis with moderate mitral
regurgitation. Overall, echocardiography pointed to
heart failure with reserved ejection fraction, with Grade
2 diastolic dysfunction as a typical finding in possible
cardiac amyloidosis. Subsequently, cardiac magnetic
resonance (CMR) imaging was done for further
evaluation of cardiomyopathy, which showed diffuse
patchy late gadolinium enhancement involving the LV
segments, likewise enhancement of the RV and atrial
walls, and abnormal contrast kinetics in the blood and
myocardium. These imaging findings were suggestive of
cardiac amyloidosis, prompting further work-up to
differentiate between AL and ATTR. In the interim, serum
assay for free light chain proteins were sent for analysis
which all returned as negative .

Phil J Nucl Med 2026; 21(1): 10 - 14

After conventional cardiac imaging, the patient was
referred to our nuclear medicine department for a
cardiac PYP scan. The scan was performed by
administering Technetium-99m pyrophosphate
intravenously, imaging the patient 1 hour and 3 hours
post-injection, and acquiring anterior (Figure 1) and
posterior views of the thorax. Complementary single
photon emission computed tomography (SPECT) of the
thorax was also acquired for better anatomic localization
(Figure 2) .

On 1-hour imaging, there was a diffuse cardiac tracer
uptake greater than the adjacent skeletal activity (Figure
1A). Tracer activity in the ribs was nearly absent. On 3-
hour imaging, similar findings were observed (Figure 1B).
Using the anterior image, a circular region of interest
(ROI) was applied on the area of the heart and the same
size of ROl was applied on the area of the contralateral
lung, which allowed calculations for the heart-to-
contralateral lung (H:CL) ratio. On 1- and 3-hour images,
the H:CL ratio was elevated at 1.6 and 1.8, respectively
(normal is < 1.5 and < 1.3, respectively). The intensity of
cardiac tracer uptake was compared with the skeletal
uptake, corresponding to a positive scan with
semiquantitative grade of 3. Overall, this led to the
diagnosis of ATTR cardiac amyloidosis.

Possible treatment with Tafamidis, including its risks,
benefits, and cost was discussed with the patient and
family. Due to financial constraints, the patient refused
treatment. Considering his advanced age and preference,
conservative management was done and the family was
counselled regarding disease prognosis. They were also
advised on the importance of further testing with
genotyping to identify disease subtype such as
hereditary variant (ATTRv) or wild type (ATTRwt).

DISCUSSION

ATTR cardiac amyloidosis has historically been
considered a rare disease and there are gaps in the
scientific literature regarding its incidence in Asia
including  the  Philippines [3]. The disease
disproportionately affects older adult males and people
of African descent. Considering available data in the
Asian population, recent findings from a Japanese
observational cohort study revealed that the estimated
incidence of ATTR cardiomyopathy was approximately 1
per 10,000 person-years among those > 65 years old [4].
Majority of the diagnosis was made by PYP scintigraphy
with negative monoclonal protein markers. To help
increase  recognition of the disease, practical
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recommendations for the Asian population were
developed by Lin et al which listed a summary of ‘red
flags’ upon presentation, prompting timely referral and
further work-up [3]. Relevant to our case is the acute
development of heart failure with preserved ejection
fraction in an elderly patient, which can be considered a
red flag and prompt investigation for cardiac amyloidosis
in suspect cases. The initial diagnosis was complicated
due to the concomitant presence of pneumonia and
recent history of viral respiratory infection (COVID-19),
hence evaluation for possible post-COVID
cardiomyopathy was pursued. Eventually, the presence
of cardiac MR findings suggestive of cardiac amyloidosis

s

helped direct referral for cardiac PYP scintigraphy. A
summary on typical imaging features using multiple
modalities for cardiac amyloidosis is given in Table 1 for
reference [6].

Bone-avid radiotracers such as technetium-99m
(Tc-99m) labelled pyrophosphate (PYP), diphosphono-
propanodicarboxylic acid (DPD), and hydroxymethylene
disphosphonate (HMDP) have been shown to
preferentially bind to the myocardium in patients with
ATTR cardiac amyloidosis. The exact mechanism for the
differential uptake in ATTR rather than AL is still
unknown. However, it has been suggested that cardiac

4 , S A : - ‘f . o
FIGURE 1. Cardiac PYP scan with anterior planar images 1 hour (left) and 3 hours (right) post-injection showed a
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region of diffuse tracer uptake in the heart (yellow circle). Tracer activity to denote rib contour is nearly absent.
The contralateral lung region was also determined (blue circle) to compute for the H:CL ratio. Physiologic activity is

noted in the kidneys with a relatively small right kidney .

FIGURE 2 Complementary SPECT imaging of the cardiac PYP scan at 1 hour post-injection (left) with selected axial
slice (right) at the level of the myocardium (red and green partial cross). This allowed better localization of tracer
activity in the visualized thorax when correlated with the planar images

Phil J Nucl Med 2026; 21(1): 10 - 14



TABLE 1. Summary of multiple cardiac imaging modalities for the diagnosis of cardiac amyloidosis

Echocardiography

Cardiac Magnetic
Resonance

Positron emission
tomography with
F-18 Florbetapir or

Technetium-99m
labelled bone scan*
with PYP, DPD, or

Florbetaben HMDP

Typical LV wall thickness > 12 mm LV wall thickness > Target to back- Grade 2 or 3
imaging upper limit of normal for ground (LV myocardial uptake of

Relative apical sparing of | sex on steady-state free myocardium to radiotracer
features of e : X . . .

di global longitudinal strain precession cine view blood pool) ratio >

car |a.c ) ratio 1.5 Heart-to-contralateral
amyloidosis Global extracellular lung ratio of = 1.5 on

2 Grade 2 diastolic
dysfunction

volume > 0.40

Diffuse late gadolinium
enhancement

Abnormal gadolinium
kinetics typical for
amyloidosis, myocardial
nulling prior to blood
pool nulling

Retention index >
0.030 per minute

1-hour images, or =
1.3 on 3-hour images

*Findings in bone scintigraphy are suggestive of the transthyretin type of cardiac amyloidosis

LV = left ventricular; PYP = pyrophosphate; DPD = diphosphonopropanodicarboxylic acid;

HMDP = hydroxymethylene disphosphonate

ATTR contains relatively higher calcium content, making
it more avid for bone seeking tracers [7]. In a
retrospective study by Gilmore et al. (2016) that
evaluated 1217 patients with suspected cardiac
amyloidosis, it was shown that bone scintigraphy was
99% sensitive and 86% specific for cardiac ATTR, with
false positives almost exclusively due to cardiac AL. More
importantly, the combined findings of negative
biomarkers for monoclonal proteins and scintigraphic
features of increased myocardial tracer uptake
compared to adjacent bone showed a specificity and
positive predictive value for cardiac ATTR amyloidosis of
100% [8]. Thus in the appropriate clinical context, cardiac
scintigraphy with bone seeking radiotracers is highly
reliable in distinguishing ATTR from AL. In addition,
advantages of scintigraphy include its non-invasive
nature and evaluation for systemic or extracardiac
involvement of amyloidosis.

To standardize and improve the evaluation of cardiac
amyloidosis, a diagnostic algorithm was developed by
the American Society of Nuclear Cardiology in joint
consensus with other specialty societies. They
recommend clinical diagnosis of ATTR cardiac
amyloidosis when all of the following criteria are met: a
Tc-99m PYP, DPD, or HMDP scan showing Grade 2 or 3
myocardial tracer uptake, with negative serum free light
chain assay, and presence of typical cardiac imaging
features in echocardiography, cardiac MR, or positron
emission tomography [6, 7]. The grading of cardiac
tracer uptake is based on the semiquantitative method

Phil J Nucl Med 2026; 21(1): 10 - 14

developed by Perugini et al: Grade 0 shows no cardiac
uptake and normal rib uptake, Grade 1 refers to cardiac
uptake less than rib uptake, Grade 2 is cardiac uptake
with intensity similar to the ribs, and Grade 3
corresponds to cardiac uptake greater than rib uptake,
with mild or absent rib activity [9]. As an adjunct to
interpretation, quantitative assessment with H:CL ratios
can be helpful. An H:CL ratio of 21.5 at 1-hour imaging or
> 1.3 at 3-hour imaging can indicate ATTR cardiac
amyloidosis. However, this can be a source of false
positive when only 1-hour imaging is performed. This
may present as slow radiotracer clearance from the
blood pool and LV cavity, usually seen in patients with
low cardiac output [10]. Other sources for false positives
may be due to myocardial infarction, rib fracture near
the area of the heart, or hydroxychloroquine toxicity
[11]. It is thus recommended to acquire complementary
SPECT for better localization. Acquiring both early and
delayed imaging may also increase confidence in
interpreting tracer kinetics .

In conclusion, recognition of appropriate clinical context
is necessary for a timely diagnosis of cardiac amyloidosis.
In the presence of typical cardiac MR findings and
negative biomarkers for the AL type, a positive cardiac
PYP scan can reliably confirm the diagnosis of ATTR
cardiac amyloidosis. This is especially beneficial in cases
where a conservative approach to management is
preferred, as invasive endomyocardial biopsy is no
longer needed to establish the diagnosis

13
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Two in One: A Rare Case of Two Horseshoe Kidneys Identified in an
Ischiopagus Tripus Conjoined Twins using [*""Tc] Tc-DMSA Scintigraphy
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ABSTRACT

Ischiopagus tripus conjoined twins is an extremely rare condition presenting with multiple congenital
anomalies. To date, there has been no such documented case that underwent * "Tc-dimercaptosuccinic acid
([99 ™Tc] Tc-DMSA) scintigraphy for the evaluation of renal parenchymal function. We report the first case of an
ischiopagus tripus conjoined twins with two horseshoe kidneys assessed using [°"Tc] Tc-DMSA. Using the
planar geometric analysis and volumetric counting via SPECT/CT, split renal functions (SRFs) were determined to
be within normal limits. These findings were corroborated by contrast-enhanced computed tomography (CT)
and magnetic resonance imaging (MRI) which demonstrated unremarkable enhancement pattern on all phases
and with intact parenchymal thickness in both horseshoe kidneys. This study highlights the usefulness of
[?°"Tc] Tc-DMSA scan in assessing baseline renal parenchymal function in such complex case of conjoined twins

prior the planned separation.

Keywords: Ischiopagus tripus, conjoined twins, horseshoe kidney, DMSA scintigraphy, SPECT/CT

INTRODUCTION

Conjoined twins represent one of the rarest congenital
anomalies occurring with a varying worldwide incidence
of approximately 1:50,000-1:200,000 births.
Ischiophagus conjoined twinning is even rarer
representing only 6%-11% of all conjoined twins [1]. In
this case report, we present the first documented case of
ischiopagus tripus conjoined twins with multiple
congenital anomalies (imperforate anus, fused liver, two
horseshoe kidneys with single urinary bladder and
urethra) that underwent renal cortical scintigraphy
[®™Tc] Tc-DMSA for the evaluation of renal
parenchymal function as requested by the pediatric
surgery department as part of the preoperative workup
for the planned separation.

CASE SUMMARY

The conjoined twins, fused at the pelvis with three
appendages, were born preterm (36 weeks) to a then 31-
year-old Filipino primigravid via caesarian section (Figure
1). Prenatal ultrasound on the 2" trimester of
pregnancy detected twin gestation with multiple
congenital anomalies. During the course of pregnancy,
the mother was admitted several times due to
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threatened preterm labor, with an episode of urinary
tract infection during the third trimester. No other
prenatal maternal illnesses nor complications were
noted. Upon delivery of the twins, both demonstrated
good cry and activity. lleostomy was performed on the
first day of life for the management of a single
imperforate anus and they were eventually admitted to a
neonatal intensive care unit for 27 days. They were
subsequently discharged well on room air and interim
hospital stay revealed no further medical complications.

At one year and seven months old, the conjoined twins
were referred to our institution for surgical planning
prior to possible separation. CT urography and MRI
revealed two horseshoe kidneys (one for each of the
twin) fused in the inferior poles with fused urinary
bladders. Additionally, they were also found to have
fused liver parenchyma and single abdominal cavity with
fused lower gastrointestinal tract. On the seventh day of
admission, the patients had developed acute urinary
tract infection and were treated with oral antibiotics.

To rule out pyelonephritis and scarring, in addition to
determining baseline renal parenchymal function, ™ Tc]
Tc-DMSA scan was requested by the pediatric surgery
service. The conjoined twins were sedated prior the
procedure. Each twin was given 55.5 MBq (1.5 mCi) of
[®™Tc] Tc-DMSA. Planar images of the kidneys in the
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FIGURE 1 Ischiopagus tripus conjoined twins fused at the pelvis and with three appendages .
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FIGURE 2 Planar images in anterior, posterior, and oblique views and representative SPECT/CT coronal view of the
horseshoe kidneys obtained two hours after administration of [*®™Tc] Tc-DMSA .

anterior, anterior oblique, posterior, and posterior
oblique views were obtained two hours after injection
(Figure 2). Single photon emission computed
tomography combined with computed tomography scan
(SPECT/CT, Siemens Symbia T model) was also acquired
thereafter. To determine the split renal function (SRF) of
the left and right kidneys of each twin, regions of
interests (ROIs) were drawn by visual approximation of
the midline of each horseshoe kidney. Geometric mean
analysis of the anterior and posterior counts was
performed. Volumetric SPECT/CT quantification was also
performed and results were compared with the planar
method.
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[™Tc] Tc-DMSA scintigraphy showed that the horseshoe
kidneys demonstrated fairly homogeneous cortical tracer
uptake seen in different planar projections. No definite
scintigraphic evidence of parenchymal defect such as
diffuse or sharp indentation in renal contour with
thinning of cortex, loss of renal volume, or absent
activity was observed in both planar and SPECT/CT
images. Geometric analysis showed that for Twin A, SRF
was 50.2% for the left kidney and 49.8% for the right
kidney. For Twin B, SRF was 54.8% and 45.2% for the left
and right kidneys, respectively. SRF values are within
normal limits (45 to 55%) [2]. In terms of the total counts
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SRF was also determined using volumetric counting via
attenuation-corrected SPECT/CT images. Average voxel
counts were used per regions of interests. For Twin A,
SRF was 48.3% for the left kidney and 51.7% for the right
kidney. For Twin B, SRF was 54.2% and 45.8% for the left
and right kidney, respectively. In terms of the sum of
average voxel counts for each whole horseshoe kidney,
differential function was 48.0% and 52.0% for Twin A and
Twin B, respectively; with Twin B’s horseshoe kidney
having consistently slightly higher counts, similar on the
planar method.

MRI and CT urography done a month earlier also
demonstrated that both kidneys were directed
anterolaterally, being in different planes not parallel to
the gamma camera detectors. Both had unremarkable
enhancement pattern on all phases and with intact
parenchymal thickness. No renal masses nor lithiasis was
seen. These findings corroborated the normal findings
observed in [**™Tc] Tc-DMSA scan.

DISCUSSION

The incidence of horseshoe kidney is approximately
1:500 in the normal population with a male
preponderance of 2:1 [3]. There is no clear published
data regarding its incidence in conjoined twins.
Moreover, the incidence of two horseshoe kidneys in
conjoined twins is likewise undetermined. About a third
of horseshoe kidneys are often asymptomatic with most
cases identified incidentally. A number of complications
can occur such as ureteric obstruction, impaired urinary
drainage, hydronephrosis,  vesicoureteric  reflux,
infection, and scarring due to the intrinsic anatomic
defect [4].

Traditional imaging methods like X-rays and intravenous
urograms, along with more sophisticated cross-sectional
techniques such as ultrasound, CT, and MRI, are crucial
in assessing horseshoe kidneys. Among these, contrast-
enhanced CT is currently the preferred method for
evaluating horseshoe kidneys and their positioning
relative to nearby anatomical structures. It also plays an
important role in the evaluation of potential
complications and surgical planning [5]. Ultrasound may
lack the sensitivity required to reliably detect renal
parenchymal defects compared to [*™Tc] Tc-DMSA
scintigraphy when evaluating renal anomalies especially
in pediatric population [6]. [*®™Tc] Tc-DMSA scan has also
been shown to be the most reliable method in for
evaluation of renal cortical scarring [7].

18

[®™Tc] Tc-DMSA scan binds to the sulfhydryl groups in

proximal tubules in the renal cortex having 40-65% of
the administered activity present in the cortex 2 hours
after injection with longer retention than other renal
imaging radiopharmaceuticals. With this, it is considered
as the gold standard imaging method to assess renal
parenchymal defects (ex. hypoplasia, dysplasia, scars)
and in determination of SRF [8]. Contrast-enhanced CT
shows comparable sensitivity and specificity to *™Tc]
Tc-DMSA scan in  detecting acute pyelonephritis.
However, CT involves higher exposure to ionizing
radiation and carries risks of contrast reactions and
contrast-induced nephropathy [9]. MRI, including
diffusion-weighted MRI, is a promising approach for
imaging pyelonephritis, offering the benefits of no
ionizing radiation exposure and no requirement for
iodinated contrast agents. However, it typically involves
sedation or general anesthesia, particularly for younger
children, coupled with a longer study period [10].

Utilizing [**™Tc] Tc-DMSA scintigraphy, the two horse-
shoe kidneys of the conjoined twins were clearly
delineated in the planar images. No definite scintigraphic
evidence of cortical dysfunction was appreciated in both
planar and SPECT images. Additionally, tracer
accumulation seen in between the two horseshoe
kidneys corresponded to the fused lobulated urinary
bladder on CT. Normal differential functions of the left
and right aspects of each horseshoe kidney were
calculated for each twin using geometric mean analysis
of the anterior and posterior planar images.
Quantification of DMSA uptake using SPECT/CT yielded
fairly similar results, with SRFs within normal limits.

Efforts have been made to measure DMSA uptake in the
kidneys using both SPECT and planar images, but these
approaches are not extensively adopted or documented,
needing additional validation [2]. Some study suggests
that differences in SRF determination between the two
are clinically negligible [11]. Others note that around
25% of planar DMSA scintigraphies indicating an
abnormal SRF in pediatric patients may appear normal
when evaluated using SPECT/CT. This discrepancy likely
arises from the inability of planar imaging to correct for
attenuation, which can underestimate the function of
the kidney with the poorest function when assessed by
geometric mean (GM) and as such, planar scans
indicating an abnormal SRF in pediatric patients should
ideally be complemented with SPECT/CT [12].
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CONCLUSION

Our study showed that [gngc] Tc-DMSA scan remains a

reliable method in ruling out of renal parenchymal
abnormalities as corroborated by CT and MR imaging
findings. This study likewise demonstrated its usefulness
in clearly revealing the existence of two horseshoe
kidneys in a conjoined twins and in the evaluation of its
SRFs via both planar and SPECT methods, yielding fairly
similar results providing pre-operative baseline renal
function prior the planned separation. A follow-up study
can be done in the future for comparison, or if the twins
would be separated successfully.

In line with this, the utility of quantifying DMSA uptake in
the kidneys using SPECT/CT in addition with planar
images remains underexplored and necessitates
additional validation, notably if abnormal SRF was
determined in planar imaging.
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ABSTRACT

Objective:

To evaluate the concordance between Fracture Risk Assessment Tool (FRAX) scores calculated with and without
bone mineral density (BMD) in predicting osteoporosis treatment needs among Filipino patients at Jose R. Reyes
Memorial Medical Center, and to identify patient characteristics that influence this concordance.

Methodology:

A retrospective study of 1,566 patients aged 40-90 years who underwent DXA scan from 2020-2024 was
conducted. Clinical risk factors were collected from medical records, and FRAX scores were calculated with and
without femoral neck BMD. Treatment recommendations were based on a threshold of 23% for 10-year hip
fracture probability. Concordance between FRAX scores with and without BMD was analyzed across various
demographic and clinical characteristics.

Results:

The overall concordance rate between FRAX scores with and without BMD was 87% (1,362/1,566). FRAX with
BMD suggested treatment for 12.3% (n = 192) of patients, while FRAX without BMD suggested treatment for
6.1% (n = 96). Significant factors associated with discordance included female sex (14.3% vs 3.2% in males,
p<0.001), advanced age (31.8% discordance in 280 years), lower BMI (33.3% discordance in underweight), and
osteoporosis status (32.7% discordance). The highest discordance was observed in patients with FRAX scores in
the 4-5.9% range (66.7% discordance). Among discordant cases, 76.5% (n = 156) were instances where FRAX
with BMD suggested treatment while FRAX without BMD did not.

Conclusion:

While FRAX without BMD demonstrates good overall concordance with FRAX with BMD, significant discordance
exists in specific patient subgroups. BMD testing should be prioritized for women over 60 years, patients 280
years old, those with low BMI, and individuals with intermediate FRAX scores without BMD (2-5.9%). This
strategic approach to BMD testing can optimize resource allocation while ensuring comprehensive fracture risk
assessment for high-risk patients in resource-limited settings.

Keywords: FRAX score, bone mineral density, osteoporosis, treatment decisions, concordance, Filipino
population, fracture risk assessment
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INTRODUCTION

Osteoporosis is a significant health concern worldwide,
characterized by low bone mass and structural
deterioration of bone tissue [1,2]. The most critical
clinical outcome of osteoporosis is the occurrence of
insufficiency fractures, with common sites in the
vertebra, distal forearm, and hips [1,2,3]. Thus, Fracture
Risk Assessment Tool (FRAX) and bone mineral density
(BMD) measurements are central to osteoporosis
diagnosis and management [3,4,5].

BMD accounts for approximately 70% of bone strength
and serves as a representative measure of bone mass
[3]. A decline in BMD is directly associated with an
increased risk of fractures. The measurement of BMD at
the hip or spine is a strong indicator, comparable to the
use of blood pressure and serum cholesterol in
predicting cardiovascular disease [3].

Despite the utility of BMD measurements, a significant
limitation was highlighted in the 1994 WHO report [1]. It
stated that the majority of fragility fractures occur in
individuals who do not meet the BMD criteria for
osteoporosis, defined as a BMD of < -2.5 standard
deviations (SD) below the young normal mean [1]. This
BMD threshold has high specificity for diagnosing
osteoporosis; however, its sensitivity is relatively low,
ranging from about 30 to 50% under most reasonable
assumptions. This means that many individuals who
sustain fractures have BMD values above the diagnostic
threshold for osteoporosis, indicating a need for
additional risk factors to be considered in fracture risk
assessment [1].

While BMD is widely available and a proven predictor of
fracture risk, other non-BMD factors such as age,
previous fracture, falls, and certain medications also
significantly contribute to fracture risk[1-6]. These
factors are independent of BMD and, when combined,
enhance the sensitivity of fracture risk assessments,
improving the strategies for treatment intervention([1, 3 -
5]. The advent of the FRAX tool became instrumental in
this regard as it integrates hip BMD and clinical risk
factors to estimate a 10-year probability of major
osteoporotic fracture (MOF) and hip fracture. It is
particularly useful in identifying individuals at high risk of
fracture, guiding clinical decisions for those with a T-
score in the osteopenic range [1 - 5].

While incorporating BMD into FRAX calculations is the
preferred method for fracture risk assessment, studies
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have shown that FRAX scores without BMD can still
provide valuable insights into fracture risk[2,7-10]. This
method leverages clinical risk factors to estimate
fracture risk, although it may not capture the nuanced
risk profiles that BMD provides.

Research from India suggests that FRAX-derived
thresholds for osteoporosis treatment can be effectively
applied without BMD and can be a pragmatic approach
in  resource-poor settings potentially reducing
overtreatment and ensuring that treatment is accessible
to those in need [6,7]. The Thai study by
Teeratakulpisarn et al. found that while FRAX scores with
and without BMD vyielded concordant osteoporosis
treatment recommendations in most cases, factors like
older age, lower BMD, and borderline FRAX scores
without BMD were associated with discordant results

[8].

In the Philippine setting the recommended method for
assessing fracture risk, among the at-risk population, is
using FRAX with BMD however in settings where BMD
measurement via DXA is unavailable or not feasible it is
suggested that FRAX without BMD be used [3]. However
no local data exploring the concordance of treatment
decisions are available as of the writing of this study.

OBJECTIVE

General Objective

To evaluate the concordance between FRAX scores
calculated with and without bone mineral density (BMD)
in predicting the need for osteoporosis treatment among
patients at Jose R. Reyes Memorial Medical Center.

Specific Objectives

e To determine the rate of concordance between
treatment recommendations based on FRAX scores
with and without BMD in the study population

e To identify patient characteristics and clinical factors
that influence the concordance between FRAX with
and without BMD assessments

METHODOLOGY

Medical records of patients at the Department of
Nuclear Medicine of Jose R. Reyes Memorial Medical
Center who underwent a DXA scan from 2020-2024 was
retrospectively reviewed. Patients aged 40 to 90 years of
age were included. Bone mineral density of the femoral
neck and risk factors based from the FRAX tool including
age, sex, body measurements (weight and height),
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fracture history (both personal and parental hip
fractures), lifestyle choices (smoking and alcohol
consumption), medical conditions (rheumatoid arthritis
and disorders strongly associated with secondary
osteoporosis), medication use (glucocorticoids) were
recorded.

Participants already receiving treatment for Osteoporosis
were excluded from the study.

RESEARCH DESIGN

This paper employed a retrospective study design
involving existing medical records of patients at the
Department of Nuclear Medicine of the Jose R. Reyes
Memorial Medical Center who underwent a DXA scan
from 2020-2024.

SAMPLE SIZE COMPUTATION

At 95% confidence level and 0.05 margin of error, the
minimum sample size needed to determine concordance
rate between FRAX scores calculated with and without
bone mineral density (BMD) in predicting the need for
osteoporosis treatment is at least 209. The calculation is
based on the resulting concordance rate of 83.78% from
the results of the study of Teeratakulpisarn et. al. (2020).

Z'xpx(1-p) 1.96°x0.8378(1-0.8378)
¢’ 0.05*

~ 209

n=

n = minimum sample size or minimum number of
subjects

z = value from the standard normal distribution
corresponding to desired confidence level
(Z2=1.96 for 95% confidence level)

p = expected prevalence at 83.3%

e = desired precision 0.05

DATA COLLECTION

A review of records was done to collect demographic and
clinical risk factors as well as data of Dual-energy X-ray
absorptiometry (DXA) to measure the non-dominant hip
BMD. Body Mass Index (BMI) was calculated as weight in
kilograms divided by the square of height in meters (kg/
m?) and categorized using the Asia-Pacific Standard. All
BMD measurements were obtained using the Hologic
Horizon® DXA System. BMD T-scores were also extracted
and categorized under normal (T-score 2 -1), osteopenia
(T-score < -1 but > -2.5), or osteoporosis (T-score < -2.5).
Calculation of FRAX scores with and without hip BMD
was done using the FRAX tool adjusted to the Filipino
population reference. FRAX results were then
categorized as either concordant or discordant in
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reference to the recommended cutoff for medical
treatment (10-year probability of hip fracture > 3%).

DATA ANALYSIS

Descriptive statistics, such as mean and standard
deviation, was used to present continuous data while
frequency and percentage were used for categorical
data. In comparing the two groups (concordance vs non
concordance) or determining possible factors associated
with concordance, t-test was used for continuous while
chi square or fisher exact test was used for categorical
data. Level of significance is set at 5%.

RESULTS

The study included a total of 1,566 patients, with a
gender distribution heavily skewed towards women.
Table | presents the demographic data of the study
population. Results show that the significant majority
were females (88.1%, n = 1380) compared to male
(11.9%, n = 186). The mean age of participants was 66.7
+ 10.4 years, with males being older (72.1 + 6.8 years)
than females (65.9 * 10.6 years).

Physical characteristics varied between genders, with
males having higher mean weight (60.2 + 12.3 kg vs 56.5
+ 12.0 kg), greater height (160.0 £ 6.2 cm vs 149.7 + 6.6
cm), and lower BMI (23.6 + 4.6 vs 25.2 + 5.1) compared
to females. The overall mean BMI was 25.0 £ 5.0. Bone
mineral density (BMD) measurements were higher in
males (0.66 + 0.13 g/cm?) compared to females (0.59 +
0.12 g/cm?). However, females had higher Hip Fracture
FRAX scores both with BMD (1.60 *+ 2.24 vs 0.85 + 0.75)
and without BMD (1.20 + 1.18 vs 0.81 + 0.56) compared
to males.

FRAX with and without BMD resulted in a decision to
treat in 192 (12.3%) and 96 participants (6.1%),
respectively. Analysis of FRAX questionnaire responses
revealed that 57.9% (n = 906) of the study population did
not have any clinical risk factors. Figure 1 presents the
distribution of each risk factor as reported in the
questionnaire.

Among those reporting risk factors, secondary
osteoporosis was the most prevalent (26.1%, n = 408),
followed by smoking (5.7%), alcohol consumption (5.0%),
parental history of hip fracture (3.8%), and personal
history of fracture (3.4%). Less common risk factors
included rheumatoid arthritis (1.5%) and glucocorticoid
use (0.4%)
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Percentage (%)

TABLE 1. Demographic data of the study population

Total (n = 1566) | Male (n = 186) | Female (n = 1380)

Age (years) 66.7 £ 10.4 721+6.8 65.9 £ 10.6
Body weight (kg) 57.0+ 121 60.2 £ 12.3 56.5 + 12.0
Height (cm) 150.9+7.3 160.0 £+ 6.2 149.7 + 6.6
BMI (kg/m?) 25.0%5.0 23.6+4.6 252+5.1
Femoral neck BMD (g/cm?) 0.60+£0.12 0.66 £ 0.13 0.59+£0.12
Femoral neck T-score -2.14 £1.03 -1.66 +1.13 -2.20 £ 0.99
FRAX score of hip fracture

Without BMD (%) 1.2+1.1 0.8+0.6 12+1.2

With BMD (%) 1.5+2.1 0.9+0.8 1.6+22
FRAX score suggesting treatment (= 3%)

Without BMD, n (%) 96 (6.1) 0(0) 96 (7.0)

With BMD, n (%) 192 (12.3) 6(3.2) 186 (13.5)

Data are presented as mean + standard deviation and proportions for continuous and categorical

variables respectively.

BMI - body mass index; BMD - bone mineral density

Distribution of Clinical Risk Factors

FIGURE 1 Distribution of each risk factor based on the FRAX questionnaire.
Phil J Nucl Med 2026; 21(1): 20 - 29
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Table 2 presents the distribution of treatment
recommendations across various demographic and
clinical subgroups, including sex, age, BMI status, and
BMD status.

Using a treatment threshold of >3% for 10-year hip
fracture probability, FRAX with BMD suggested
treatment for 12.3% (n = 192) of patients, while FRAX
without BMD suggested treatment for 6.1% (n = 96) of
patients. Gender differences were observed, with FRAX
with BMD recommending treatment for 3.2% (n = 6) of
males and 13.5% (n = 186) of females, while FRAX
without BMD recommended treatment only for females
(7.0%, n =96).

Age-related trends were evident, with no treatment
recommended for individuals under 50 years old by
either method. The highest number of recommended
treatments was in the 70-79 years age group for both
FRAX with BMD (n = 108) and FRAX without BMD (n =
42).

BMI and BMD status also influenced treatment
recommendations. FRAX with BMD recommended
treatment across all BMI categories, while FRAX without
BMD recommended treatment mostly for underweight
patients (33.3%, n = 48). No treatments were
recommended for patients with normal BMD status by
either method. For individuals with osteoporosis, FRAX
with BMD recommended more than twice the number of
treatments compared to FRAX without BMD (180 vs 84
patients, respectively).

The overall concordance between FRAX with and without
BMD was 87% (n = 1362), with discordance observed in
13% (n = 204) of cases. Factors significantly associated
with discordance (p < 0.001) included female sex, older
age, lower BMI, lower femoral neck BMD, and lower
femoral neck T-score (Table 3). The concordance was
highest for younger age groups, higher BMI categories,
and normal to osteopenic BMD status. Discordance was
most pronounced in the > 80 years age group (31.8%),
underweight BMI category (33.3%), and those with
osteoporosis (32.7%).

FRAX scores without BMD showed a clear trend in
discordance rates, with the highest discordance (66.7%)
observed in the 4-5.9% probability range, while perfect
concordance was seen for probabilities > 6%. The
characteristics of subjects with discordant results were
analyzed. Table 4 presents a detailed breakdown of
these discordant cases. Among the discordant cases,
76.5% (n = 156) were instances where FRAX with BMD
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suggested treatment while FRAX without BMD did not,
and 23.5% (n = 48) were cases where FRAX without BMD
suggested treatment while FRAX with BMD did not.
These discordant cases showed significant differences in
age, BMI, femoral neck BMD, and T-scores (all p < 0.001).

DISCUSSION

This study aimed to evaluate the concordance between
FRAX scores calculated with and without bone mineral
density (BMD) in predicting osteoporosis treatment
needs among patients at Jose R. Reyes Memorial Medical
Center. The findings revealed important insights into the
use of FRAX scores and their implications for clinical
practice, particularly highlighting scenarios where BMD
measurements significantly enhance fracture risk
assessment.

While the overall concordance rate between FRAX scores
calculated with and without BMD was 87%, indicating
substantial agreement between the two methods, similar
to previous studies at around 74 - 87% [6-8, 10], the
study’s findings revealed clinical scenarios where BMD
measurements provided essential additional information
for treatment decisions. This suggests that while FRAX
without BMD could serve as an initial screening tool, the
integration of BMD measurements significantly improves
the risk assessment accuracy in specific patient
populations.

Sexual differences were observed in the concordance
rates, with males showing higher concordance (96.8%)
compared to females (85.7%). This disparity might be
attributed to the generally higher BMD values observed
in males in the study. The significant discordance in
females (14.3%) indicates that relying solely on FRAX
without BMD could potentially miss a substantial number
of high-risk female patients. This gender difference in
concordance rates aligns with previous studies that have
reported variations in FRAX performance between males
and females [11], suggesting that BMD testing may be
particularly valuable for female patients, where FRAX
scores without BMD may underestimate fracture risk.

Age emerged as a significant factor influencing
concordance, with rates decreasing markedly to 68.2%
for those 80 years and older. This striking decrease in
concordance with age strongly suggests that BMD
measurements become increasingly crucial for accurate
risk assessment in older populations. Previous studies
have also reported lower concordance in the older
population [7, 8]. The integration of BMD data appears
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TABLE 2. Treatment decisions using FRAX with and without BMD. Treatment threshold -

FRAX with BMD FRAX without BMD
Treatment | No treatment | Treatment | No treatment

All subjects (n = 1566) 192 1374 96 1470
Sex

Male (n = 186) 6 180 0 186

Female (n =1380) 186 1194 96 1284
Age group

<50 years (n = 126) 0 126 0 126

50-59 years (n = 216) 6 210 0 216

60-69 years (n = 558) 60 498 12 576

70-79 years (n = 534) 108 426 42 492

>80 years (n = 132) 18 114 42 90
BMI status

Underweight (n = 144) 42 102 48 96

Normal (n = 366) 66 300 36 330

Overweight (n = 306) 30 276 0 306

Obese (n = 750) 54 696 12 738
BMD status

Normal (n = 234) 0 234 0 234

Osteopenia (n = 708) 12 696 12 696

Osteoporosis (n = 624) 180 444 84 540

particularly valuable in older adults where factors
beyond clinical risk factors significantly influence fracture
risk. For patients 2 80 years, the nearly 32% discordance
rate when BMD is excluded suggests that relying solely
on FRAX without BMD could lead to significant
underestimation of fracture risk in this vulnerable
population. This finding underscores the complexity of
fracture risk assessment in older adults, where factors
beyond BMD, such as fall risk and frailty, play crucial
roles [12].

Body Mass Index (BMI) significantly affected
concordance rates, with higher concordance observed in
overweight (90.2%) and obese (94.4%) participants
compared to those who are underweight (66.7%) or with
normal BMI (77.1%). The substantial discordance in
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underweight patients (33.3%) strongly indicates that
BMD measurements are essential for accurate risk
assessment in this group. This trend is consistent with
other studies showing greater concordance in those with
above-normal BMI [6, 7, 13]. The impact of BMD
inclusion appears most critical in patients with lower
BMI, suggesting that these patients should be prioritized
for BMD testing.

Perhaps the most striking findings emerged in the
analysis of BMD status and FRAX probability ranges.
While perfect concordance was observed for individuals
with normal BMD and those with osteopenia, the
concordance rate dropped significantly to 67.3% for
individuals with osteoporosis. Of the 624 participants
with osteoporosis, 180 (28.8%) would have been
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TABLE 3. Factors affecting concordance between FRAX with and without BMD

Concordant result (n = 1362) | Discordant result (n = 204) p-value

All subjects 1362/1566 (87%) 204/1566 (13%)
Sex < 0.001

Male, n (%) 180 (96.8%) 6 (3.2%)

Female, n (%) 1182 (85.7%) 198 (14.3%)
Age (years) 65.6 + 10.3 73.7+738 <0.001
Age group < 0.001

< 50 years, n (%) 126 (100%) 0 (0%)

50-59 years, n (%) 210 (97.2%) 6 (2.8%)

60-69 vears, n (%) 498 (89.3%) 60 (10.7%)

70-79 years, n (%) 438 (82%) 96 (18%)

> 80 vears, n (%) 90 (68.2%) 42 (31.8%)
BMI (kg/m?) 255450 219+ 4.4 <0.001
BMI status (%) < 0.001

Underweight, n (%) 96 (66.7%) 48 (33.3%)

Normal BMI, n (%) 282 (77.1%) 84 (22.9%)

Overweight, n (%) 276 (90.2%) 30 (9.8%)

Obese, n (%) 708 (94.4%) 42 (5.6%)
Femoral neck BMD (g/cm?) 0.62 + 0.11 0.45 + 0.07 <0.001
Femoral neck T-score -1.9+0.9 -35+05 <0.001
BMD status (%) < 0.001

Normal BMD, n (%) 234 (100%) 0 (0%)

Osteopenia, n (%) 708 (100%) 0 (0%)

Osteoporosis, n (%) 420 (67.3%) 204 (32.7%)
FRAX score of hip fracture without BMD 098 +1.04 2.25+1.09 < 0.001
FRAX without BMD group, n (%) <0.001

<2 1236 (93.2%) 90 (6.8%)

2-3.9 102 (50%) 102 (50%)

4-5.9 6 (33.3%) 12 (66.7%)

6-7.9 12 (100%) 0 (0%)

>8 6 (100%) 0 (0%)
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Data are presented as mean + standard deviation and proportions for continuous and categorical variables respectively. P-value < 0.05 was
considered statistically significant. BMI - body mass index; BMD - bone mineral density
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TABLE 4. Characteristics of subjects with discordant FRAX results.

Characteristics Discordant FRAX result (n = 204) p-value
FRAX with BMD suggest treatment FRAX without BMD suggest treatment
(n =156) (n=48)
All subjects (%) 156/204 (76.5) 48/204 (23.5)
Sex (%) 0.37
Male 6 (3.8) 0(0)
Female 150 (96.2) 48 (100)
Age (years) 72174 78.8+6.8 < 0.001
Age group (%) < 0.001
<50 years 0 (0) 0 (0)
50-59 years 6 (3.8) 0 (0)
60-69 years 54 (34.6) 6 (12.5)
70-79 years 84 (53.8) 12 (25)
280 years 12 (7.7) 30 (62.5)
BMI (kg/m?) 228+4.5 18.8+1.9 < 0.001
BMI status (%) <0.001
Underweight 24 (15.4) 24 (50)
Normal 60 (38.5) 24 (50)
Overweight 30 (19.2) 0(0)
Obese 42 (26.9) 0(0)
Femoral neck BMD 0.43 £0.07 0.51 £ 0.04 < 0.001
(g/lcm2)
Femoral Neck T- -3.64 £ 0.46 -2.86 £ 0.34 < 0.001
score
BMD status
Normal 0 0
Osteopenia 0 0
Osteoporosis 156 48

Data are presented as mean + standard deviation and proportions for continuous and categorical variables respectively. P-value < 0.05 was
considered statistically significant. BMI - body mass index; BMD - bone mineral density

recommended for treatment based on FRAX with BMD,
but not by FRAX without BMD. This substantial
discordance in the osteoporotic group demonstrates that
FRAX without BMD may significantly underestimate
fracture risk in those who need treatment most. Critical
discordance patterns also emerged in specific FRAX
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probability ranges, with the highest discordance (66.7%)
observed in the 4-5.9% range and significant discordance
(50%) in the 2-3.9% range. These findings strongly
suggest that BMD testing is essential for patients with
intermediate FRAX scores, where treatment decisions
are most likely to be influenced by BMD data.
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Based on these findings, we propose a strategic
approach to BMD testing, prioritizing female patients
(particularly those over 60 years), patients >80 years of
age, individuals with low or normal BMI, and patients
with FRAX scores without BMD in the 2-5.9% range.
While FRAX without BMD can serve as an initial
screening tool, the study’s findings strongly support the
integration of BMD measurements for comprehensive
fracture risk assessment. The significant discordance
rates in specific patient populations demonstrate that
relying solely on FRAX without BMD could potentially
miss a substantial number of high-risk patients who
would benefit from treatment. This is particularly critical
in resource-limited settings, where strategic allocation of
BMD testing resources could significantly improve the
identification and management of high-risk patients.

These findings provide valuable insights into the use of
FRAX scores with and without BMD in the Filipino
population. By identifying factors that influence
concordance rates and highlighting the crucial role of
BMD measurements in specific patient groups, we can
refine our approach to osteoporosis screening and
management, particularly in resource-limited settings.
This strategic approach ensures that BMD testing
resources are allocated to those patients who would
benefit most from the additional diagnostic information,
ultimately improving the accuracy of fracture risk
assessment and treatment decisions.

CONCLUSION

Comprehensive analysis of FRAX score calculations at
Jose R. Reyes Memorial Medical Center revealed an 87%
agreement between assessments made with and without
BMD  measurements, demonstrating  substantial
consistency in treatment recommendations across both
methods. This finding suggests that FRAX without BMD
can serve as a valuable initial screening tool for fracture
risk assessment in our Filipino population, particularly in
settings where BMD testing resources may be limited.

Through detailed examination of patient data, several
critical patterns emerged that significantly influenced the
alignment between these two assessment methods.
Gender emerged as a key factor, with men showing
notably higher consistency (96.8%) compared to women
(85.7%) in treatment recommendations. Age played a
crucial role, with marked differences appearing in elderly
populations, particularly those 80 years and older where
agreement dropped to 68.2%. Body composition also
proved influential, as underweight (66.7%) and normal
BMI (77.1%) individuals showed lower consistency
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compared to overweight (90.2%) and obese (94.4%)
participants.

Most notably, analysis identified specific patient
subgroups where BMD measurements provided crucial
additional information for treatment decisions. Patients
with confirmed osteoporosis showed a significant drop in
concordance to 67.3%, while those with intermediate
FRAX scores (2-5.9%) demonstrated the highest rates of
divergence in treatment recommendations. These
findings point to specific populations where BMD testing
might be most valuable: women over 60 years, patients
280 years of age, individuals with low or normal BMI, and
those with intermediate FRAX scores without BMD.

These insights support implementing a tiered approach
to fracture risk assessment in clinical practice,
particularly in resource-limited settings. While FRAX
without BMD serves as an effective initial screening tool,
strategic allocation of BMD testing to identified high-risk
groups can optimize resource utilization while ensuring
comprehensive care for those most likely to benefit from
additional assessment. Future research should focus on
validating these findings across diverse Filipino
populations and evaluating the long-term clinical
outcomes of this strategic approach to osteoporosis
management.

LIMITATIONS OF THE STUDY

The study is specifically concerned with the concordance
of FRAX scores at the time of DXA procedure. It does not
intend to monitor or measure treatment decision
outcomes following the initial assessment. The study is
limited to patients at Jose R. Reyes Memorial Medical
Center, which may not represent the entire Filipino
population. As such, the findings may not be
generalizable to other regions or ethnic groups within
the Philippines. The FRAX tool itself has inherent
limitations, as it may not capture all the nuanced risk
profiles, especially when BMD is not included in the
calculation. The reliance on record review for data
collection may introduce bias if the records are
incomplete or inaccurate.
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ABSTRACT

8F_Fluorodeoxyglucose (*F-FDG) Positron Emission Tomography/ Computed Tomography (PET/CT) is an
advanced multimodality imaging tool that has become part of standard of care in oncological practice
providing various utilities. Pure yolk sac tumor-postpubertal type (PYSTPPT) is an extremely rare and aggressive
malignancy. PYSTPPT is an extremely rare type of germ cell tumor with an aggressive nature with only about 36
documented cases, two of which document use of FDG PET/CT imaging. Here we present the first local
documented case of a 37-year-old, Filipino, male patient who initially presented with an enlarging right testicle,
difficulty breathing and intractable back pain. He was diagnosed with PYSTPPT with locoregional and distant
nodal metastasis with pulmonary metastases. An FDG PET/CT scan was utilized for staging and treatment
evaluation. The patient underwent radical orchiectomy and chemotherapy using Bleomycin, Etoposide, and
Cisplatin, and is currently in complete remission 3 months post-chemotherapy. The use of molecular imaging
modalities such PET/CT scans enable convenient whole-body imaging and thorough assessment in staging,
evaluating treatment response and disease monitoring of malignancies, especially aggressive types such as
PYSTPPT. It also helps provide additional information in documenting rare or unusual diseases.

Keywords: Testicular Germ Cell Tumor, yolk sac tumor, Fluorodeoxyglucose F18, Positron-Emission Tomography

INTRODUCTION

Testicular cancers are rare malignancies that only
compromise about 1% of adult neoplasms. Histologically
it is subdivided into the germ cell tumors (GCTs) and
non-germ cell tumors with the former being more
common, about 80-95% of total cases. In 2016, WHO has
further subdivided GTCs into germ cell neoplasia in-situ
(GCNIS) related GCTs and non-GCNIS related tumors [1 -
3]. Yolk sac tumors (YST) are the most common type of
GCTs in infants and children, often as pure tumors. Con-
versely, in postpubertal individuals, pure YSTs are ex-
ceeding rare malignancies, compromising < 1% of
testicular GSTs [2, 4 - 5]. Due to the rarity of the
condition, there have only been about less than 36
reported cases to date and possibly the first documented
case in the Philippines [2, 5 - 6]. PET/CT scans are
becoming the mainstay imaging modality of choice in
oncology due to its high sensitivity, ability to
differentiate benign and aggressive pathology and
evaluation of treatment outcomes [7]. By documenting
the patient's clinical, radiologic, laboratory workup,
treatment course, and outcome, we aim to contribute to
the limited body of literature on this rare entity.
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CASE DESCRIPTION

A 37-year-old, Filipino, male patient, with no previous
illnesses nor surgery, is non-smoker and non-alcoholic
beverage drinker, exercises regularly, with familial
history of breast and colonic cancer in the paternal side.
The patient presented with progressively enlarging right
testicle for 9 months, with on and off sharp pain, and
soreness. He had no other associated complaints or
symptoms. Patient eventually sought consult wherein
ultrasound of the testicles showed that the right testis
turned into a fairly defined, complex, predominantly
isoechoic mass with interspersed cystic components.
Thereafter, he was advised for surgical management, and
preoperative malignancy work up was done: Computed
tomography (CT) of the abdomen showed enlarged
heterogeneously enhancing right testis, serum alfa fetal
protein (AFP) >51, 700 ng/ml (at 1:1000 dilution) and
beta-human chorionic gonadotropin (B-HCG) 37.47 mlU/
ml. Subsequently, the patient underwent right radical
orchiectomy and a 13 x 9 x 8.5 cm solid, cream tan, right
testicular mass weighing 537.9 grams, was removed.
Serial sections show tumor replacement of the entire
testicular parenchyma with a solid to partially cystic
grayish white to tan cut surface with focal hemorrhage
and necrosis. The tumor abuts the epididymis and tunica
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albuginea without perforation of the tunica vaginalis.
Histologic sections show a tumor with stellate and
spindled tumor cells focally arranged in ringlets with in a
myxoid stroma. Tumor cells with varying amounts of
clear to eosinophilic cytoplasm lining loose meshwork off
anastomosing channels and various cyst containing
mucoid are also seen. Tumor cells forming rounded to
elongated popular structures with glomeruloid
appearance are noted with evidence of no
lymphovascular invasion. Histopathology reported as
yolk sac tumor, post-pubertal type.

Approximately 1 month after the surgery, there was note
of a sharp decline in AFP and B-HCG levels, 6,690 ng/ml
and < 2.39 mIU/ml respectively. Chest CT scan was also
done for metastatic work up which showed tiny
non-calcified pulmonary nodules in the right lung.
Subsequent AFP and B-HCG levels show further decline
816 ng/ml and < 2.39 mIU/ml, respectively.

Within 3 months post-orchiectomy, there was note of
rise in serum AFP 1,470 ng/ml. Subsequently, 5 months
post-orchiectomy, there was onset of back pain,
radiating to the left flank. It was initially attributed to
muscle strain from household work and the patient
self-medicated with celecoxib which provided no relief of
symptoms. The pain was progressive and worse at
nighttime which resulted to difficulty of sleeping
especially when flat on bed. This prompted several
emergency room (ER) consultations where in x-rays,
ultrasound and CT scan showed no underlying pathology.
During one of the ER consultations, the patient was
admitted and started on tramadol 50mg/IV every 8 hours
and pregabalin 75mg/tablet every 12 hours which gave
little to no relief. Magnetic resonance imaging (MRI) of
the lumbosacral spine was then done showing posterior
disc bulges and desiccation, C4-C5 and C5-C6 levels,
causing ventral thecal sac indentation with no spinal cord
compromise; these findings however do not explain the
excessive back pain. Patient then underwent
18F-Fluorodeoxyglucose (18F-FDG) PET/CT scan which
showed hypermetabolic cervical, mediastinal,
retroperitoneal, and pelvic lymphadenopathies with lung
metastases with a recommended staging of IIIC
(pT1bN3M1a, S3) based on the American Joint
Committee on Cancer (AJCC) guideline. Thereafter, the
patient underwent 3 cycles of BEP chemotherapy
(Bleomycin, Etoposide and Cisplatin) in a span of 2
months.

8-months post-orchiectomy, follow-up 18-F FDG PET/CT
scan showed complete resolution of the cervical
lymphadenopathies and pulmonary metastasis with
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metabolic resolution and gross regression of the
mediastinal, retroperitoneal, and pelvic
lymphadenopathies. There was also significant decrease
in AFP and B HCG levels, 4.44 ng/ml and < 2.39 mIU/ml,
respectively. The patient was in remission for
approximately 3 months.

9-months post-orchiectomy, the patient developed
persistent dry cough with associated chest pain. X-ray
was done showing fluid build-up in the right lung. A
thoracentesis was done and blood-like red-fluid was
aspirated. An 18-F FDG PET/CT scan was done showing
hypermetabolic right lung mass, bilateral lung nodules,
right pleural lesions with loculated effusion, left
retroperitoneal mass and thoracic and abdominopelvic
lymphadenopathies. A video-assisted thoracoscopic
surgery (VATS) was done to remove a large portion of
the right lung mass. The patient is currently undergoing
TIP chemotherapy (Paclitaxel, Ifosfamide, and Cisplatin).

DIAGNOSTIC ASSESSMENT

A whole body e FDG PET/CT scan was performed 5
months post-orchiectomy and prior to initiation of
chemotherapy. The maximum intensity projection (MIP)
view showed multiple hypermetabolic lesions in cervical,
thoracic, and abdominal region (Figure 1). For the
cervical region, the scan revealed a non-enhancing mass
in the left cervical area measuring 4.0 x 2.7 x 2.5 cm
(CCxTxAP) with a maximum Standardized Uptake Value
(SUVmax) of 12.3 on PET (Figure 2) with another similar
lesion noted posterior to the left clavicle measuring 1.2 x
1.6 x 1.3 cm with SUVmax of 8.8 (Figure 3).

<m FIGURE 1 PET MIP image
showing the multiple
tracer uptake in the

cervical, thoracic, and
abdominal region
(arrows)
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TIMELINE

Surgery Chemotherapy
Right Bleomycin,
orchiectomy Etoposide and
Cisplatin
January 2023 to September 2023 November 2023 December 2023 February 2024
September 2023 to October 2023 to January 2024
Symptom Histopathology Tumor markers Symptom FDG PETI/CT scan

Palpable right testicular mass,

Yolk Sac Tumor,

Further decline

Intractable back

Metastatic cervical,

progressively enlarging post pubertal type pain and difficulty mediastinal,
Chest CT scan in breathing retroperitoneal,
Ultrasound Tumor markers Tiny non-calcified and pelvic
Complex right testicular mass Sharp decline, still pulmonary Tumor markers lymphadenopa-
wherein neoplasm was elevated nodules, right Rising marker thies, pulmonary
considered lung, levels metastases
inflammatory vs
Abdominal CT scan metastatic
Enlarged heterogeneously
enhancing right testis
Tumor markers
Markedly elevated
Surgery
VATS, right
Chemotherapy
Paclitaxel, Ifosfamide,
and Cisplatin
May 2024 August 2024 September 2024
FDG PET/CT scan Symptom

Complete resolution of the
metastatic cervical,
lymphadenopathies and

Dry cough with associated chest pain

FDG PET/CT scan

pulmonary metastases, metabolic
resolution with gross regression
of the metastatic mediastinal,
retroperitoneal, and pelvic
lymphadenopathies

Hypermetabolic findings are worrisome for recurrent
metastatic disease:

Thoracic and abdominopelvic lymphadenopathy
Pleural lesions with loculated effusion in the right
Bilateral lung nodules and right lung mass-like

consolidation
Left retroperitoneal mass, may be peritoneal or nodal in

nature

In the thoracic region, there were multiple FDG-avid
varisized nodules scattered in both lungs, the largest is in
the right upper lobe measuring 1.1 x 1.0 x 0.8 cm with
SUVmax up to 6.6 (Figure 4). There were multiple
enlarged mediastinal lymph nodes that extends into the
retrocrural space, the largest measuring 1.8cm in short
axis with SUVmax up to 15.0 (Figure 5).

In the abdominal region, the right testis was surgically
absent with no undue FDG activity in the region.
However, there were multiple FDG-avid enlarged lymph
nodes in the retroperitoneal and pelvic regions. The
largest in the left internal iliac chain measuring 2.7 cm in
its short axis diameter. The retroperitoneal lymph nodes
appeared to be encasing the abdominal aorta, renal
arteries, inferior vena cava, bilateral common and
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internal iliac arteries, causing the anterior displacement
of the pancreas and third segment of the duodenum
(Figure 6).

THERAPEUTIC INTERVENTION

The patient was started on chemotherapy consisting of
Bleomycin, Etoposide and Cisplatin. A total of 3 cycles
were completed and a follow-up whole-body PET/CT
scan was done after 1 month for restaging and
evaluation of treatment response. In the follow-up
PET/CT scan, it showed complete resolution of the
non-enhancing, FDG-avid lesions in the left cervical area
(Figure 7).
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FIGURE 2 Axial view of the cervical region showing the (A) CT, (B) PET, and (C) Fused PET/CT images of the
patient’s initial whole-body PET/CT scan of the larger non-enhancing mass in the left cervical area (red arrows).

FIGURE 3 Axial view of the cervical showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s initial
whole-body PET/CT scan of the similar non-enhancing lesion posterior to the left clavicle (red arrows).

i B

Pl

FIGURE 4 Axial and coronal view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s initial
whole-body PET/CT scan with emphasis on the pulmonary nodules (red arrows) .

=

FIGURE 5 Axial view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s initial PET/CT
scan showing the enlarged mediastinal lymph nodes that extends into the retrocrural space (red arrows) .

In the thoracic region, there was complete resolution of
the multiple non-calcified, FDG-avid, varisized nodules in
both lungs. (Figure 8). The previous multiple enlarged
mediastinal lymph nodes extending into the retrocrural
space are no longer FDG-avid and showed significant
decrease in size and number, with few remaining
unenlarged retrocrural lymph nodes, measuring up to 0.4
cm (Figure 9).

The surgical site remained unremarkable. The multiple
enlarged lymph nodes in the retroperitoneal and pelvic
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regions were no longer FDG-avid and showed significant
regression in number and sizes (Figure 10). The largest
lymph node was in the aorto-caval region at L2 vertebral
level, measuring 1.9 cm (previously 2.7 cm in the left
internal iliac region). There was lesser degree of
encasement of the inferior vena cava, abdominal aorta,
and bilateral renal arteries. The bilateral common and
internal iliac arteries were no longer encased, and the
anterior displacement of the pancreas and third segment
of the duodenum was resolved.
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FIGURE 6 Axial, coronal, and sagittal view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s
initial PET/CT scan showing the multiple FDG-avid enlarged lymph nodes in the retroperitoneal and pelvic region.

FIGURE 7 Axial view of the neck, the (A) CT, (B) PET, and (C) fused PET/CT images of the follow-up whole-body
PET/CT scan showing resolution of the lesions in the left cervical region. Initial PET/CT scan (1st row) and follow-up

PET/CT scan (2nd row) .

RELAPSE

In the interim, the patient developed dry cough with
associated chest pain. Another 18F-FDG PET/CT scan was
done and the MIP images revealed multiple FDG-avid
lesions in the thorax and abdomen (Figure 11). There is
interval development of marked irregular enhancing
thickening of the right lung pleura with intense FDG
uptake and minimal loculated effusion (SUVmax up to
11.7) (Figure 12).
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There is also presence of an FDG-avid mass-like
consolidation of the right upper and middle lobes
(SUVmax 14.4) which compresses the traversing right
pulmonary artery, superior pulmonary vein and their
branches, and causes cut-off of the middle lobe bronchi
(Figure 13). There is also interlobular septal thickening in
the remaining pneumatized portions of the right lung.
Non-calcified nodules, some with pleural attachment, are
also seen in the right lower lobe, left upper lobe and
lingula (Figure 14)

Phil J Nucl Med 2026; 21(1): 30 - 43



whole-body PET/CT scan with emphasis on lung region showing resolution of the pulmonary nodules. Initial

PET/CT scan (1st row) and follow-up PET/CT scan (2nd row).

— —
FIGURE 9 Axial view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s second whole-body
PET/CT scan showing resolution of the mediastinal lymph nodes. Initial PET/CT scan (1st row) and follow-up

PET/CT scan (2nd row).

Numerous prominent to enlarged FDG-avid lymph nodes bilobed mass is identified in the left infrarenal
are identified in the right upper paratracheal, bilateral retroperitoneal area, measuring 2.3 x 2.7 cm (Figure 17).
lower paratracheal, subcarinal, paraesophageal, anterior

cardiophrenic, right internal mammary, retrocrural, OUTCOME AND FOLLOW-UP

bilateral posterior intercostal regions (SUVmax up to

8.0). (Figure 15), retroperitoneal, mesenteric and iliac No adverse events were reported post PET/CT scans.
chains regions (SUVmax up to 10.4.) (Figure 16). Patient underwent VATS to remove the thoracic mass

and is currently undergoing TIP chemotherapy.

There is also presence of an FDG-avid (SUVmax 7.1)
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FIGURE 10 Axial, coronal and sagittal view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s
second whole-body PET/CT scan showing resolution of the abdominal lymphadenopathies. Initial PET/CT scan (1st
row) and follow-up PET/CT scan (2nd row) region.
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FIGURE 11 PET maximum intensity projection view of the
patient’s third whole-body PET/CT scan showing multiple
FDG-avid lesions in the thoracic and abdominal regions.

FIGURE 12 Axial view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s third whole-body
PET/CT scan showing the FDG-avid irregular enhancing thickening of the right lung pleura (red arrow) and minimal
loculated effusion (green arrow). Previous PET/CT scan (1st row) and latest PET/CT scan (2nd row) .

DISCUSSION

The 2016 WHO classification divides testicular GCTs into
two main categories: those related to germ cell neoplasia
in situ (GCNIS) and non-GCNIS related tumors. Non-
GCNIS-related tumors include Type |, which consists of
prepubertal teratomas and YSTs, and Type lll, known as
spermatocytic tumors, which lack chromosome 12p
abnormalities. Type | testicular germ cell tumors (TGCTs)
occur primarily in children and are either benign
teratomas or malignant yolk sac tumors. Type Ill TGCTs
are found in older men. In contrast, Type Il GCNIS-related
tumors are malignant, occur in adolescents and young
adults, are associated with chromosome 12p
abnormalities, and include seminomas, nonseminomas
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(such as embryonal carcinoma, teratomas, yolk sac
tumors, and choriocarcinoma), as well as mixed and
regressed GCTs [3 - 5].

Post-pubertal yolk sac tumors (YSTs) usually appear as
part of mixed germ cell tumors (GCTs) or as recurrences
after chemotherapy with unusual morphology, primarily
affecting young to middle-aged men. Pure post-pubertal
YSTs are extremely rare, less than 1% of testicular GCTs,
and are more aggressive in clinical behavior. In most
cases, surgical removal of a pure pre-pubertal YST
through orchiectomy is curative. Currently, there is
limited information regarding prognostic factors
specifically associated with pure post-pubertal YSTs [2, 4
- 5].
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FIGURE 13 Axial view and coronal view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s third
whole-body PET/CT scan showing the mass-like consolidation of the right upper and middle lobes (red arrow) with
associated compression of adjacent structures. Previous PET/CT scan (1st row) and latest PET/CT scan (2nd row).

FIGURE 14 Axial view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s third whole-body
PET/CT scan showing interlobular septal thickening in the pneumatized portions of the right lung and bilateral
non-calcified nodules. Previous PET/CT scan (1st row) and latest PET/CT scan (2nd row).
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FIGURE 16 Axial view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s third whole-body

PET/CT scan showing FDG-avid abdominal lymphadenopathies.

L8

FIGURE 17 Axial and coronal view showing the (A) CT, (B) PET, and (C) fused PET/CT images of the patient’s third
whole-body PET/CT scan showing FDG-avid bilobed mass is identified in the left infrarenal retroperitoneal area.
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Approximately 33% of patients have metastatic disease
at diagnosis. Stage Il patients with yolk sac elements
display poorer prognosis with increased prevalence in
late recurrences due to chemoresistance [4]. Based on
the AJCC classification (Appendix A), the patient is
classified as stage IlIC (pT1bN3M1a, S3) and is of poor
prognosis with a 67% overall survival [8 - 9]. An online
calculator provided by the International Germ Cell
Cancer Collaborative Group (IGCCCG) Update
Consortium predict a 3-year progression-free survival
prediction of 63% (Figure 18) [10].

Positron emission tomography (PET) scan are becoming
the mainstay nuclear medicine imaging technique for
initial staging, evaluation of treatment response and
disease monitoring in oncology. The modality allows
measurement of both physiological and
pathophysiological imaging. A radioactive tracer that
decays by positron emission is used such as
2-["®F]-fluoro-2-deoxyglucose (FDG). It is a glucose
analogue that is transported intracellularly and
phosphorylated to 2-[*®F]fluoro- 2-deoxyglucose-6-
phosphate (FDG-6-phosphate) via the same pathways as
glucose. Due to lesser amount of intracellular glucose
phosphatase, 18F-FDG cannot be further metabolized
and is trapped within the cancer cells [11 - 12]. This
imaging modality is a hybrid of PET and CT technology
that is able to provide both functional and anatomical
information and is shown to improve diagnosing ang
staging of most malignancies. The use of '*F-FDG PET/CT
scan in determining the disease stage, guiding treatment
decisions, and monitoring treatment response played an
important role in management of this case. Pure YST in
adults are extremely rare and aggressive malignancy
which metastasizes primarily through lymphatic spread.
The advantage of hybrid PET/CT over purely anatomical
imaging techniques, such as CT and MRI scans is that it
enables clinicians to determine extent of the disease
throughout the entire body as well as detect metabolic
changes of the malignant lesions before structural chang-
es occur. This aids in determining the need to use
adjunct therapies (e.g. surgery, radiotherapy) for residual
disease [13 - 14].

With increasing popularity of hybrid imaging, there are
some documented cases of PYSTPPT with 18F-FDG PET/
CT imaging done. Garcia-G'omez et al (2021) have
documented extensive highly metabolically active
metastasis in the scrotal-inguinal, pelvic, mesenteric,
retroperitoneal, hepatic, pulmonary, supradiaphragmatic
regions and skeletal dissemination; and Wang et al
(2015) documented lung and inguinal lymph node
metastases [15 - 16].
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The aggressive nature of PYSTPPT warranted close
monitoring using tumor markers and diagnostic imaging.
Compliance for laboratory and radiologic imaging has
been fairly good for this patient, mostly attributed to
private company health insurance, and financial, social
and family support.

Management of testicular yolk sac tumor depends on the
stage of the malignancy and primarily involves radical
orchiectomy with or without chemotherapy, and
dissection of retroperitoneal lymph nodes with
monitoring with serum AFP (Table 2) [2, 8, 17 - 18].
Chemotherapy of choice is Bleomycin, Etoposide and
Cisplatin  which has shown to increase overall
progression free survival rate and overall survival [9].

CONCLUSION

Pure yolk sac tumor post-pubertal type is an extremely
rare and aggressive disease. A third of the known cases
presents with metastases on diagnosis. Current
management  guidelines for advanced  stages
recommends orchiectomy with chemotherapy using
Bleomycin, Etoposide and Cisplatin. FDG PET/CT scan is a
very useful tool for clinicians in initial staging, treatment
response, and long-term monitoring for malignancies.
Given its inherent high sensitivity and ability to detect
disease recurrence prior to anatomic change, the benefit
of using FDG PET/CT for PYSTPPT is of value. An added
benefit, the use of molecular imaging techniques
presents a unique opportunity to further observe, study,
and characterize the metabolism and aggressiveness this
rare disease as well as by allowing a quick and
comprehensive whole-body imaging.
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Individual 3-year progression-free survival prediction of first line metastatic non-seminoma patients

o)
/

Percent

Frogression-free survival (%)

Time from start of first line chemotherapy (years) 3-year predicted PFS (%)

The 3-year PFS predicted by the model is 63 % 15 % of the patients in the database had predicted 3-year PFS 263 %

FIGURE 18 Progression-free survival of the patient based on the International Germ Cell Cancer Collaborative
Group (IGCCCG) Update Consortium online calculator.

TABLE 2. Treatment of yolk sac tumor by stage

Stage 1
Disease is curative in almost all cases by radical inguinal orchiectomy
Choices for Stage 1A
Careful observation (surveillance): regular checkup every two months during the first year, with CT scans every
four to six months. In the second year, regular checkup every three months, with CT scans every six to
twelve months. For relapse, chemotherapy is indicated.
Nerve-sparing retroperitoneal lymph node dissection (RPLND)
Chemotherapy: giving the BEP regimen (bleomycin, etoposide, and cisplatin) for one cycle. Chemotherapy
decreases the rate of relapse.
Stage 1S
Chemotherapy with three cycles of BEP or four cycles of EP (etoposide and cisplatin) is indicated if the alpha
fetoprotein is still elevated post-orchiectomy with no evidence of mass on CT scan.
Stage 2
Surgery must be done first for all the cases.
Stage 2A
Tumor marker values after surgery as well as involvement of the retroperitoneal lymph nodes will decide the
next step of management.
Normal tumor marker levels:
Retroperitoneal lymph node dissection (RPLND): If the lymph nodes contain cancer, then give two cycles of
chemotherapy (BEP or EP). If no lymph nodes are involved, watch and monitor closely for signs of relapse.
Chemotherapy: 4 cycles of EP (etoposide and cisplatin) or three cycles of BEP (bleomycin, etoposide, and
cisplatin).
High tumor markers post-orchiectomy should be treated using chemotherapy (EP or BEP). The number of
cycles is determined after the risk stratification (good, intermediate, or poor).
Stage 2B
Normal tumor marker levels:
Chemotherapy: Four cycles of EP or three cycles of BEP should be given to treat the patients.
Retroperitoneal lymph node dissection (RPLND)
High tumor markers post-orchiectomy should be treated using chemotherapy (EP or BEP). The number of
cycles is determined by the risk stratification (good, intermediate, or poor).
Stage 3
Patients with stage 3 disease should be treated with radical inguinal orchiectomy, followed by 3 to 4 cycles of the
following chemotherapy regimens:
EP 4 cycles
BEP 3 or 4 cycles
VIP (etoposide, ifosfamide, and cisplatin) 4 cycles

High-dose chemotherapy and bone marrow transplant might be indicated in cancer resistance to usual dose
chemotherapy.

Kattuoa MI, Dunton CJ. Yolk Sac Tumors. [Updated 2023 Feb 4]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK563163/
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Appendix

AJCC 8th edition TNM staging classification for testicular cancer

T Primary tumor
X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Germ cell neoplasia in situ
T1 Tumor limited to testis (including rete testis invasion) without LVI
Tla" Tumor smaller than 3 cm
T1b" Tumor 3 cm or larger
T2 Tumor limited to testis (including rete testis invasion) with LVI
or
Tumor invading hilar soft tissue or epididymis or penetrating visceral mesothelial layer covering the external surface of
tunica albuginea with or without LVI
T3 Tumor directly invading spermatic cord soft tissue with or without LVI
™ Tumor invading scrotum with or without LVI

N Regional lymph nodes

NX Regional lymph nodes cannot be assessed

NO No regional lymph nodes metastasis

N1 Metastasis with a lymph node mass <2 cm in greatest dimension or multiple lymph nodes (<5). none >2 cm in greatest
dimension

N2 Metastasis with a lymph node mass >2 c¢m but not >5 cm in greatest dimension or multiple lymph nodes (>5), any one mass
>2 cm but not >5 c¢m in greatest dimension or evidence of extranodal extension

N3 Metastasis with a lymph node mass >5 cm in greatest dimension

M Distant metastasis
MO  No distant metastasis
MI Distant metastases or discontinuous involvement of spermatic cord soft tissue
Mla Nonretroperitoneal nodal or pulmonary metastases
MIb Nonpulmonary visceral metastases

S Serum markers
SX Marker studies not available or nor performed
SO Markers study levels within normal limits
Sl LDH < 1.5 x Ne and hCG (mIU/mL) < 5000 and AFP (ng/mL) < 1000
S2 LDH 1.5-10 x Ne and hCG (mIU/mL) 5000—50 000 or AFP (ng/mL) 1000—10 000
S3 LDH > 10 x Ne and hCG (mIU/mL) > 50 000 or AFP (ng/mL) > 10 000
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ABSTRACT

Background:

A dipyridamole induced stress myocardial perfusion scintigraphy with Tc-99m Sestamibi is utilized for
diagnosing coronary artery diseases. The use of dipyridamole as form of pharmacologic stressor has expected
hemodynamic changes.

Objective:

The objective of this study was to determine the association of these changes with the scan parameters in
patients with suspected coronary artery disease (CAD).

Methodology:

A total of 101 patients, with suspected CAD, who underwent a dipyridamole-induced stress myocardial
perfusion scintigraphy using Tc-99m Sestamibi from January 2019 to March 2020 were included in this study.
The patient databases, monitoring sheets, and scan results were reviewed.

Results:

The blood pressure responses had no significant association with the scan parameters and results. The normal
(> 1.2) and abnormal (< 1.2) heart rate ratios (HRR), which is the peak HR/baseline HR, likewise had no
significant association with the scan results. However, in terms of the median HRR, the higher ratio of 1.29
(normal scan results) against the ratio of 1.25 (abnormal scan results) was determined to be significant (p-value
of 0.032). The HRR also had a direct and indirect weak correlation with stress and rest Left Ventricular Ejection
Fraction (LVEF) values (p-values of 0.09 and 0.011) and Summed Rest Score (p-value of 0.007), respectively. For
the 12-L ECG, only the baseline normal (p-value of 0.018) and infarct findings (p-value of 0.017) were similarly
associated with normal and abnormal scan results, respectively.

Conclusion:

For patients with suspected CAD, the higher HRRs and baseline 12-L ECG of normal and infarct findings relates
to the expected scan result. For scan parameters, the higher HRRs were also correlated with higher stress and
rest LVEF values, and normal SRS, albeit a weak correlation. Notably, the blood pressure and post-infusion 12-L
ECG changes had no significant association. In summary, the higher HRRs indicates normal scan results, normal
SRS, and better LVEF values which increases the diagnostic confidence in the interpretation and management,
especially in some equivocal cases.

Keywords: Dipyridamole, hemodynamic changes, myocardial perfusion scintigraphy

INTRODUCTION

Coronary artery disease is chronic condition that affects
the morbidity and quality of life and is the third leading
cause of cardiovascular disease in the Philippines [1].
Therefore, a myocardial perfusion scintigraphy is used in
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determining the adequacy of blood flow to the
myocardium. To increase its sensitivity, a form of stress
is used which may be through exercise, or a
pharmacologic stress agent. A vasodilator stress agent
such as Dipyridamole produces indirect coronary dilation
with a concomitant systemic vasodilatory effect wherein
there is a decrease in blood pressure and reflex
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tachycardia [2]. These hemodynamic changes may
provide useful information in imaging abnormalities in
coronary artery disease.

It has been well documented that the intravenous use of
dipyridamole produces mild hemodynamic changes with
a near peak effect at 3 minutes from its infusion with
side effects of hypotension, headache, dizziness, and
dyspnea [3]. These side effects have demonstrated a
correlation with hemodynamic variables but did not
affect the imaging or ECG findings [4]. A blunted heart
rate response to Dipyridamole infusion was associated
with an LVEF of less than 45% and was also an
independent predictor of an elevated summed stress
scores (SSS), higher resting heart rate, and lower HDL
levels [2, 5].

However, several studies have noted that the clinical
significance of these hemodynamic responses is
currently debatable [6]. An abnormal HRR and systolic
blood pressure response may suggest an inadequate
patient response to dipyridamole infusion. The aim of
this study was to determine the association of
hemodynamic changes with the scan parameters of a
dipyridamole-induced stress myocardial perfusion
scintigraphy with Technetium-99m Sestamibi in patients
with suspected CAD.

METHODOLOGY

This is a retrospective cross-sectional study that included
101 adult patients referred to the Division of Nuclear
Medicine, Philippine Heart Center  for a
dipyridamole-induced stress myocardial perfusion
scintigraphy with Tc-99m Sestamibi for the assessment
of suspected coronary artery disease between January
2019 and March 2020. Patients with an incomplete
information sheet, database, or images were excluded.

The patients included must have strictly followed the
Standard Operating Procedure (SOP-M-AMS-NMD-023)
for a dipyridamole-induced stress myocardial perfusion
scintigraphy with Tc-99m Sestamibi of this institution.
The data compiled was then checked for any
inconsistencies/errors to the procedure.

The patients’ data were obtained from their information
sheet, databases, monitoring sheets, and official scan
results. These included the following: demographic data,
clinical history, blood pressure and heart rate readings,
electrocardiographs, and scan results. The pertinent data
were entered into the prepared collection forms/
spreadsheets for statistical analysis.
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The patients were then categorized based on their
recorded blood pressures and heart rates as normal or
abnormal. A normal systolic blood pressure (SBP)
response was defined as a reduction of more than or
equal to 10 mmHg from the baseline and a normal heart
rate response was based on the heart rate ratio (peak
HR/baseline HR) of more than 1.2. An abnormal
hemodynamic response was less than 10 mmHg from
the baseline for SBP and less than or equal to 1.2 for the
heart rate ratio (HRR) [7]. Other variables considered
were the ECG findings before and after dipyridamole
infusion, time when the hemodynamic change was
noted, and side effects.

Dependent variables are the scan findings of perfusion
defects interpreted as reversible (ischemia) or fixed
(infarct/fibrosis) — which were noted in the official
reports. The widely adopted American College of
Cardiology/American Heart Association (ACC/AHA) 17
segment polar map of the left ventricle with a five-point
score scale was used for the summed stress score (SSS),
summed rest score (SRS), and the summed difference
score (SDS). The left ventricle ejection fraction values
(LVEF) at stress and rest were also included. The scan
results were likewise determined as either having a
normal or abnormal as indicated in the official reports.
Normal scans were defined by the absence of any defect
as seen in the final interpretation of the scan report and
any finding that indicates otherwise were noted as
abnormal.

Sample Size Calculation

With the G*Power 3.1.9.2, a minimum of 89 patients
were needed for this study based on the average heart
rate before (82) and after (92) the Dipyridamole test,
common standard deviation of 10, 5% level of
significance and 90% power.

Statistical Analysis

Descriptive statistics were used to summarize the
demographic and clinical data of the patients.
Frequency and proportion were then used for the
categorical variables, median and inter quartile range for
non-normally distributed continuous variables and mean
and SD for normally distributed continuous variables.
Independent Sample T-test, Mann-Whitney U, and
Fisher’s Exact/Chi-square test were used to determine
the difference of mean, rank and frequency, respectively,
between patients with normal versus abnormal result.
Paired sample T-test was used to compare blood
pressure and heart rate at baseline and after
dipyridamole infusion. Spearman correlation analysis
was used to determine the correlation of the difference
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myocardial perfusion scores and LVEF values. Chi-square
test for association was undertaken to establish the
association of Myocardial Perfusion Score category and
LVEF to Baseline ECG findings. Shapiro-Wilk was then
used to test the normality of the other continuous
variables. Missing variables were neither replaced nor
approximated. Null hypotheses were rejected at 0.05
a- level of significance. STATA 13.1 was used for the
entire data analysis.

RESULTS

In all, a total of 101 patients were included in this study
with their demographic profile and test as seen in Table
1. There was a significant difference for the older age (p-
value of 0.018) and female sex (p-value of 0.006) with
the normal scan results.

A significant difference for patients with abnormal
results was noted for those with chronic kidney disease
(3.96%). Most of the patients were hypertensive
(83.17%). Other demographic and procedural data such
as the anthropometrics, administered activities (mCi),
dipyridamole infused (0.56 mg/Kg), other comorbidities,
and symptoms before infusion showed no significant
difference.

The blood pressure and heart rate before and after
dipyridamole infusion (Table 2) were statistically
significant. This was also seen for both the normal and
abnormal scan results (p value of < 0.001).

For the hemodynamic changes in a dipyridamole-induced
stress (Table 3 & 4), twenty-two patients (21.78%) had
an abnormal SBP decrease (< 10 mmHg) while 35
patients (34.65 %) had an abnormal HRR. Overall, 50
patients (49.5%) had abnormal SBP decrease and/or
HRR.

The median SBP decrease was at 20 mmHg from the
baseline. A normal SBP decrease (> 10 mmHg) was noted
in majority of the patients (78.22%) with 52 patients
(76.47%) corresponding with a normal scan result. An
abnormal SBP decrease was also noted with the normal
scan results of 16 patients (23.53%). However, these
findings were not statistically significant.

For the HRR, the median ratio was 1.28 with a
significantly lower ratio of 1.25 for the abnormal scan
results compared to a ratio of 1.29 for a normal scan
result (p-value of 0.032). Although, there was
no statistically significant difference between the normal
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(> 1.2) or abnormal (<1.2) HRR and the scan results.

Other hemodynamic changes (Table 4), such as the DBP
decrease and patients with abnormal SBP decrease
and/or HRR were not statistically significant. In terms of
the double product or rate pressure product, which is
the product of the HR and SBP, only the post-infusion
double product was determined to have a statistically
significant difference with the scan results (p-value of
0.044). The post-infusion double product was noted to
be higher for normal scans [10.68 (9.2 to 12.84)] than
those with abnormal scan results [10.22 (8.46 to 11.18)].
There was also a statistically significant difference from
the baseline to post-infusion change of the double
product for entire study population and for the those
with normal scans (p-value of < 0.001).

Most of the baseline ECG findings were normal (42.58%)
and with no apparent change after dipyridamole infusion
(87.13%). There was a statistically significant difference
for the normal baseline (p-value of 0.018) and infarct
ECG findings (p-value of 0.017); and normal/abnormal
scan results, respectively. The changes in the ECG after
dipyridamole infusion were only noted in 13 patients
(12.87%), wherein 6 patients were noted with an ST
segment depression and that only 2 patients had the
presence of ischemia in their scan results. This, however,
was not statistically significant.

For the frequency of myocardial perfusion scores (Table
6), majority of the patients had a normal SSS (81.19%),
SRS (87.13%), and SDS (84.16%). Ischemia (51.61%) was
the most common defect noted followed by fibrosis and
infarct findings. As seen in Table 7, there was no
statistically significant correlation between the SBP
decrease and myocardial perfusion scores. The HRR
showed a statistically significant direct/indirect weak
correlation for the rest and stress LVEF values (p-values
of 0.09 and 0.011) and SRS (p-value of 0.007). This
implies that higher HRRs, the better LVEF values. This is
also the case for SRS wherein a score of less than 4 is
normal. However, the level of association was weak for
these findings.

Table 8 shows the other findings monitored during the
dipyridamole infusion period. For the time in which the
peak HR (P-value of 0.003) was attained, patients with
normal scan results had an average of 8.15 (+ 2.94)
minutes compared to 6.56 (+ 2.21) minutes for those
with abnormal results. The time attained for the lowest
SBP decrease and symptom/s during infusion were not
statistically significant. Chest heaviness (35.64%) was the
most frequent symptom noted.
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TABLE 1. Demographic profile and procedural data of the patients

Scan result
Total (n=101) | Abnormal (n=33) | Normal (n=68)
p-value
Frequency (%); Mean + SD; Median (IQR)
Age (years) 61.02+ 144 56.18 + 16.03 63.37 + 13.02 0.018
Sex
Male 50 (49.5) 23 (69.7) 27 (39.71) 0.006
Female 51 (50.5) 10 (30.3) 41 (60.29)
Weight (kg) 67.15 + 15.89 68.35 + 16.79 66.57 + 15.53 0.600
Height (cm) 159.40 + 9.26 161.24 + 8.68 158.5 + 9.46 0.164
Administered Activity
Rest (mCi) 327 (310t0 355) | 326 (303 to 350) | 328 (313t0 359)| 0.304
Stress (mCi) 834 (81510 870) | 825 (808 to 857) | 841 (818t0 873)| 0.182
Dipyridamole (mg) 36.4 (31.8t044.3)| 36.4 (32.4 t0 43.7) | 36.95 (31 to 44.5)| 0.688
Comorbidities
Hypertension 84 (83.17) 29 (87.88) 55 (80.88) 0.572
Dyslipidemia 44 (43.56) 13 (39.39) 31 (45.59) 0.670
Diabetes Mellitus 33 (32.67) 12 (36.36) 21 (30.88) 0.653
Smoker 7 (6.93) 3(9.09) 4 (5.88) 0.680
ESRD 4 (3.96) 3(9.09) 1(1.47) 0.101
CKD 4 (3.96) 4 (12.12) 0 0.010
Symptoms before infusion
Easy fatigability 24 (23.76) 8 (24.24) 16 (23.53) 1.000
Exertional dyspnea/DOB 23 (22.77) 11 (33.33) 12 (17.65) 0.127
Asymptomatic 17 (16.83) 4 (12.12) 13 (19.12) 0.572

TABLE 2. Blood pressure and heart rate before and after dipyridamole infusion

Before | After
Mean + SD p-value
All patients
SBP 137.62+ 19.19 | 119.80+ 21.4] <0.001
DBP 83.26 + 10.4 70.3+12.37 | <0.001
Heart rate 69.89+ 12.64 | 89.92+ 13.47| <0.001
Patients with Abnormal scan results
SBP 136.91+ 191 | 120.15+ 19.2] <0.001
DBP 81.31+943 | 69.56 + 11.12| <0.001
Heart rate 71.06 + 13.82 87.42+ 13 <0.001
Patients with Normal scan results
SBP 139.09 + 19.58 |1119.09 + 25.66] < 0.001
DBP 87.27+11.26 | 71.81+14.67| <0.001
Heart rate 69.32+12.09 | 91.13+13.62| <0.001
TABLE 3. Hemodynamic changes in dipyridamole-induced stress
Scan result
Total (n=101) | Abnormal (n=33)| Normal (n=68) p-value
Frequency (%); Median (IQR)

SBP decrease 20 (30 to 10) 20 (30 to 10) 20 (30 to 10) 0.366
Normal SBP decrease (= 10 mm Hg) 79 (78.22) 27 (81.82) 52 (76.47) 0.615
Abnormal SBP decrease (< 10 mm Hg) 22 (21.78) 6 (18.18) 16 (23.53)

HR Ratio (HRR) 1.28 (1.2t01.42)( 1.25(1.1t01.33)] 1.29(1.2t0 1.4)| 0.032
Normal (> 1.2) 66 (65.35) 18 (54.55) 58 (70.59) 0.124

Abnormal (<1.2) 35 (34.65) 15 (45.45) 20 (29.41)

Phil J Nucl Med 2026; 21(1): 44 - 51

47



TABLE 4. Other hemodynamic changes in dipyridamole-induced stress

Scan result
Total (n=101) | Abnormal (n=33) | Normal (n=68) p-value
Frequency (%); Median (IQR)

DBP decrease 10 (20 to 10) 20 (20 to 10) 10 (20 to0 0) 0113
Abnormal SBP decrease and/or HRR 50 (49.5) 17 (51.52) 33 (48.53) 0.834
Double Product

Baseline 9.1(7.93 to 10.64) 8.58 (7.93t010.4) | 9.33(7.92to 11.05) 0.233

Post-Infusion 10.56 (9.02 to0 12.18) | 10.22 (8.46 to 11.18)] 10.68 (9.2 to 12.84) 0.044

Difference 0.99 (-0.15t02.46) | 0.78 (-0.49t01.84) | 1.10 (0.03 to 2.75) 0.158
p-value (Baseline vs post-infusion) <0.001 0.061 <0.001

iDouble Product = HR x SBP

TABLE 5. Blood pressure and heart rate before and after dipyridamole infusion

Scan result
Total (n=101)| Abnormal (n=33)| Normal (n=68)
Frequency (%); Mean *+ SD p-value
Baseline ECG
Normal 42 (42.58) 8 (24.24) 34 (50) 0.018
Conduction findings 39 (38.61) 14 (42.42) 25 (36.76) 0.665
Infarct findings 12 (11.88) 8 (24.24) 4 (5.88) 0.017
Ischemic findings 14 (13.86) 4(12.12) 10 (14.71) 1.000
Hypertrophy findings 11 (10.89) 6 (18.18) 5 (7.35) 0.170
After Dipyridamole infusion
ECG No change 88 (87.13) 26 (78.79) 62 (91.18) 0.113
With change 13 (12.87) 7 (21.21) 6 (8.82)
ST segment depression| 6 (46.15) 2 (33.33) 4 (57.14) 0.592
Other changes 7 (53.85) 4 (66.67) 3 (42.86)

TABLE 7. Correlation of SBP decrease and HRR to Myocardial
Perfusion Scores and Left Ventricle Ejection Fractions

TABLE 6. Myocardial Perfusion Scores Correlation Level of p-value
Frequency (%); coefficient association
__ Median (IQR) SBP decrease
Description of Defect (n=31) SSS 20.1426 Indirect weak | 0.155
Ischemia 16 (51.61) correlation
Infarct 4 (12.9) SRS -0.0988 Indirect weak | 0.325
Fibrosis 5 (16.13) correlation
SSS 8 (4 to 19) SDS -0.0605 Indirect weak 0.548
Normal (< 4) 82 (81.19) correlation
Moderate (9-12) 1(0.99) Stress LVEF 0.0378 Directweak | 0.707
Severe (>12) 10 (9.90) correlation
SRS 9 (4 10 16) HRR
Normal (< 4) 88 (87.13) SSS -0.0906 Indirect weak | 0.368
Mild (4-8) 6 (5.94) correlation
Moderate (9-12) 1 (0.99) SRS -0.2650 Indirect weak | 0.007
Severe (>12) 6 (5.94) correlation
SDS 7 (3to 15) SDS 0.0013 Direct weak 0.990
Normal (<2) 85 (84.16) Rest LVEF 02591 o Irretlatlonk 0.009
- es } irect wea .
Mild (2-3) 5 (4.95) correlation
Moderate (4-7) 3 (2.97) Stress LVEF 0.2516 Direct weak | 0.011
Severe (>8) 8 (7.92) correlation
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For the association of the baseline ECG findings with the
myocardial perfusion scores (Tables 9, 10, and 11), the
infarct  findings showed statistically significant
association with the SSS (p-value of < 0.001), SRS
(p-value of < 0.001), and SDS (p-value of 0.005); and the
normal baseline ECG with SRS (p-value of 0.028).

DISCUSSION

Dipyridamole is a phosphodiesterase enzyme inhibitor
that indirectly increases myocardial perfusion by
inhibiting the reuptake of endogenous adenosine [8].
Through this mechanism, it provides an alternative form
of stress with expected hemodynamic changes which
may have a clinical significance.

The hemodynamic changes in the SBP showed no
significant difference between the myocardial perfusion
scores (SSS, SRS & SDS), stress/rest LVEF, and the
eventual scan result. The diastolic blood pressure
changes likewise showed no significant difference. These
findings were congruent with the study by Ghoobli, et.
al. in 2017 wherein abnormal SBP changes are not
associated abnormal scan findings and myocardial
perfusion scores [2]. It was also noted that the absence
of SBP response correlation may be affected by the
presence of LV dysfunction in the study population.

The normal (> 1.2) /abnormal (< 1.2) heart rate ratios
(HRR) also had no significant difference with the scan
results while the median HRR was determined to have
had a significant difference. The median HRR for this
study was noted to be at 1.28 which is a normal
response with a higher ratio of 1.29 for normal results
compared to 1.25 for the abnormal results. This implies

TABLE 8. Dipyridamole induced stress monitoring

that a higher HRR or greater increase from the baseline
HR is associated with normal scan results, but the cut-off
value of 1.2, as previously defined, is uncertain for this
study [9]. Though, it has likewise been suggested that
further investigations are needed to determine the ideal
limits for HR response to vasodilators as previous studies
have reported a high number of abnormal HRRs [5, 9]. It
has also been stated that reduced HRR to vasodilators is
associated with increased risk and as well as an
independent predictor of cardiac death [2, 5, 10]. For the
myocardial perfusion scores, only the SRS had an indirect
correlation with HRR albeit the level of association was
weak. The stress and rest LVEF values also showed a
direct weak correlation. Overall, the higher HRRs may
indicate normal SRS (< 4) and higher stress/rest LVEF
values which relates to normal scan results. This provides
diagnostic confidence in understanding the effects of the
Dipyridamole, particularly its effect on heart rate,
wherein a substantial increase from baseline implies a
normal myocardial perfusion.

For the double product or rate pressure product, the
post-infusion value for the normal and abnormal scan
results [10.68 (9.2 to 12.84) vs 10.22 (8.46 to 11.18)] was
determined to have had a significant difference. The
median post-infusion double product was 10.56 (9.02 to
12.18) for this study. The double product is used as a
measure of myocardial oxygen demand and that
dipyridamole causes a decrease in iBP and increase in HR
which supports the values obtained for this study [11]. A
preliminary study likewise had similar findings for post-
infusion double product and observed a significant
difference for A double product [11]. It was noted that
the double product is related to sympathetic nervous
system activity and decreased parasympathetic nervous
system activity for which dipyridamole is not affected.

Scan result
Total (n=101) | Abnormal (n=33) | Normal (n=68) p-value
Frequency (%); Mean + SD; Median (IQR)
Time attained (minutes)
Lowest SBP decrease 7.07 + 313 745+ 2.84 6.88 + 3.27 0.392
Peak HR 7.08 + 2.57 6.56 + 2.21 8.15+ 2.94 0.003
Symptom during infusion 5.86 + 2.64 5.66 + 2.53 6.37 + 2.91 0.328
Symptom/s during infusion
Chest heaviness/discomfort 36 (35.64) 10 (30.30) 26 (38.24) 0.510
Light headedness 24 (23.76) 9 (27.27) 15 (22.06) 0.621
Abdominal pain 23 (22.77) 7 (21.21) 16 (23.53) 1.000
Headache 21 (20.79) 6 (18.18) 15 (22.06) 0.796
Dizziness 9 (8.91) 1 (3.03) 8 (11.76) 0.265
SOB 6 (5.94) 1 (3.03) 5 (7.35) 0.661
Others 11 (10.89) 5(15.15) 6 (8.82) 0.333
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Baseline normal and infarct ECG findings showed a
significant difference with normal and abnormal scan
results, respectively. Myocardial perfusion scores (SSS,
SRS, and SDS) correlated with the baseline infarct
findings while only the SRS for the baseline normal ECG
findings. Although, it should be noted that SDS is used as
an index for ischemic burden and the most frequent
defect noted for this study population was also ischemia.
After dipyridamole infusion, most ECG findings remained
unchanged with no significant difference for those 13
patients (12.87%) with only 6 developing the presence of
ST segment depression. This is expected since
dipyridamole does not induce absolute ischemia in most
patients.

In terms of the demographic profile, patients that were
younger (56.18 + 16.03) had abnormal scan results. This
suggests that these patients may have developed
comorbidities earlier, hence the abnormal scan results. It
should also be noted that these patients were preferably
requested to undergo a dipyridamole induced stress
rather than exercise; and are being considered for
suspected CAD, which suggests a higher risk profile.
Males were also noted to have an abnormal scan result,
likely due to the greater influence of common factors
(age, hypertension, etc.) than women thus the greater
risk of cardiovascular disease [12, 13].

Another finding noted to be significant was the time
(minutes) to reach the maximal HR upon dipyridamole
infusion which was longer for those with normal scan
results (8.15 + 2.94 vs. 6.56 + 2.21). This implies that a
longer and possibly sustained increase in the HR may
indicate a better HRR which would be congruent with a
normal scan result as previously noted.

This retrospective study is limited as a single-center
study referred to our institution for patients with
suspected CAD. Cardiac autonomic dysfunction was also
not confirmed which may help in understanding
abnormal hemodynamic response.

CONCLUSION

In patients with suspected CAD who undergo a
dipyridamole-induced stress myocardial perfusion
scintigraphy —Tc-99m Sestamibi, the higher HRRs and
baseline 12-L ECG (normal and infarct) findings, relates
with the expected scan results. This implies that higher
HRRs and normal baseline ECG finding are associated
with normal scan results, and baseline infarct findings
relate with abnormal scan results. The higher HRRs were
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also associated with the higher stress/rest LVEF and
normal SRS, which supports a normal scan result .

However, there was no significant association for the
blood pressure responses and post-infusion 12-L ECGs
with any of the scan findings/results. Overall, the results
may guide the clinician and reader in the study
interpretation, thereby increasing diagnostic confidence
and having a clearer understanding of the hemodynamic
effects of Dipyridamole, especially in equivocal findings.
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ABSTRACT

Background:

Osteoporosis, a severe metabolic bone disease, is a common cause of fragility fractures, disability, and reduced
quality of life. Dual-energy X-ray absorptiometry (DXA) is widely recognized as the most reliable standard for
diagnosing osteoporosis; however, few local data sets describe the prevalence and clinical characteristics of
Filipino patients undergoing central bone densitometry. Most Philippine research uses historical populations or
easily available data sets, underscoring the need for more current, institution-based information. The large DXA
case load at St. Luke’s Medical Center — Global City, which performs over 3,000 scans annually, highlights the
value of generating local data from high-volume tertiary centers.

Objective:

To determine the prevalence of osteoporosis based on central DXA results in Filipino adults and to describe their
clinico-demographic characteristics).

Methodology:

This analytic cross-sectional study included 244 Filipino patients who underwent DXA scanning at St. Luke’s
Medical Center — Global City from February to July 2025. Data on age, sex, comorbidities, dietary calcium
intake, physical activity, caffeine intake, smoking, alcohol use, medication history, and family history of
osteoporosis were obtained using an institutionally approved DXA questionnaire. DXA results were classified as
normal, osteopenia, osteoporosis, or severe osteoporosis according to World Health Organization guidelines.
Descriptive statistics summarized patient parameters. Chi-square and Fisher’s exact tests were used to assess
associations between risk factors and DXA classifications.

Results:

Most participants were women (92.6%) and were 51—65 years old (63.5%) The most common comorbidities
were hypertension (27.9%) and diabetes (15.6%). According on DXA report, 49.6% had osteoporosis, 39.8% had
osteopenia, 7.8% had normal bone mineral density, and 2.9% had severe osteoporosis. A statistically significant
association was found between age group and DXA result (p = 0.013). Other factors—including sex,
comorbidities, daily calcium intake, physical activity, caffeine intake, smoking, alcohol use, and family history of
osteoporosis—were not significantly associated with bone density classification.

Conclusion:

Osteoporosis is highly prevalent in this cohort study, with almost 90% of patients had low bone mineral density,
manifested as osteopenia (39.8%) or osteoporosis (49.6%). Among the examined variables, age was the only
one significantly associated with the BMD classification, confirming the known impact of aging on bone
deterioration. No significant associations with other clinical and lifestyle factors were found, reflecting a
complex and multifactorial etiology of osteoporosis. These data confirm that routine performance of DXA
screening, especially in the elderly and postmenopausal women, should be promoted in order to allow early
detection, risk stratification, and intervention.

Keywords: osteoporosis, dual-energy X-ray absorptiometry, bone mineral density, Filipino adults, prevalence,
clinical profile
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INTRODUCTION

Osteoporosis is a metabolic bone disorder characterized
by porous and brittle bones that are more vulnerable to
low-impact trauma and falls. It can affect both men and
women across all age groups and ethnicities, though it is
more prevalent among older adults, particularly
postmenopausal women. Osteoporosis is a major public
health concern because it can lead to fractures of the
hip, spine, and distal forearm, which in turn result in loss
of independence, disability, decreased quality of life, and
even death. One in three females and at least one in five
males over the age of 50 may suffer from fractures
related to osteoporosis. Multiple factors contribute to
increased fracture risk in patients with osteoporosis.
These include hormonal influences, use of medications
such as glucocorticoids, smoking, inadequate calcium
and vitamin D intake, physical inactivity, small body size,
and family history of skeletal disorders [1]. Assessing the
prevalence and clinical profile of patients with
osteoporosis is therefore a crucial first step in addressing
this condition. Through better understanding of these
characteristics, clinicians can coordinate with primary
care physicians to design effective interventions,
management strategies, and treatment protocols.

In the Philippines, the number of studies describing the
prevalence and clinical profile of osteoporosis is limited,
particularly those using DXA—also known as central
bone densitometry—as the diagnostic tool. Available
studies have focused on specific subgroups or relied on
older population-based data, highlighting the need for
updated information using contemporary cohorts [2 — 9].
St. Luke’s Medical Center — Global City performs more
than 3,000 DXA scans annually, providing a valuable
opportunity to generate institutional data that may
approximate the local Filipino demographic seeking care
in a tertiary medical center.

Dual-energy X-ray absorptiometry is a well-established
method for assessing body composition and bone
mineral density. It uses attenuation of X-ray beams at
two different energies to distinguish between tissues
with different mass attenuation coefficients and is
considered the gold standard for diagnosing
osteoporosis [2,3]. According to the World Health
Organization (WHO) criteria, osteoporosis is diagnosed
when the T-score is < —2.5 in postmenopausal women
and men aged 50 years or older, based on bone mineral
density measures at the posteroanterior lumbar spine
(L1-L4) and hip (femoral neck or total hip, whichever is
lower) [4].
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Globally, osteoporosis is highly prevalent. An estimated
200 million people are affected, and approximately 9
million fractures occur each year as a consequence of
this condition [9]. Osteoporosis-related fractures—
particularly of the wrist, spine, and hip—are associated
with substantial morbidity, functional impairment, and
increased mortality, as well as significant socioeconomic
burden for patients, families, and health systems [10—
13]. In the United States, for example, hip fractures can
increase mortality by 10-20%, and up to 70% of
survivors experience persistent disability [11,12].

OBJECTIVES

General Objective

To determine the prevalence and clinical profile of
osteoporosis among Filipinos based on central dual
energy Xray absorptiometry (DXA) scan done in St. Luke’s
Medical Center — Global City from February to July 2025.

Specific Objectives
1. To describe the clinico-demographic characteristics
of Filipino adults who underwent central DXA
scanning  during the study period, specifically
according to:
i.  Age group distribution (19-35, 36-50, 51-65, 66
— 75, 76-85, and >86 years)
ii. Sex
iii. Presence of comorbidities (e.g., hypertension,
diabetes mellitus, hyperthyroidism,
hypercortisolism, hyperparathyroidism,
chronic kidney disease, hypogonadism,
low testosterone, early menopause)
iv. Medication history (e.g., glucocorticoids, thyroid
medications, hormone-related therapies)
v. Dietary calcium intake (low vs. adequate)
vi. Physical activity level (low, moderate, high)
vii. Lifestyle habits, including caffeine intake,
smoking, and alcohol consumption
viii. Family history of osteoporosis

2. To determine the proportion of patients with severe
osteoporosis among those diagnosed with
osteoporosis based on central DXA findings.

3. To determine the association between DXA
classification (normal, osteopenia, osteoporosis,
severe osteoporosis) and the following risk factors:
age, sex, comorbidities, medication history, dietary
calcium intake, physical activity level, caffeine intake
smoking history, alcohol intake, family history of
osteoporosis
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METHODOLOGY

Study Design, Setting, and Population

This analytic cross-sectional study included Filipino adult
patients who underwent central dual-energy X-ray
absorptiometry scanning at the Department of Nuclear
Medicine and Theranostics, St. Luke’s Medical Center —
Global City, from February to July 2025.

Inclusion Criteria
Patients were eligible if they:

1. provided informed consent;

2. were Filipino;

3. were Filipino males aged =50 years, or women who
were postmenopausal or in the menopausal
transition regardless of age; and

4. had a DXA scan performed at St. Luke’s Medical
Center — Global City between February and July
2025.

Exclusion Criteria

Patients were excluded if they:
1. were pregnant; or
2. were pediatric patients

OPERATIONAL DEFINITION OF TERMS

The following terms were provided with their
operational definitions. The definitions listed were based
on how these terms were used in the study, and the
terms were arranged alphabetically.

Central Bone Densitometry: This refers to the diagnosis
of osteoporosis based on the bone mineral densities of
the regions of interest in the lumbar spine, total hip, or
femoral neck.

Clinico-Demographic Profile: This referred to the
baseline data of patients with osteoporosis. This included
their age, sex, presence of comorbidities, history of
medications, dietary intake, history of caffeine intake,
smoking and drinking habits, and family history of
osteoporosis.

Department of Nuclear Medicine and Theranostics - St.
Luke’s Medical Center — Global City: This was the
declared research locale where actual cases of
osteoporosis were obtained. This served as the main
locale of data collection.

Dual Energy X-ray Absorptiometry (DXA): This was also
known as central bone densitometry. This instrument
used minute doses of ionizing radiation to produce
images of the bone to diagnose osteoporosis. It was a
simple, fast, and non-invasive tool for diagnosing
osteoporosis.
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Normal Bone Mineral Density: Defined as by bone
mineral density (BMD) of T-scores equal to or greater
than -1.0 standard deviations (SD) in postmenopausal
women and men aged 50 and older.

Low Bone Mass (Osteopenia): This is defined by bone
mineral density (BMD) T-scores between -1.0 and -2.5
standard deviations (SD) in BMD of postmenopausal
women and men aged 50 and older.

Osteoporosis: This is the main condition of patients who
will be included in the analysis. This refers to a bone
disease that develops due to the decrease in the bone
mineral and mass. Defined as a BMD T-score of -2.5
standard deviations (SD) or less below the lumbar spine,
total hip, or femoral neck mean BMD in postmenopausal
women and men aged 50 and older.

Severe or Established Osteoporosis: Clinically, severe
osteoporosis may refer to cases where the T-score is
significantly lower than -2.5 SD, with one or more past
fractures due to osteoporosis.

Low or adequate calcium intake: Adults aged 19 to 50
are considered to have low calcium intake if they
consume approximately less than 750 mg daily. For those
aged above 50, intake is considered low if it falls below
800 mg per day.

Caffeine intake: Categorized into three levels based on
daily consumption: low intake of less than or equal to
three cups, moderate intake of four cups, and high
intake of more than 4 cups

Smoking: Smoking is assessed in pack-years by
multiplying the total years smoked by the number of
packs per day. Smokers are classified into never smokers
(0.0 pack-years), light smokers (0.1-20.0 pack-years),
moderate smokers (20.1-40.0 pack-years), and heavy
smokers (>40 pack-years). Current smokers are those
who are currently smoking. Previous smokers are
categorized based on smoking duration and time since
quitting; short-term smokers are those with history of
smoking of less than five years and cessation of more
than one year, while long- term smokers have a smoking
history of five or more years and cessation of six or more
years.

Physical activity: Classified into three levels: Low,
Moderate, and High. The Low category includes
individuals who do not meet the criteria for moderate or
high activity levels. Moderate activity is defined by
meeting at least one of these criteria: engaging in
vigorous activity for 20 minutes on 3 or more days,
moderate activity or walking for 30 minutes on 5 or more
days, or a combination of activities totaling sufficient
exercise over the week. The High category is reached by
either performing vigorous activity on 3 days or
combining different activities across 7 days to achieve a
substantial total of physical exertion.
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Menopausal transition or Perimenopause: The period
when women experience hormonal changes leading to
menopause. It typically starts in the 40s but can vary due
to genetics, lifestyle, or health factors.

DESCRIPTION OF STUDY PROCEDURES

As soon as permission was granted, the investigator
began coordinating with the Nuclear Medicine
Department to attach the research questionnaire and
consent form in addition to the standard form used by
the institution. Only those who affixed their signatures
on the consent form were recruited into the study.
Subjects were asked if proper preparations had been
followed, such as the avoidance of calcium supplements
for 24 hours. The subjects should have had no barium
study or any CT scan with contrast a week before the
DXA procedure. Subjects were asked to change into a
hospital gown and to remove their shoes and
accessories. Once enrolled, participants received an
additional questionnaire to collect supplementary data
not covered in the institutional DXA questionnaire, such
as information on diabetes mellitus and chronic kidney
disease, both of which could decrease BMD. The
technician assisted the subjects in lying supine on the
machine. Images of the hips and spine were acquired
using a GE Lunar iDXA machine. The technologist
processed the images using the vendor-provided
software. All DXA scans were interpreted and qualified
independently by two board-certified Nuclear Medicine
physicians to ensure accuracy and consistency of the re-
sults. Once all medical charts were collected and re-
viewed, the researcher gathered the clinico-
demographic profiles of the patients. This included their
age, sex, presence of comorbidities, history of medica-
tions, dietary intake, caffeine intake history, smoking and
drinking habits, and family history of osteoporosis. After
these had been obtained, the main proponent deter-
mined the prevalence and risk factors for osteoporosis
based on the dual-energy X-ray absorptiometry (DXA)
findings. Patients were categorized according to normal
bone density, osteopenia, osteoporosis, or severe
osteoporosis, as well as their clinico-demographic
profiles. The data were scored, tabulated, and subjected
to statistical analysis (see Figure 1).

Type of Study, Time Period, and Target Population
This analytic cross-sectional study involved patients who
underwent central dual-energy X-ray absorptiometry

(DXA) scanning at St. Luke’s Medical Center — Global City
from February to July 2025.

Description of Outcome Measures
Assessment of bone mineral densities in the spine and
bilateral hips.

Normal >-1SD
Osteopenia Between -1 and -2.5 SD
Osteoporosis <-258D

<

Severe osteoporosis < -2.5 SD and = 1 fragility fracture/s

Sampling Estimation

In the investigation that was conducted, the researcher
covered patients diagnosed with osteoporosis using a
DXA scan. In the institution where the data were
collected, a monthly census of around 150 patients was
encountered.  Using this sampling technique, the
presumed total number was recruited in this
investigation, which was conducted within the study
duration of February to July 2025. To compute the
sample size, the researcher employed the proportion
sampling technique. The formula is presented below:

B DEFF x N x p(1—p)
YT @)D + p(L-p)
Based on the formula presented above, the researcher
set the design effect for the cluster survey at 1.0 with a
50% anticipated frequency. The confidence level was set
at 95% with a 5% margin of error. Utilizing these values,
only 244 participants were needed for the study. Once
the total number of patients had been collected, the
researcher stopped the data collection.

Statistical Treatment of Data

The researcher utilized Microsoft Excel version 2010 for
the initial encoding of data. After this was completed,
the investigator used the Statistical Package for the
Social Sciences (SPSS) version 23 for Macintosh. The
following statistical analyses were performed: (1)
Frequency, percentage, and distribution were used to
determine the significant association between the clinico
-demographic profiles of patients and the prevalence of
osteoporosis based on the dual-energy X-ray
absorptiometry (DXA) scans performed at St. Luke’s
Medical Center — Global City from February to July 2025, (2)
Chi-square and Fisher’s Exact tests were used to determine the
significant association between the prevalence of osteoporosis
and the clinico-demographic profiles of patients.

Patient Enrolment
FIGURE 1 Study selection (Tnvite and
. . d orient patient)
Schematic Diagram Gesse m
and exclusion
criteria)

Data Recording Statistical
Collection of Data Analysis
(Secure consent and and
answer |:> I::> Interpretation
questy <) of Results
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RESULTS

Clinicodemographic Profile of Patients

Table 1 presents the clinicodemographic profile of 244
patients who underwent dual energy X-ray
absorptiometry (DXA) at the Department of Nuclear
Medicine and Theranostics, St. Luke’s Medical Center —
Global City. The majority of patients were aged 51 to 65
years (63.5%), followed by those aged 66 to 75 years
(23.8%), while only a small proportion were older than
85 years (1.2%). Most of the participants were females
(92.6%), with males comprising only 7.4% of the study
population.

With regard to comorbidities, hypertension (27.9%) and
diabetes mellitus (15.6%) were the most commonly
reported, followed by hyperthyroidism (10.2%) and early
menopause (14.3%). Other less frequent comorbidities
included low testosterone (3.3%), chronic kidney disease
(0.8%), hypercortisolism (0.8%), hyperparathyroidism
(0.4%), and hypogonadism (0.4%).

More than half of the patients reported an adequate
dietary calcium intake (53.7%), while 46.3% had low
calcium intake. In terms of physical activity, moderate
activity (52.5%) was the most common, followed by low
activity (45.1%), and only 2.5% reported high activity
levels. The majority did not consume caffeine (95.5%),
did not smoke (96.7%), and did not drink alcohol (90.2%).
Finally, 11.5% of participants had a family history of
osteoporosis, while 88.5% reported none.

Prevalence of Osteoporosis Based on DXA Results

Table 2 presents the distribution of patients according to
their dual energy X-ray absorptiometry (DXA) results. Out
of the 244 patients assessed, 121 (49.6%) were classified
as having osteoporosis, while 97 (39.8%) were found to
have osteopenia. A smaller proportion, 19 patients
(7.8%), exhibited normal bone mineral density, and only
7 patients (2.9%) were diagnosed with severe
osteoporosis.

Association Between DXA Result and Demographic
Factors

Table 3 shows the relationship between DXA results and
the demographic characteristics of the patients. A
statistically significant association was observed between
age group and DXA result (x> = 25.40, p = 0.013),
indicating that bone mineral density classification varied
across different age categories. In contrast, sex was not
significantly associated with DXA result (x> = 5.61, p =
0.132).

56

Association Between DXA Result and Clinical and
Lifestyle Factors

Table 4 presents the relationship between DXA results
and various clinical and lifestyle factors among the 244
patients included in the study. None of the evaluated
variables showed a statistically significant association
with DXA result, as all corresponding p-values were
greater than 0.05.

Specifically, comorbid conditions such as hypertension (p
= 0.921), diabetes mellitus (p = 0.583), hyperthyroidism
(p = 0.880), and chronic kidney disease (p = 0.562) were
not significantly related to bone density classifications.

Similarly, hormonal and endocrine-related factors,
including hypercortisolism (p = 0.562),
hyperparathyroidism (p = 0.796), hypogonadism
(p = 0.796), low testosterone (p = 0.203), early

menopause (p = 0.745), and thyroid hormone medication
(p =0.624), did not demonstrate significant associations.

Lifestyle factors such as dietary calcium intake (p
0.375), physical activity (p = 0.552), caffeine intake (p =
0.488), smoking (p = 0.817), drinking (p = 0.140), and
family history of osteoporosis (p = 0.434) also showed no
significant associations with DXA outcomes.

DISCUSSION

This  study evaluated the clinicodemographic
characteristics, prevalence, and associated factors of
osteoporosis among adult patients who underwent dual
energy X-ray absorptiometry (DXA) at St. Luke’s Medical
Center — Global City. The results showed that most
patients were middle-aged to older adults,
predominantly female, with common comorbidities such
as hypertension, diabetes mellitus, and hyperthyroidism.
Most participants reported adequate calcium intake and
moderate physical activity, while only a small proportion
had a family history of osteoporosis. These findings are
consistent with established epidemiologic evidence
showing that aging and female sex are the strongest
nonmodifiable risk factors for osteoporosis, as both
contribute significantly to bone mineral density (BMD)
decline and fracture susceptibility [15].

The age distribution of patients revealed that most were
between 51 and 65 years (63.5%), followed by those
aged 66 to 75 years (23.8%). This reflects the
well-documented acceleration of bone loss during the
postmenopausal years as estrogen levels decline [14].
Estrogen helps regulate bone remodeling by suppressing
bone resorption, and its deficiency leads to increased

Phil J Nucl Med 2026; 21(1): 52 - 59



TABLE 1. Clinicodemographic Profile of Patients

(DXA) (n = 244)

with
Osteoporosis Based on Dual Energy X-ray Absorptiometry

Patients  with
Energy X-ray

TABLE 2. Prevalence of
Osteoporosis Based on Dual
Absorptiometry (DXA) (n = 244)

osteoclastic activity and rapid bone loss [15]. The
predominance of female patients (92.6%) also mirrors
global trends, where osteoporosis affects women more
frequently due to hormonal changes associated with
menopause [1,14]. The smaller proportion of male
patients in this study may also reflect underdiagnosis or
under-screening, as osteoporosis in men often remains
unrecognized until a fracture occurs [14].

Hypertension (27.9%), diabetes mellitus (15.6%), and
hyperthyroidism (10.2%) were the most frequent
comorbidities observed. These conditions have
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Variable Category Frequency DXA Result Frequency
(Percentage %) (Percentage %)
36 -50 15 (6.1) Normal Bone Density 19 (7.8)
51-65 155 (63.5) Osteopenia 97 (39.8)
Age Group 66 - 75 58 (23.8) Osteoporosis 121 (49.6)
76 - 85 13 (5.3) Severe Osteoporosis 7 (2.9)
> 86 3(1.2) Total 244
Sex Females 226 (92.6)
Males : 18 (7.4) TABLE 3. Association Between DXA Result and
Hypertension 68 (27.9) Demographic Factors (n = 244)
Diabetes Mellitus 38 (15.6) Variable va & | pvalue
Hyperthyroidism 25 (10.2)
Hypercortisolism 2(0.8) Age Group 25.40 12 | 0.013
Co-morbidities Hyperparathyroidism 1(0.4) Sex 5.61 3 0.132
Hypogonadism 1(0.4)
Low Testosterone 8 (3.3) TABLE 4. Association Between DXA Result and
Early Menopause 35 (14.3) Clinical and Lifestyle Factors (n = 244)
Chronic Kidney Disease 2(0.8) Variable 3 af | pvalue
g:tc?l% Adfg\:ate 111331 (fsg)) Hypertension 049 | 3 0.921
. Diabetes Mellitus 1.95 3 0.583
Physical MO';Z":ate 1112% ((452- 15)) Hyperthyroidism 067 | 3 | 0880
Activity _ . Hypercortisolism 2.05 3 0.562
Satene :I('SQ 1? ((i'_55)) Hyperparathyroidism 1.02 3 0.796
Intake NG 733 (95.5) Hypogonadism 1.02 3 0.796
Yos 8 (3.3) Low Testosterone 4.61 3 0.203
Smoking No 236 (96.7) Early Menopause 1.23 3 0.745
Drinking Yos 24 (9.8) Chronic Kidney Disease| 2.05 3 0.562
Alcohol No 220 (90.2) Dietar-y Calcium Intake 3.1 3 0.375
- . Thyroid Hormone 1.76 3 0.624
Family History of Yes 28 (11.5) Medication
Osteoporosis No 216 (88.5) Physical Activity 493 | 6 | 0552
Caffeine Intake 2.43 3 0.488
Smoking 0.94 3 0.817
Drinking Alcohol 5.48 3 0.140
Family History of 2.74 3 0.434
Osteoporosis

previously been linked to alterations in bone
metabolism and mineral regulation [14]. Diabetes
mellitus has been associated with both impaired bone
formation and increased fracture risk due to oxidative
stress and microvascular changes that impair bone
quality [14]. Similarly, hyperthyroidism increases bone
turnover, leading to cortical bone loss when thyroid
hormone levels are inadequately controlled [14,16].
Despite these known mechanisms, the current study
found no statistically significant association between
these comorbidities and DXA classification. This may be
attributed to the limited number of patients per category
or adequate medical control of their conditions.
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In terms of nutritional and lifestyle habits, 53.7% of
patients reported adequate dietary calcium intake, while
46.3% had low intake. Calcium plays a vital role in
maintaining bone mineralization, and insufficient intake
has been associated with secondary
hyperparathyroidism and increased bone resorption [9].
However, no significant association was found between
calcium intake and DXA results. This suggests that while
dietary calcium is important, it is not the sole
determinant of bone mass. Other factors such as vitamin
D status, genetics, and hormonal influences may have
contributed more prominently to bone density outcomes
[14]. The majority of patients (52.5%) reported moderate
physical activity, which aligns with recommendations
that regular weight-bearing exercise helps preserve bone
strength and reduce fracture risk. Nevertheless, no
significant relationship was found between activity level
and DXA result, which could be related to differences in
exercise type, intensity, or self-reporting accuracy.

The prevalence analysis revealed that 49.6% of patients
had osteoporosis and 39.8% had osteopenia, with only
7.8% having normal bone density. This indicates that
nearly nine in ten patients exhibited reduced bone mass.
The prevalence observed in this study is higher than
global estimates, which report osteoporosis prevalence
of around 22% among postmenopausal women and 6%
among men [4]. The higher proportion may reflect a
referral bias, since patients undergoing DXA are often
those already suspected of having low bone density or at
risk for fractures. Nonetheless, this finding emphasizes
the significant burden of osteoporosis in the Filipino
population and the importance of early detection [5].

Among demographic factors, only age showed a
statistically significant association with DXA result
(p = 0.013). This finding reinforces the established
relationship between aging and bone loss, as bone mass
peaks in early adulthood and declines progressively due
to reduced osteoblastic activity and increased resorption
[15]. In contrast, sex did not exhibit a significant
association with DXA classification, likely because nearly
all participants were female, reducing variability.
Similarly, comorbidities, medication use, calcium intake,
lifestyle behaviors, and family history of osteoporosis did
not demonstrate significant associations. Although
smoking and alcohol use are recognized risk factors for
bone loss, the very low prevalence of these habits in the
sample (3.3% and 9.8%, respectively) likely limited
statistical power [9,14].

The absence of significant associations for most clinical
and lifestyle variables highlights the multifactorial nature
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of osteoporosis. Bone health is determined by complex
interactions among genetic, hormonal, metabolic,
nutritional, and environmental factors [14,15]. In this
study, the lack of significant associations may also be
influenced by unmeasured confounding variables such as
medication use, vitamin D levels, or duration of exposure
to risk factors. Pharmacologic management of chronic
conditions may have also mitigated their impact on bone
metabolism.

CONCLUSION

This study demonstrated that osteoporosis is highly
prevalent among adult patients who underwent dual
energy X-ray absorptiometry (DXA) at St. Luke’s Medical
Center — Global City, with nearly half diagnosed with
osteoporosis and another substantial proportion
exhibiting osteopenia. The findings revealed that the
majority of affected individuals were middle-aged to
older females, reflecting the established demographic
trends in osteoporosis. Among all examined variables,
only age showed a statistically significant association
with DXA results, underscoring the strong influence of
aging on bone mineral density. Other factors such as
comorbidities, dietary calcium intake, physical activity,
caffeine consumption, smoking, drinking, and family
history did not demonstrate significant associations.
These results highlight the need for continued attention
to early detection and prevention of bone density loss,
particularly in postmenopausal women and older adults.

Recommendations

Based on the findings, regular osteoporosis screening
through DXA should be encouraged for women aged 50
years and older, and for men with identifiable risk
factors. Health promotion programs should emphasize
maintaining adequate calcium and vitamin D intake,
engaging in regular weight-bearing exercise, and
minimizing modifiable risk factors such as smoking and
excessive  alcohol consumption. Clinicians are
encouraged to incorporate osteoporosis risk assessment
into routine clinical evaluations, especially for patients
with chronic diseases or those on long-term medications
that may affect bone metabolism. Future research
should include a larger and more diverse population,
account for additional biochemical and hormonal
parameters, and assess the long-term effects of lifestyle
interventions and pharmacologic management on bone
health outcomes.
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ABSTRACT

Background:

Head and neck squamous cell carcinomas (HNSCC) compose the majority of head and neck carcinomas with

8. Fluorodeoxyglucose (18F-FDG) PET/CT serving a vital role in the initial staging, treatment planning, and
monitoring. Its limitations Jmay include accumulation in inflammatory and _benign processes, and variable
physiologic tissue uptake. ®Gallium-Fibroblast Activation Protein Inhibitor (*Ga-FAPI) PET/CT, targeting the
fibroblast activation protein (FAP), a major component of the tumor microenvironment, demonstrates potential
as an alternative due to the lack of physiologic tissue uptake.

Objective:

Th/s systematic review and meta- ana/ySIs evaluates the diagnostic performance of 8Ga-FAPI compared to
8E_FDG PET/CT in head and neck carcinomas.

Methodology:

A comprehensive literature search identified studies comparing ®Ga-FAPI and *®F-FDG PET/CT for primary
tumors, tumor recurrence, nodal and distant metastases in head and neck carcinomas. A total of 12 studies
involving 433 patients met the inclusion criteria. The reference standards were histopathology and radiologic
characteristics. A random-effects model was used for the detection rate, pooled sensitivity, specificity, and
diagnostic odds ratios (DOR).

ResuItS'

Ga FAPI demonstrated higher sensitivity for primary lesion detection (984, 95% Cl: 89-100%) compared to

F_FDG (94%; 95% ClI: 75—100/ ). In detecting lymph node metastases, F FDG PET/CT had h/gher sensitivity
(94%; 95% Cl: 92-96%) than **Ga-FAPI (85%; 95/ Cl: 82-88%), while ®Ga-FAPI showed superior specificity
(94%; 95% Cl: 91—96/ ). For distant metastases, ®*Ga-FAPI exhibited markedly higher sensmwty (98%; 95/ Cl:
93-99%) than *F-FDG (74%; 95% Cl: 65-81%). Staging analysis comparison between ®Ga-FAPI and *®F-FDG
showed ®Ga-FAPI more effectively upstaged primary tumors and detected distant metastatic lesions but
downstaged nodal involvement.

Conclusion:

*8Ga-FAPI PET/CT offers comparable or superior diagnostic performance when compared to BE_FDG PET/CT in
head and neck carcinomas. It has the advantage in delineating primary tumor margins particularly in the
challenging anatomical regions of the head and neck. However, it may underperform in detecting nodal disease
compared to 8F_FDG. Further research is warranted prior to the adoption of *8Ga-FAPI into standard imaging
protocols for HNSCC.

Keywords: Head and neck carcinoma, FAPI, FDG, PET, tumor staging
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INTRODUCTION

BE_Fluorodeoxyglucose (FDG) is the most commonly
utilized radiopharmaceutical in Positron Emission
Tomography (PET). Its mechanism relies on the
preferential glucose metabolism of cancer cells thru
uptake via the GLUT transporters, enabling the
functional assessment of tissues. By combining structural
imaging techniques, such as computed tomography (CT)
or magnetic resonance imaging (MRI), PET/CT or
PET/MRI scans enable simultaneous assessment of both
anatomy and metabolic activity [1].

Some limitations of *®F-FDG PET scans include its non-
specific accumulation in infectious and inflammatory
processes. Furthermore, variable physiologic uptake in
normal tissue, such as in the brain, lymphatics, and the
urinary and gastrointestinal tract, can confound image
interpretation and limit the utility of ®F-FDG in such
regions. Accumulation in a variety of inflammatory or
hyperplastic benign processes, such as thyroid nodules
or adrenal adenomas, are also potential confounders in
malignancy evaluation. Tumors with low metabolic rate,
such as well-differentiated neuroendocrine, prostate,
and renal carcinomas, show minimal FDG uptake thus
there has been an increasing interest in tracers with
alternative mechanisms of uptake such as those that
may bind to specific receptors or proteins on malignant
cells, such as the somatostatin receptor (SSTR) or
prostate-specific membrane antigen (PSMA) [2].

Fibroblast activation protein (FAP) is a transmembrane
glycoprotein found in the tumor microenvironment that
contributes to 90% of the tumor volume in epithelial
carcinomas. Cancer-associated fibroblasts (CAF) promote
tumor growth, invasion, and angiogenesis, and have
been seen to be correlated with tumor aggressiveness
and poor prognostication. With negligible expression of
FAP in normal tissues and over-expression of FAP in
certain malignancies, FAP-targeting ligands, such as
*8Gallium (°®Ga)-Fibroblast Activation Protein Inhibitor
(FAPI), have been of interest for oncologic imaging and
therapy [3].

Head and neck squamous cell carcinomas (HNSCC),
comprise 90% of all head and neck carcinomas and are
derived from the epithelial mucosa of the oral cavity,
larynx, and nasopharyngeal regions, representing the 6th
leading type of cancer worldwide. CT and MRI are the
imaging modalities of choice for identifying and
characterizing primary malignancies and for pre-
operative staging and planning [4] *®F-FDG PET is another

Phil J Nucl Med 2026; 21(1): 62 - 74

important imaging modality, which enables the
detection of occult primary tumor and distant metastatic
disease, and assists in radiotherapy planning. However,
8c_EDG has shown limitations, such as the assessment of
tumor extension due to the complex anatomy and
proximity of the structures in the head and neck, and the
intense physiologic FDG uptake in the brain, salivary
glands, vocal cords and brown fat, which may mask
smaller-sized lesions [5].

This systematic review and meta-analysis aims to
compare the performance of *®F-FDG and *Ga-FAPI PET
in head and neck carcinomas (HNC).

OBJECTIVE

Primary Objective

To compare the detection rate of ®8Ga-FAPI and ®F-FDG
PET/CT in the primary lesions and recurrent lesions of
head and neck carcinomas.

Specific Objectives

e To determine the sensitivity, specificity, and
diagnostic odds ratio (DOR) of ®Ga-FAPI PET/CT for
nodal disease of head and neck carcinomas

e To determine the sensitivity, specificity, and
diagnostic odds ratio (DOR) of '®F-FDG PET/CT for
nodal disease of head and neck carcinomas

e To compare the detection rate of ®Ga-FAPI and
E_FDG PET/CT in primary lesions of the following
subclassifications: (1) Nasopharyngeal, (2) Oral
Squamous, (3) Tonsillar

e To compare the detection rate of ®Ga-FAPI and
8c_EDG PET/CT in the distant metastatic lesions of
head and neck carcinomas

METHODOLOGY

Eligibility Criteria/Criteria for considering studies for

this review

All studies that met the following parameters were

included:

(1) Population: Patients with HNSCC (Oral, Tonsillar,
Nasopharyngeal, Unknown primary origin)

(2) Index Test: ®®Ga-FAPI PET/CT

(3) Comparator/Alternative tests: **F-FDG PET/CT

(4) Reference standard: Histopathologic sampling/
Radiologic imaging (Radiologic characteristics and
follow-up)
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(5) Outcomes
Primary outcome: Detection rate (DR) - Detected
lesions on imaging / total number of lesions
(a) Primary lesion
(b) Recurrent lesions
Secondary outcomes:
Pooled sensitivity, pooled specificity, diagnostic
odds ratio (DOR),
- Nodal metastasis (per lesion).
Detection Rate (DR)
- Distant metastatic disease (per lesion).

(6) Study Design: Systematic Review and Meta-Analysis
Included Articles: All cross-sectional analytical studies
that directly compare ®Ga-FAPI PET/CT with *®F-FDG
PET/CT in patients with HNSCC
Exclusion criteria include the following:

(1) studies with insufficient patient data

(2) studies that did not compare the index and
comparator test

(3) studies with insufficient data to derive outcomes

(4) case studies, case series, review articles,
editorials, and conference proceedings

(5) duplicated papers

(6) studies involving thyroid, lymphoma, or skin
carcinomas. If repetitive studies involving the
same patient pool were done, the more recent
study/larger study would be included

Search methods for identification of studies

A comprehensive search of the following electronic
databases was performed using PUBMED and Google
Scholar. Journals and articles limited to the English
language were extracted. The following keywords were
used: (“PET” OR “POSITRON”) AND (“FDG” OR
“Fluorodeoxyglucose”) AND (“FAPI” OR “FAP” OR
“Fibroblast”) AND (“Head” OR ”Neck” OR “ORAL” OR
“TONSIL” OR “NASOPHARYNX” OR “UNKNOWN” OR
“SQUAMOUS” OR “TONGUE” OR “CHEEK” OR “NASAL”
OR “PALATE”). All studies until August 2024 were
included.

Data Extraction and Management

Three reviewers extracted pertinent data independently,
resolving discrepancies through discussion and achieving
consensus in cases of disagreement. The extracted data
were then used to formulate 2-by-2 contingency tables
to assess test performance.

The extracted data included (1) author's name and year,
(2) study characteristics, country, total sample size, and
analysis, (3) patient characteristics including sample size,
age, gender, and histopathology, (4) technical
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characteristics including time in between scans, scanner
type, tracer injected, scanning protocol, scanner
modality, Standard Uptake Values Maximum (SUVMax),
Metabolic Tumor Volume (MTV) or Functional Tumor
Volume (FTV), Tumor-to-Background Ratio (TBR), (5) true
positive, true negative, false positive, and false negative,
and sensitivity and specificity per lesion, (6) information
regarding primary malignancies, recurrence, nodal
metastasis, and distant metastatic disease, (7) TNM and
AJCC staging .

Assessment of risk of bias in individual studies

Two researchers used the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS - 2) to analyze the
individual study’s bias risk and applicability. The studies
were assessed as having a low, unclear, or high risk of
bias. The RevMan (version 5.3) software was used for
the evaluation. An additional reviewer was engaged to
resolve any potential disagreements .

Synthesis of results / Data synthesis

The data from the included studies were utilized,
considering each study’s relative importance. Analysis
was done using a random-effect statistical model with
the inverse variance method. The 95% confidence
interval values were used. The I-square index was
employed to assess the level of statistical heterogeneity
within the papers included in the analysis. Statistical
heterogeneity was considered significant if the 12 index
exceeded 50%. In case of significant heterogeneity
between studies, subgroup analysis was performed. The
hierarchical summary receiver-operating characteristic
(SROC) model was used to draw SROC curves and
calculate the area under the curve (AUC).

The MetaDiSc 1.4 software was employed to perform
pooled estimates of detection rates, sensitivity and
specificity, positive predictive value, negative predictive
value, positive and negative likelihood ratio, and
diagnostic odds ratio (DOR) .

Risk of bias across studies
Funnel plots were used for assessment of publication
bias .

Additional analyses

Subgroup analyses for primary tumors, lymph nodes, and
distant metastatic disease, were done if with
significant heterogeneity
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RESULTS

Literature Search and Study Selection

The initial literature search identified 210 publications.
After 104 duplicates were removed, 106 studies
remained. Screening based on the abstracts further
decreased the number of available studies to 15. After
full-text review, three studies were excluded due to
incomplete data. Thus, 12 studies were included in the
review to compare the utility of ®*Ga-FAPI and ®*F-FDG
PET/CT in head and neck carcinomas. Figure 1 shows the
PRISMA flow chart summarizing the literature search.

Characteristics of the Included Studies

Table 1 summarizes the characteristics of the 12 studies
included in the systematic review and meta-analysis. The
included studies consisted of 433 participants with 5
main categories of head and neck carcinomas: 3 for
general head and neck squamous; 4 for nasopharyngeal;
2 for oral squamous; 2 for tonsillar carcinomas, and 1 for
unknown primary malignancy. The selected studies were
published from 2020 to 2024 with 8 studies from China,
1 study from Thailand, and 3 studies from Germany.
Eight (8) of the 12 studies were prospective studies,
while the others were analyzed retrospectively. Eight (8)
studies used histopathology or radiologic imaging as the
reference standard, while 4 studies used only
histopathology. Radiologic imaging (CT or MRI) as the
reference standard was defined as typical malignant
features confirmed by multiple-modality imaging or a
significant reduction in size/number after anti-cancer
treatment (chemotherapy, radiotherapy,
immunotherapy, etc.) based on the RECIST criteria.

Three studies assessed both primary staging and tumor
recurrence while 9 studies assessed only primary staging.
Two studies administered [*®Ga]-Ga-DOTA-FAPi-46, while
9 studies used [*Ga]-Ga-DOTA-FAPi-04 as the index
tests. One study did not name the type of ®Ga-FAPI
tracer used. The PET images were semi-quantitatively
analyzed using the SUVy.,, MTV or FTV, and the TBR. The
background regions included the contralateral healthy
tissue or contralateral muscle.

Risk of Bias and Applicability

The risk of bias and applicability for the included studies
was assessed using the QUADAS-2 (see Figures 2 and 3).
The index ®®Ga-FAPI and alternative test '°F-FDG
demonstrated more than 50% unclear risk of bias, as
there was no mention of blinding of the individual test
results. None of the studies were of low quality and the
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overall studies were satisfactory.

Quantitative Analysis (Meta-Analysis)
Based on the Primary Lesion Performance Analysis

The detection rates (Figure 4) of *®Ga-FAPI and “*F-FDG
PET/CT in evaluating the primary lesions for HNC were
0.98 (95%Cl: 0.89 -1.00; I* = 92%) and 0.94 (95%Cl: 0.75 -
1.00; 1> = 96%), respectively. Significant statistical
heterogeneity (I2 = 96%, p < 0.01) was noted between
the two tracers (Appendix A).

Additional subgroup analysis (Appendix B and C) for
detection rates of nasopharyngeal, oral squamous, and
tonsillar carcinomas for *Ga-FAPI and '®fF-FDG PET/CT
were obtained (Table 2).

Based on the Recurrent Disease Performance Analysis

The detection rates (Figure 5) of ®*Ga-FAPI and “*F-FDG
PET/CT in evaluating the recurrence for HNC were 0.73
(95%Cl: 0.59 - 0.85; I = 0%) and 0.73 (95%Cl: 0.59 - 0.85;
I> = 0%), respectively. There was no noted statistical
heterogeneity (1> = 0%, p = 0.83).

Identification of lies via datat and regi

§
-] Records identified from: Records rgmoved before
| = screening:
§ Pubmed (n = 90) Duplicate records removed (n =
= Google Scholar ( n = 120) 104)
o !
=2

Records screened — | Records excluded

(n = 106) (n=91)

Reports sought for retrieval
2 {n=15)
: 1
@

Reports assessed for eligibility

(n=15)

Reports excluded:
Insufficient data (n =3)

Studies included in review
(n=12)

FIGURE 1 PRISMA flow diagram for selecting the
included studies
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TABLE 1. Characteristics of the Included Studies and Patient Population

Author Population Age Sex (M:F) Reference Standard Cancer Type
Promteangtrong et al. ) A (5. Histopathology/ Follow- Head and Neck
T 1 (2021) Thailand [6] 40 Mean: 57 127:13, (21| 5 imaging (CT or MRI) Squamous
Jiang et al.(2022) China Mean: 58 ) . ; Head and Neck
2 [7] 77 (20 - 89) 61:16 (3:1) Histopathology Squamous
3 Wegen et al.(2022) 15 Median: 66 12:3 (4:1) Histopathology/ Follow- Head and Neck
Germany [8] (37 - 82) ' ) up imaging (CT or MRI) Squamous
4 Zheng et al. (2022) 47 52.3+13.8 2:1 Histopathology/ Follow- Nasopharyngeal
5 Qin et al. (2021) China 15 Mean 51.2 £ 1:1 Histopathology Nasopharyngeal
Zhao et al. (2021) China median 50 . Histopathology/ Follow-
6 [11] 45 (25 - 70) 3.5:1 up imaging (MRI) Nasopharyngeal
7 | Ding et al. (2022) China 28 53+ 11 4.6:1 Histopathology/ Follow- Nasopharyngeal
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FIGURE 4 Forest plots of the sensitivity of (A) 68Ga-FAPI and (B) 18F-FDG PET/CT
in the detection of primary HNC lesions.

TABLE 2. Subgroup Analysis Detection Rate of Primary Tumors

FAPI PET/CT
Detection Rates (95% Cl)

FDG PET/CT
Detection Rates(95% CI)

Nasopharyngeal

1.00 (95%Cl: 0.99 -1.00;1°=0%)

0.99 (95%Cl: 0.96 -1.00;1°=0%)

Oral Squamous

1.00 (95%CI: 0.97 - 1.00;1°=0%)

1.00 (95%Cl: 0.97 -1.00;1°=0%)

Tonsillar

0.95 (95%Cl: 0.82 -1.00;1°=0%)

0.76 (95%Cl: 0.09-1.00;1°=92%)
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FIGURE 5 Forest plots of the sensitivity of (A) 68Ga-FAPI and (B) 18F-FDG PET/CT in the
detection of recurrent HNC lesions
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Based on the Lymph Node Performance Analysis

Seven (7) papers compared *®Ga-FAPI and '®F- FDG PET/
CT in assessing the lymph node status to the reference
standard. The per-lesion pooled sensitivity (Figure 6),
specificity (Figure 7), and diagnostic odds ratios
(Appendix D and E) *®Ga-FAPI and “®F-FDG PET/CT in the
assessment of lymph node metastasis were 0.85 (95%
mCl: 0.82 - 0.88; 1 = 84.8%), 0.94 (95%Cl: 0.91 - 0.96;
I> = 92.3%), and 38.18 (95%Cl: 11.61 - 125.54; I* = 67.9%),
and 0.94 (95%Cl: 0.92 - 0.96; 1? = 75.9%); 0.78 (95% ClI:
0.75 - 0.82; 1= 98.0%) and 27.46 (95%Cl: 5.96 - 126.50;
I = 83.1%), respectively (see Table 3).

The relative summary receiver operating characteristics
(SROCS) are shown in Figure 8. The Area under the Curve
and Q* for ®®Ga-FAPI and '®F-FDG PET/CT were 0.9263
and Q*=0.8607 and 0.9079 and Q*=0.8397, respectively.

Based on the Distant Metastatic Disease

The detection rates of *®Ga-FAPI and ‘®F-FDG PET/CT in
evaluating distant metastatic disease for HNC were 0.98
(95%Cl: 0.93 -0.99; I* = 45.5%) and 0.74 (95%Cl: 0.65 -
0.81; I* = 85%), respectively (see Figure 9 and Table 4).

Nine (9) studies with a total of 285 patients, compared
the ®Ga-FAPI and |F-FDG TNM staging as shown in
Table 5. The included studies showed *Ga-FAPI upstaged
47 and downstaged 1 T stage compared to the *F-FDG-
based tumor staging. Thirty-nine (39) of the 47 patients
were nasopharyngeal carcinoma primaries with skull-
base involvement, intracranial extension, or invasion into
the adjacent soft tissue structures that were not evident
on F-FDG PET/CT [7, 9, 10 - 12]. The remaining
patients upstaged were tonsillar carcinoma primaries
[15]. The T stage of 1 patient with nasopharyngeal
carcinoma was underestimated in ®Ga-FAPI when
compared to e FDG PET/CT [12].

Ninety-six (96) out of 285 patients experienced changes
in their N stage, with 76 patients under-staged in the
%8Ga-FAP| based TNM staging and 20 patients upstaged
when compared to BEFDG. 7 patients experienced
changes in their M stages, with 6 patients demonstrating
%Ga-FAPI upstaging for the detection of distant
metastatic disease. In the study by Ding et al., ®*Ga-FAPI
underestimated the M stage of one patient and missed a
pulmonary nodule seen on '®F-FDG PET/CT [7].

Seven (7) studies with a total number of 234 patients,
compared the overall staging based on the American
Joint Committee on Cancer (AJCC) Tumor Staging. 167
(71.1%) of all patients with head and neck carcinomas
had no change in stage for both **Ga-FAPI and **F-FDG.
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®8Ga-FAPI upstaged 37 (15.7%) patients with better
tumoral extent/invasion delineation while 31 (13.2%)
were downstaged due to better nodal evaluation of
'®F-FDG PET/CT.

DISCUSSION

This systematic review and meta-analysis is the first to
quantitatively compare **Ga-FAPI and *®F-FDG PET-CT for
detecting primary, recurrent, nodal, and distant
metastatic lesions for head and neck carcinomas.

Out of the 12 studies with a total of 410 lesions, based
on a per-lesion evaluation of the primary tumor,
®8Ga-FAPI performed better than ®F-FDG in HNC for
detection of the primary lesion, with 0.98 (95%Cl: 0.89 -
1.00) and 0.94 (95%Cl: 0.75 - 1.00), respectively. 3
studies who compared ®®Ga-FAPI and ®F-FDG in
detection of recurrent disease, out of 53 total lesions,
similar sensitivity was seen between %Ga-FAPI and
8F_FDG PET-CT, 0.73 (95%Cl: 0.59 - 0.85) and 0.73 (95%
Cl: 0.59 -0.85), respectively.

Per-lesion nodal analysis, 8Ga-FAPI demonstrated
inferior sensitivity compared to '®F-FDG, with 0.85 (95%
Cl: 0.82 - 0.88) and 0.94 (95%Cl: 0.92 - 0.96), however
®8Ga-FAPI showed superior specificity at 0.94 (95%Cl:
0.92-0.96) and 0.78 (95% Cl: 0.75 - 0.82), respectively.

Per-lesion distant metastatic disease, 8Ga-FAPI
appeared to be more sensitive than 8c_FDG PET/CT, 0.98
(95%Cl: 0.93 - 0.99) and 0.74 (95%Cl: 0.65 - 0.81),
respectively.

The study by Zheng et al., showed a significantly higher
detection rate for soft tissue involvement of the primary
nasopharyngeal tumors. *®Ga-FAPI showed tumor extent
with 100/111 (90.0%) compared to ‘°F-FDG of 91/111
(82.0%). Additionally, °®Ga-FAPI showed a superior
detection for bone invasion in the regions of the corpus
sphenoidal, petrous, and clivus with a total detection
rate of of 207/207 (100%) compared to 177/207 (85.5%)
for **F-FDG [9].

Our study demonstrated that ®Ga-FAPI had a higher
sensitivity in detecting tumor extension into the adjacent
structure. This appears to be more evident in
nasopharyngeal carcinomas as seen by the upstaging
post ®Ga-FAPI PET when compared to e FDG. The
limited physiological uptake of 8Ga-FAPI in brain,
tonsillar regions, and neck tissues results in improved
tumor-to-background ratios, facilitating accurate staging
and evaluation of primary lesions.
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All included studies assessed tumor characteristics,
including SUV,,.x or tumor-to-background ratio (TBR).
The studies by Zhao et al.,, and Gu et al., evaluating
nasopharyngeal and carcinomas of unknown primary,
reported significantly higher %8Ga-FAPI SUVmax Values
compared to "*F-FDG [11, 17]. Of the seven studies that
compared TBR, the studies by Wegen et al., Ji et al., and
Serfling et al., demonstrated significantly higher TBRs for
%8Ga-FAPI[8][15,16].

Furthermore, the studies by Promteangtrong et al., and
Zhao et al., observed significantly larger functional tumor
volumes with ®Ga-FAPI compared to metabolic tumor
volumes with *®F-FDG [6, 11].

For nodal involvement, our study demonstrated that
*Ga-FAPI had lower sensitivity and higher specificity
when compared to ®F-FDG. The studies by Jiang et al.,
and Zheng et al., attributed this observation to false-
positive '®F-FDG uptake in inflammatory lymph nodes
and brown fat [7][9]. Despite the lower sensitivity for
nodal detection, the high specificity of ®®Ga-FAPI enables
a more precise preoperative staging, potentially
minimizing the need for unnecessary nodal dissections
[14].

Our study demonstrated a higher detection rate for
%Ga-FAPI in the use of detecting distant metastatic
disease. Small bone lesions detected by *®Ga-FAPI were
seen with the absence of ®F-FDG uptake in the studies
by Qin et al., and Zhao et al., and suggested that it may
be due to the stroma-specific characteristics of FAPI
towards activated fibroblasts/myofibroblasts in the
bones [10][11].

Rizzo et al., conducted a prior meta-analysis showing a
diagnostic sensitivity of 0.97 (95%Cl: 0.95 - 0.99) for
®Ga-FAPI in the initial evaluation and metastatic
work-up of head and neck carcinomas [18]. Our study
also yielded results consistent with other meta-analyses,
in which they found %8Ga-FAPI to be more sensitive than
BEFDG in the detection of the primary digestive,
abdominal and pelvic, and liver tumors. The increased
sensitivity of %8Ga-FAPI is attributed to its ability to
detect the strong fibrotic response that occurs early in
the growth and invasion of adjacent tumors [19 - 22].

Despite its relatively high sensitivity and specificity,
®Ga-FAPI can yield false-positive results in conditions
such as degenerative osseous lesions, scarring and
wound healing, chronic inflammatory processes in the
head and mouth, and uterine and mammary findings.
Thus, correlation with the patient’s medical and clinical
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history remains essential [22]. However, ®8Ga-FAPI tracer
uptake has been significantly higher in malignancy
compared to benign lesions [11].

Several factors should be considered before the
adoption of *®Ga-FAPI over 18F-FDG PET/CT, such as
availability, cost-effectiveness, and tumor classification.
Close collaboration between the primary physician and
the nuclear medicine specialist is essential to tailor the
choice of radiotracer to the patient's specific needs,
whether for improved delineation of the primary tumor
before radiotherapy or evaluation of possible nodal
metastasis. An additional potential benefit of **Ga-FAPI is
the independence to blood glucose levels and lack of
fasting or dietary preparation.

This meta-analysis has several limitations including
significant heterogeneity across the studies which may
be due to the diverse cancer types, and limited sample
sizes. Seven studies were included to evaluate the
per-lesion nodal specificity. Other studies did not include
the number of true-negative or false-positive cases,
hence the lack of specificity for primary, recurrent, and
distant metastatic lesions. Future research with larger
prospective studies may be included to help define the
role of ®*Ga-FAPI over “*F-FDG

CONCLUSION

The systematic review and meta-analysis has
demonstrated that  %Ga-FAPI PET/CT  provides
comparable or superior diagnostic performance when
compared to 8c_EDG PET/CT in the initial evaluation of
head and neck carcinomas. ®®Ga-FAPI may be used for
more accurate primary tumor extent, staging and the
initial work-up, however, more robust studies are still
recommended before its adoption as a first-line imaging
test.

Disclosure
The authors have no conflict of interest to declare.

Clinical Relevance

This meta-analysis demonstrates comparable
performance of ®®Ga-FAPI to the standard “®F-FDG in the
initial evaluation, staging and monitoring of head and
neck squamous carcinomas. More robust studies are
necessary to fully evaluate its clinical utility and establish
its role as a possible first-line imaging modality. Practical
considerations, such as tracer availability, may ultimately
dictate the most suitable choice in clinical practice.
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TABLE 3. ®®Ga-FAPI vs "®F-FDG in the evaluation of lymph nodes

FAPI PET/CT
Detection Rates (95% Cl)

FDG PET/CT
Detection Rates(95% Cl)

- 0.83)
-1.00}
- 0.07)
- 0.96)
-0.98)
0.30)
1.00}

Sensitivity 0.85 (95%Cl: 0.82 - 0.88) 0.94 (95%CI: 0.92 - 0.96)
Specificity 0.94 (95%CI: 0.91 - 0.96) 0.78 (95% CI: 0.75 - 0.82)
Diagnostic Odds Ratio 38.18 (95%ClI: 11.61 - 125.54) 27.46 (95%Cl: 5.96 -126.50)
Area Under the Curve (AUC) 0.9263 0.9079
Q* 0.8607 0.8397
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TABLE 4. Subgroup Analysis Detection Rate of Primary Tumors

Lesion-Based Analysis

FAPI PET/CT
Sensitivity (95% CI)

FDG PET/CT
Sensitivity (95% CI)

Primary Lesions

0.98 (95%Cl: 0.89 -1.00)

0.94 (95%Cl: 0.75 -1.00)

Recurrent Lesions

0.73 (95%Cl: 0.59 - 0.85)

0.73 (95%Cl: 0.59 - 0.85)

Nodal Lesions

0.85 (95%Cl: 0.82 - 0.88)

0.94 (95%Cl: 0.92 - 0.96)

Distant Metastatic Lesions

0.98 (95%Cl: 0.93 - 0.99)

0.74 (95%Cl: 0.65 - 0.81)

TABLE 5. ®®Ga-FAPI vs *®F-FDG TNM and AJCC staging

TNM Staging

Patients Upstaged

Patients Downstaged

No Change in Staging

with ®Ga-FAPI

with ®®Ga-FAPI

n =285
Tumor 47 (16.4%) 1(0.3%) 237 (83%)
Lymph Nodes 20 (7%) 76 (26%) 189 (66%)
Metastasis 6 (2%) 1(0.4%) 279(97.5%)
AJCC Staging n =234 37(15.7%) 31(13.2%) 167(71.1%)

TABLE 6. Summary of other meta-analysis comparing ®Ga-FAPI and ®F-FDG

Type of Malignancy | FAPI Sensitivity | FAPI Specificity | FDG Sensitivity | FDG Specificity
(95% ClI) (95% ClI) (95% ClI) (95% CI)

Rizzo et al. Head and Neck 0.97% None None None
[18] (0.95-0.99)
Ouyang et Digestive System 0.98 0.81 0.73 0.77
al. [19] (Gastric, Liver, biliary) (0.94 — .00) (0.23 - 1.00) (0.60 — 0.84) (0.52 —0.95),
Liu et al. Abdominal and Pelvic 0.98 None 0.76 None
[20] (Gastric, Liver, (0.95 - 1.00) (0.63 - 0.87)

Pancreatic,

Colorectal)
Gege et al. Peritoneal metastasis 0.99 None 0.27 None
[21] (0.99 - 1.00) (0.11-0.43)
Singh et al. Liver tumors 0.94 0.89 0.56 0.96
[22] (0.90 - 0.96) (0.71-0.97) (0.49 - 0.62) (0.81-0.99)
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C: Subgroup Analysis Detection Rate of ‘*F-FDG in primary tumors.
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ABSTRACT

Background:

With the increasing incidence of papillary thyroid microcarcinoma globally, controversy continues as to its
optimal management. The appropriateness of RAI ablation, specifically in low and intermediate risk patients,

remains to be a topic of debate among clinicians.

Objective:

This study aims to assess the effect of RAIl ablation on the recurrence of PTMC in patients with low to

intermediate risk.

Methodology:

A comprehensive literature search of PubMed, Cochrane library, Medline, Embase, and Google Scholar for
studies comparing the recurrence rate of PTMC between patients treated with surgery followed by RAI vs.
surgery alone was done according to the PRISMA guidelines. The meta-analysis was performed using review
manager (Revman) version 5.4.

Results:

A total of 11 studies, which included 5167 eligible patients, were assessed. Any site recurrence rate for patients
treated with surgery followed by RAI was lower than those treated with surgery alone (3.0% vs. 12.7%,
RR = 0.19, p < 0.00001). Recurrence with structural evidence was also lower in patients treated with RAI

compared to those treated with surgery alone (1.9% vs 4.7%, RR = 0.36, p = 0.0007).

Conclusion:

Radioiodine remnant ablation after surgery decreases cancer recurrence in low to intermediate risk PTMC

patients .

MeSH Keywords: papillary thyroid microcarcinoma, PTMC, thyroid papillary microcarcinoma, papillary
microcarcinoma, radioactive iodine, RAl, radioactive iodine ablation, RRA, iodine-131 therapy, I-131

INTRODUCTION

Thyroid carcinoma is the most common malignancy of
the endocrine system with a global incidence of
approximately 10/100,000 women and 3/100,000 men
per year, with the incidence increasing worldwide in
recent decades. Most of these tumors are papillary
thyroid microcarcinomas (PTMC) [1, 3], a subset of
papillary thyroid carcinomas, which are defined by the
World Health Organization (WHO) as carcinomas < 1 cm
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in the greatest dimension [2]. Prognosis for PTMC
patients is usually excellent, with some studies reporting
5-year survival rates of as high as 95% [4, 5],
locoregional recurrence rates of 2 - 4%, and distant
metastases at 1 - 2% [6 - 8].

At present, several guidelines that suggest optimal
management for PTMC exist, with most recommending
surgery alone as sufficient management. Among these
are the American Thyroid Association (ATA) guideline,
the European Consensus Guideline, the German Society
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of Nuclear Medicine, and the British Thyroid Association
[10 - 13]. For most of these societies, limited surgical
resection without RAI is sufficient in patients without
high-risk features. The recently released Philippine
Interim Clinical Practice Guidelines (CPG) for the
diagnosis and management of well-differentiated thyroid
cancer also does not recommend RAI for ATA low risk,
unifocal or multifocal papillary microcarcinoma without
adverse features. However, in a previous study, a
significant part of low-risk DTC patients, for whom RAl is
not recommended, presented with lymph-nodal
involvement after 1-131 whole body scan [31]. Studies
also report disease recurrence in 4-16% of patients with
many even developing distant metastasis [15 - 18, 20].

An appropriate balance between insufficient treatment
and overtreatment must be found to avoid subjecting
patients to unnecessary risks. Therefore, debates
continue regarding the best treatment for PTMC, and it
remains unclear whether RAI ablation could be beneficial
in low to intermediate risk PTMC patients. While there
have been previous meta-analysis studies done on the
subject, results have been conflicting and to date, none
have compared outcomes specifically in the low to
intermediate risk group. With that in mind, this
meta-analysis was done to determine if RAI remnant
ablation truly has no role in the management of PTMC,
or if it reduces disease recurrence in patients with low to
intermediate risk features.

METHODOLOGY

This meta-analysis was performed in accordance with
preferred reporting items for systematic reviews and
meta-analyses [14]. Institutional review board approval
was not required.

Literature-search strategy

The two reviewers performed an independent electronic
literature search using the following resource databases:
PubMed, Embase, Cochrane library, and Google Scholar.
The latest search was performed on October 1, 2022,
using one or more combinations of the following medical
subject headings (mesh) keywords: “papillary thyroid
microcarcinoma” or “PTMC” or “thyroid papillary
microcarcinoma” or “papillary microcarcinoma” and
“radioactive iodine” or “RAI” or “radioactive iodine
ablation” or “RRA” or “iodine-131 therapy” or “1-131”".
All the study titles from initial search results were then
assessed for relevance before reviewing their respective
abstracts. A review of the full texts was done only on the
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studies which were deemed relevant by the reviewers.
Inclusion and exclusion criteria

Studies which met the following criteria were included in
the meta-analysis: (a): studies that included low risk and
intermediate risk PTMC patients with no evidence of
disease (NED) after initial therapy (total thyroidectomy
or near-total thyroidectomy; (b) studies with RAI therapy
vs. without RAI therapy groups; and (c) studies that
provided data on disease recurrence. Studies were
excluded if (a) full texts in English language were not
available; (b) studies without a control group; (c) studies
that included patients with gross extrathyroidal
extension, distant metastasis, and/or incomplete tumor
resection on initial diagnosis; and (d) lacking any
necessary data .

Data extraction and Outcomes of interest

The two reviewers independently extracted data of
interest from each study and summarized all the
gathered data. The following details were extracted from
each study: study title and reference details (author,
year, and country), characteristics of the study
population (total population size, median age, gender,
extent of surgery, number of subjects treated with and
without RAI), disease characteristics & ATA risk
classification (presence or absence of risk factors), and
outcome data. Efficacy outcomes collected included
disease recurrence between with or without RAIl ablation
after. We defined recurrence as the development of
tumor recurrence on imaging modalities (positive WBS,
positive FDG-PET, positive histologic or cytologic
pathology, including a detectable serum thyroglobulin
level on follow up after an initial period of NED. In cases
of disagreement, the consultant adviser arbitrated.

Quality assessment

Two reviewers independently assessed the included
studies for risk of bias and quality using the modified
Newcastle-Ottawa scale (NOS). The NOS criteria was
comprised of (1) patient selection, (2) comparability of
study groups, and (3) outcome assessment. A total of
nine items were extracted, with each item assigned to a
score of 1. Studies with scores of 5 or higher were
considered to be of good quality.

Statistical analysis

The authors conducted this meta-analysis using review
manager (Revman) version 5.4. Outcome data were
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compared using a relative ratio (RR) with confidence
intervals (Cl) of 95%. A p value of < 0.05 was considered
statistically significant. Statistical heterogeneity between
studies was assessed by visual inspection of their Forest
plots, with quantification using the X2 -test and 12
statistic. Significance was set at p value < 0.1 and 12 >
50% .

RESULTS

Search Results

The initial search yielded a total of 684 studies; 673 of which
were excluded following title or abstract review and full text
review. Eleven (11) studies remained which met all the
inclusion criteria (Table 1), with a corresponding total of 5,167
patients deemed eligible for inclusion in the study. The
PRISMA flow diagram for this meta-analysis is shown in Figure
1.

Study characteristics

All included studies were retrospective cohorts (table 1). The
study populations in the included studies ranged from 121
(RAI, n = 63 (52.1%), and no RAI, n = 58 (47.9%)) to 1932 (RAI, n
= 1648 (85.3%), and no RAIl, n =284 (14.7%)) patients. All but
one study scored NOS ratings of > 7 (considered a high rating),
however all studies were considered to be of good quality.
The quality assessment details can be seen in Table 2. All the
other characteristics of the included studies, as well as
available data on administered activities, are illustrated in
Table 1.

Patient characteristics

A total of 5167 patients were included for analysis. The TT/NTT
+ RAI group included 3706 patients (71.7%) vs 1461 (28.3%) in
the TT/NTT only group. All patients were considered either low
or intermediate risk based on their tumor, node, and
metastasis staging. The median follow-up ranged from 4.4 to
17.2 years.

Summary of the meta-analysis for the disease-recurrence
rate in the overall population

A total of 11 studies performed the disease recurrence rate
after TT/NTT with or without RAI remnant ablation treatment.
Upon pooling the available data for any site recurrence of
5167 patients (Figure 2), the event rate in the surgery with RAI
treated patients was 78 of 3706 (2.1%) and in surgery without
RAI treated patients, it was 130 of 1461 (8.9%). Recurrence
rate in those treated with surgery with RAl was lower than
those treated with surgery alone with a risk ratio (RR) of 0.30.
This was statistically significant (p = 0.03). However, this study
group was heterogenous. An investigation into possible
reasons for the heterogeneity was then done, one of which
was the difference in the median length of follow up. We then
performed a subgroup analysis using studies with median
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follow up of six years or shorter, and found that any site
recurrence rate in patients treated with surgery with RAI was
significantly lower than in those without RAI (3.0% vs. 12.7%,
RR = 0.19, p < 0.00001). Fortunately, no heterogeneity was
found within this subgroup (Figure 3).

Structural disease-recurrence rate in LR-IR PTMC patients

One other possible explanation for the heterogeneity could be
a difference in what the studies recognized as cut-off values
for serum thyroglobulin. This specific data was available in
only a few of the studies that included the biochemical marker
as evidence for recurrence. A meta-analysis between the
structural recurrence (i.e., after exclusion of those with only
biochemical evidence of disease) in those treated with surgery
and RAI vs. those treated with surgery alone was also done
(fig. 4) using 7 out of the 11 included studies. The result
showed that RAI after surgery was able to significantly reduce
structural disease recurrence rate compared to surgery alone
(1.9% vs 4.7%, RR = 0.36, p = 0.0007). No significant
heterogeneity was found for this subgroup as well.

Publication bias

Inverted funnel plots of the recurrence rates PTMC treated
with and without RAI for each comparison group were
produced to determine whether the articles had any
publication bias. Figure 5 indicated publication bias in the
research. This is possibly due to the heterogeneity between

PRISMA 2020 flow diagram
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Phil J Nucl Med 2026; 21(1): 76 - 83



TABLE 1. Summary of characteristics of the included studies

Reference | Country N Mean | Gender | Histo | Mean | MF | mETE | LNM | TT/ | TT/NTT | Adminis- | Median

age M/F logy | tumor | (%) (%) (%) | NTT | with tered RAI | follow
size RAI activity | up (yrs)
(mm) (mCi)

Chow et al. China 203 | 46.8 | 27/176 | PTMC 7 31.0| 20.7 | 246 | 187 136 80, 150 8.4

[17]

Creach et USA 407 | 45.0 | 86/321 | PTMC 7 46.2| NA NA | 51 349 100 5.3

al. [19]

Dominguez Chile 209 | 445 | 21/188 | PTMC | 6.2 |38.8| 17.7 | 16.7 | 209 183 90.4 44

et al. [21]

Hay et al. USA 900 46 | 373/627 | PTMC 7 NA NA NA | 765 96 NA 17.2

[22]

Kim et al. Korea 704 47 73/631 | PTMC 6 32.0| 46.3 | 24.0 | 704 578 100 5.3

(23]

Kim et al. Korea 307 46 32/275 | PTMC 8 32.0| 38.0 |37.0| 173 163 100 54

[24]

Kwon et al. Korea | 1932 | 50 | 243/168 | PTMC 7 331 | 715 | 29.2 (1932 | 1648 80-150 8.3

[25] 9

Mihailovic Serbia | 130 44 22/108 | PTMC NA | 27.3| NA | 346 | 121 63 100 10

et al. [26]

Moon et al. Korea 288 | 46.6 | 26/262 | PTMC | 6.2 |20.5| 309 | 33.7 | 181 114 30 6

[27]

Pelizzo et Italy 403 Na 66/337 | PTMC NA | 14.9| NA 11.7 | 359 260 NA 8.5

Xue et al. China 137 Na 36/101 | PTMC NA | 752| 92.0 | 92.0 | 137 94 30, 100, NA

[29] 150

PTMC: papillary thyroid microcarcinoma,; MF: multifocality; mETE: microscopic extrathyroidal extension; LNM: lymph-node

metastasis; TT: total thyroidectomy; NTT: near total thyroidectomy.

the articles. Fortunately, however, subgroup analyses
performed in the subgroup for any recurrence and the
subgroup for structural recurrence (Figure 6) show no
publication bias.

DISCUSSION

With the increasing incidence of papillary thyroid
microcarcinoma, the debate surrounding its appropriate
management continues with  most  guidelines
recommending against radioiodine remnant ablation.
While some scholars argue that RRA may only expose
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the patient to unnecessary risks without added benefit,
there are still many that believe otherwise, especially in
the Nuclear Medicine field [20, 23-24, 30]. In the
Philippines, where 1-131 whole body scan is not routinely
done post-surgery and where active surveillance is not
always an option due to low resource settings, risk
factors such as distant metastasis in PTMC patients
could go unnoticed and lead to a falsely low staging of
disease. This meta-analysis was performed to determine
whether RAlI remnant ablation reduces disease-
recurrence rate in low-to-intermediate risk PTMC
patients.
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TABLE 2. Methodological quality assessment (risk of bias) of included studies by modified Newcastle—Ottawa scale

References Selection Comparability Outcome Total score
Chow et al. [17 8
7] N—— * o *kk
Creach et al. [19 9
[19] N—— *k *kk
Dominguez et al. [21 8
9 [21] Sekkok * o *kok
Hay et al. [22 8
yetal [22] Sekkok * o *kok
Kim et al. [23 8
[23] N—— * o *kk
Kim et al. [24 8
[24] N * o *kk
Kwon et al. [25 8
[29] Nu——. * Yo ok k
Mihailovic et al. [26 8
[26] Ne——. * Yo ok k
Moon et al. [27 8
[27] Ne——. * Yo ok k
Pelizzo et al. [28 7
[28] ok o * o *kk
Xue et al. [29 6
[29] ok o *k * o
Any site recurrence in Low-Interm ediate Risk PTMC Patients
TTINTT + RAI TTINTT enly Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, R 95% CI M-H, Random, 95% CI
Chow 2003 8 135 7 51 9.8% 043017 113] T
Creach 2012 20 349 20 51 10.3% 0.15[0.08, 0.25] ——
Dominguez 2018 5 183 3 26 9.1% 024[008,093) L —
Hay 2008 14 119 19 346  10.2% 4.00 208, 7.76] —
Kirm HJ 2013 6 578 [ 126 95% 0.22 0,07, 0.66] e
Kim TY 2008 8 163 1 0 719% 049007, 3.59] D
Kwon 2017 3 1648 50 284 95% 001000003
Mihailovic 2013 2 83 12 58 89% 0150.04, 0.66] —
Moaon 2011 3 114 2 67 8.3% 0.88[0.15,5.14] —
Pelizzo 2006 T 260 1 99 1.7% 267[0.33, 21.39] —
Kue 2017 2 G4 g 43 89% 0.10[0.02, 0.45] e
Total (95% CI) 3706 1461 100.0% 0.30 [0.10, 0.80] e
Total events 78 130
Heterogeneity: Tau* = 3.00 Chi = 109 68, df = 10 (P < 0.00001); 1* = 91% U.lI;I1 071 1 1'0 10'0

Test for averal effect: Z2 = 2 15 (P =003)

FIGURE 2 Any disease-recurrence in LR-IR PTMC patients

Recurrence rate in LR-IR patients (Median follow up <6 yrs)

Favours [Surgery + RAI] Favours [Surgery, -RAI]

TT/INTT + RAI TT/INTT only Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Creach 2012 20 349 20 51 523% 0.15[0.08,0.25] =
Dominguez 2018 5 183 3 2% 7.9% 024[0.06,093]
Kim HJ 2013 6 578 6 126 14.8% 0.22[0.07,066) o
Kim TY 2008 8 163 1 10 2.8% 049[0.07,355) el
Moon 2011 3 114 2 67 3.8% 088[0.15,5.14)] e
Xue 2017 2 94 9 43 185% 0.10[0.02,045) _—
Total (95% Cl) 1481 323 100.0% 0.19 [0.13, 0.29] ©
Totd events H 41
Heterogeneity: Chi# =555, df = 5 (P = 0.35),12= 10% b 01 011 1l0 100J

Test for overal effect: Z = 7.72 (P < 0.00001)

Favours [Surgery + RAI] Favours [Surgery, -RAIl]

FIGURE 3 Any disease-recurrence rate in LR-IR PTMC patients (Median follow up < 6 years)
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Structural recurrence in LR-IR PTMC patients

TTINTT + RAI TTINTT only Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chow 2003 B 134 5 51 3.5% 0.30[0.09, 1.09] G i
Dominguez 2018 5 183 3 2% 171% 0.24[0.06,0.93] B om—
Kim HJ 2013 6 578 0 126 2.7% 2.85(0.16, 50.29]
KimTY 2008 8 163 1 10 6.1% 049[0.07,3595) —
Moon 2011 3 114 2 67 8.2% 088[0.15,5.14] —1ll
Pelizzo 2006 1 259 0 9 2.3% 1.15[0.05, 28.09]
Xue 2017 2 94 9 43 401% 0.10[0.02,045] —
Total (95% CI) 1525 422 100.0% 0.36 [0.20, 0.65] B>
Tota events 29 20

2 - S - 2 - 199 F + + 3
Heterogeneity: Chi#=6.78, df = 6 (P =0.34), 1= 12% 0.01 01 | 10 100

Test for overdl effect: Z = 3.40 (P = 0.0007)

Favours [Surgery + RAI] Favours [Surgery, -RAl]

FIGURE 4 Structural recurrence in LR-IR PTMC patients
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FIGURE 5 Funnel plot comparison of recurrence rates in LR-IR PTMC patients
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FIGURE 6 Funnel plot comparison any recurrence and structural recurrence subgroups, respectively.

The results showed that RAl ablation reduces the
recurrence rate in low to intermediate risk patients, with
both biochemical and structural evidence. These results
are similar to two previous meta-analyses, which also
showed reduced recurrence rates in intermediate risk
patients, especially in those presenting with lymph node
metastases, extrathyroidal extension, and multifocality
which are well-known risk factors .

The limitations to this meta-analysis are as follows: first,
all the included studies are retrospective cohorts since

Phil J Nucl Med 2026; 21(1): 76 - 83

very few RCTs on PTMC exist. Some selection bias for
treatment may inevitably arise because in practice, RAI
ablation is more often given to patients with higher risk
stratifications and more aggressive disease. Second, this
meta-analysis did not account for the administered RAI
activity because available data were not sufficient. Third,
because of the small number of studies included, the
reliability of the results may be affected. Lastly, the
studies included were performed in different centers in
different countries which may have resulted in the
heterogeneity of the results.
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CONCLUSION

Based on the results of this meta-analysis, we conclude
that radioactive iodine ablation significantly reduces the
recurrence of PTMC in low to intermediate risk patients
post-surgery. However, large-volume, well-designed
RCTs are still recommended before a definitive
conclusion can be made.
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8F-Fluorocholine (FCH) Positron Emission Tomography/Computed
Tomography (PET/CT) in the Detection of Parathyroid Adenoma: A Case
Series
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ABSTRACT

The emerging use of lgF—ﬂuorochoIine (FCH) PET/CT has demonstrated superior diagnostic performance in the
localization of parathyroid adenoma or hyperplasia attributed to its high spatial resolution, thus high sensitivity,
shorter imaging time, and lower radiation dose.

This case series presented the FCH PET/CT findings in four adult female patients presenting with primary
hyperparathyroidism and with a high clinical suspicion for parathyroid adenoma. The first patient, with
discordant sonographic and scintigraphic results, had a focal increased FCH uptake inferoposterior to the right
thyroid lobe, which aided in the localization of the parathyroid adenoma prior to surgery. Another patient, with
a mediastinal lesion, initially suspected as an ectopic parathyroid adenoma, was later identified as a round to
spindle cell neoplasm, showcasing FCH PET/CT's ability to detect other pathologies. Aside from the detection of
parathyroid adenoma, one patient had a mildly FCH-avid focus in the right breast, highlighting the need for
follow-up in incidental findings. The last patient, with multiglandular disease, had two FCH-positive foci
posterior to the upper poles of both thyroid lobes not identified in parathyroid scintigraphy, confirmed by
histopathology as parathyroid hyperplasia.

Despite its higher cost and limited availability in the Philippines, the study underscores the utility of FCH PET/CT
in the detection and localization of hyperfunctioning parathyroid glands, especially in cases with negative or
inconclusive conventional imaging, albeit its non-specific uptake in benign and malignant conditions requires
careful interpretation of incidental findings.

Keywords: Primary hyperparathyroidism, parathyroid adenoma, parathyroid hyperplasia, parathyroid
scintigraphy, 18F-fluorocholine PET/CT imaging

INTRODUCTION

Primary hyperparathyroidism (PHPT) is a commonly
encountered endocrine disorder, usually due to autonomous
overproduction of parathyroid hormone (PTH) from one or
more parathyroid glands. Solitary parathyroid adenoma
accounts for 80-85% of cases, while approximately 15-20% of
patients harbor multiple hyperfunctioning glands (i.e.,
hyperplasia, double or multiple adenomas), with parathyroid
carcinoma being even rarer [1, 2]. Patients usually present
with asymptomatic hypercalcemia; however, in developing
countries where routine biochemical screening is lacking,
patients may present with signs and symptoms such as bone
pain, fractures, kidney stones, or even renal or neurologic
impairment [3].
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Once PHPT is diagnosed, surgical removal of the
hyperfunctioning parathyroid gland remains the definitive
treatment. Preoperative parathyroid imaging is recommended
for localization of the abnormal parathyroid gland(s), since this
can guide surgeons in performing selective
parathyroidectomy, thus shortening surgery duration,
minimizing damage to surrounding structures and
complications, and even achieving a better cosmetic outcome
[4, 5]. Cervical ultrasound, one of the initial imaging modalities
widely used for localization of parathyroid adenoma, has a
pooled sensitivity of 80% [6]. However, it has less sensitivity
for parathyroid glands that are small, or have an ectopic,
posterior, or intrathyroidal location. It also has limited use for
patients with multiglandular disease and concomitant thyroid
disease [5, 7].
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Another initial imaging modality utilized is parathyroid
scintigraphy, either using a dual-tracer or dual-phase
imaging protocol. PMTe-sestamibi is the most widely
accepted radiopharmaceutical for parathyroid
scintigraphy, which usually accumulates in the
mitochondria. Parathyroid adenomas concentrate the
radiotracer due to the increased number of
mitochondria present in the oxyphil cells [8]. Compared
to cervical ultrasound; it can detect ectopic or
posteriorly located parathyroid adenomas. It has varying
sensitivity of 41% to 96% using the dual-phase protocol,
and 47% to 87% using the dual-tracer technique [7]. This
is influenced by the protocol used, gland pathology (i.e.,
too small for the gamma camera resolution or too few
oxyphil cells), and in multiglandular disease [5]. Addition
of single photon emission computed tomography/
computed tomography (SPECT/CT) improves the
localization of the parathyroid adenoma. Parathyroid
scintigraphy is likewise usually done in combination with
cervical ultrasound to increase the accuracy of localizing
the abnormal gland if with concordant results [7].

Four-dimensional (4D) parathyroid computed
tomography (CT) scan is also being used for preoperative
imaging of patients with primary hyperparathyroidism.
Even though it has shorter imaging time, the
administration of iodinated contrast limits its use
especially in patients with renal impairment, and has the
risk of delivering higher radiation dose to patients.
Likewise, the use of magnetic resonance imaging (MRI)
for parathyroid localization is increasing, but studies
evaluating its role for primary hyperparathyroidism are
limited [5, 9].

The emergence of positron emission tomography/
computed tomography (PET/CT) using "®F-fluorocholine
(FCH) has improved the localization of hyperfunctioning
parathyroid glands, especially in patients with
inconclusive or discordant results in conventional
imaging [5]. In a prospective study in the United States
by Hope et al. (2021), the correct localization rate for the
parathyroid adenoma using FCH PET/CT is 75%, while the
localization rate of parathyroid imaging using
P™Tc-sestamibi increased from 17% to 70% with FCH
PET/CT [10]. This case series delves into the utility of
novel imaging modality 8F_FCH PET/CT scan in accurate
localization of parathyroid adenoma in patients
presenting with primary hyperparathyroidism in the
Philippines.
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OBJECTIVE

General Objective

To describe the PET/CT findings of adult patients with
primary hyperparathyroidism who underwent
8t _fluorocholine PET/CT at St. Luke’s Medical Center -
Quezon City

Specific Objectives

e To describe the outcomes of adult patients with
primary hyperparathyroidism who underwent
¥e_fluorocholine PET/CT in St. Luke’s Medical Center
- Quezon City

e To describe the potential pitfalls of 8t_fluorocholine
PET/CT imaging

METHODOLOGY

This is a case series done at St. Luke’s Medical Center -
Quezon City from January 1, 2024 to September 30,
2024. The database of the PET/CT section was reviewed
for possible inclusion of adult participants aged 18 years
and above presenting with primary hyperparathyroidism
who underwent *®F-fluorocholine PET/CT for detection
and localization of parathyroid adenoma.

Criteria for Participant Selection

Inclusion Criteria

Adult patients aged 18 years and older who present with
primary hyperparathyroidism and have undergone
8E_fluorocholine PET/CT imaging for the detection of
parathyroid adenoma.

Exclusion Criteria
e Patients with prior thyroid surgeries or other
surgeries of the head and neck

e Patients with incomplete or inaccessible medical
records for review

Operational Definitions

e Primary hyperparathyroidism - Diagnosis made by a
specialist (i.e., endocrinologist) in patients with
hypercalcemia and elevated parathyroid hormone
level, either patient is asymptomatic or
symptomatic.

e Positron Emission Tomography (PET) scan - A non-
invasive functional imaging modality in nuclear
medicine which utilizes positron-emitting
radionuclides to produce 3D images of tissues or
organs.
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o Fluorine (**)-fluorocholine (FCH) - A positron
emitter that is imaged using a PET scanner initially
indicated for the evaluation of prostate carcinoma
and also being used today for the preoperative
localization of hyperfunctioning parathyroid glands.

e Standard Uptake Value (SUV) - A semiquantitative
measure of the radiotracer uptake in the area of
interest which takes into consideration the
administered dose, time of injection, and the
patient’s body weight.

e Dual-tracer parathyroid scintigraphy - A nuclear
medicine procedure that uses two
radiopharmaceuticals: 99mTechne‘tium—pertechnetate
(*™Tc-04-) and **"Technetium-sestamibi for the
evaluation of parathyroid adenoma.

e Dual-phase parathyroid scintigraphy - A nuclear
medicine procedure for evaluation of parathyroid
adenoma performed at two time points: early phase
(10-15 minutes post-injection of **™Tc-sestamibi) and
delayed phase (up to 4 hours after tracer
administration)

e Single Photon Emission Computed Tomography and
Computed Tomography (SPECT/CT) - A hybrid
imaging technique being utilized in nuclear medicine
for anatomical localization.

Study Maneuver

The investigators reviewed the medical records of
patients with primary hyperparathyroidism who
underwent "*F-fluorocholine PET/CT imaging in St. Luke’s
Medical Center - Quezon City, Philippines. The data
gathered include the following: age, sex, symptoms at
the time of examination, comorbidities, laboratory tests,
and prior imaging modalities (i.e., ultrasound,
parathyroid scintigraphy), PET/CT findings, and
histopathologic reports if any.

Data Analysis

Descriptive statistics was used to summarize the
patients' demographic characteristics and clinical data.
All data analyses were performed using Microsoft Excel.

Ethical Approval

The study has been approved by the St. Luke's
Institutional Scientific Review Committee (ISRC), and
registered by the Institutional Ethics Review Committee
(IERC). The study, EC Reference No. 25022, has been
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exempted from ethics review.

The study was conducted in accordance with the Good
Clinical Practice (GCP) guidelines and National Ethical
Guidelines for Health and Health-Related Research (NEG
HHRR) [20], and adhered to the principles of the
Declaration of Helsinki [21].

RESULTS

A total of four female patients were included in the
study: two elderly, one middle-aged adult, and one
young adult. All patients presented with hypercalcemia
(mean ionized calcium of 1.74 mmol/L) and
hyperparathyroidism (mean intact parathyroid hormone
level of 353.68 pg/mL). One patient had an existing
thyroid disease.

Case 1l

A 24-year-old female initially presented with abdominal
pain and early satiety, had several laboratory tests and
imaging done to evaluate the possible cause (Table 1).
Due to discordant results of neck ultrasound and
parathyroid scintigraphy, the patient then underwent
8c_fluorocholine (FCH) PET/CT scan to evaluate for
parathyroid adenoma.

The patient underwent parathyroidectomy of the right
inferior parathyroid gland, with the frozen section
revealing enlarged hypercellular parathyroid. The
histopathologic finding along with the decrease in the
intact PTH level from 162.60 pg/mL (pre-incision) to
19.80 pg/mL (10 minutes post-excision) and eventually
to 9.30 pg/mL (20 minutes post-excision) is consistent
with parathyroid adenoma.

Case 2

The patient is an 81-year-old female who has elevated
ionized calcium of 1.33 mmol/L and PTH of 188.90 pg/
mL. Sonographic evaluation of the parathyroid gland
showed no nodule or mass lesion, while dual-phase
parathyroid scintigraphy with SPECT/CT scan showed a
sestamibi-avid focus in the inferior aspect of the right
thyroid lobe, as well as a sestamibi-avid lesion in the
anterior mediastinum (Figure 2). A 4D CT scan of the
parathyroid was also performed for further
characterization of the lesions, and revealed an
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TABLE 1. Summary of Laboratory and Imaging Results of Patient 1

Laboratory / Imaging Tests Results

Urinalysis

Few calcium oxalate stones

lonized calcium

1.48 mmol/L (Normal range: 1.0 - 1.3 mmol/L)

Intact parathyroid hormone (PTH)

233.50 pg/mL (Normal range: 18.5 - 88.0 pg/mL)

Total vitamin D

22.29 ng/mL (Normal range: 30 - 100 ng/mL)

Urine calcium

39.9 mg/dL (Normal range: 2.0 - 17.5 mg/dL)

Serum creatinine

0.52 mg/dL (Normal range: 0.55 - 1.02 mg/dL)

CT stonogram

Two lithiases in the lower pole calyces of the left kidney

Neck ultrasound

Heterogeneous hypoechoic solid nodule below the right thyroid lobe,
which was hypervascular on color Doppler interrogation, to consider

right parathyroid parenchymal disease.

Dual-tracer dual-phase parathyroid
scintigraphy with SPECT/CT

No sestamibi-avid lesion in the neck and chest to suggest the presence
of parathyroid adenoma.

FIGURE 1 Dual-tracer dual-phase parathyroid scintigraphy showed no pertechnetate-avid (A) and no sestamibi-avid
lesion in the initial image 10 minutes after 99mTc-sestamibi administration (B), as well as in the delayed 2-hour (C)
and 4-hour images (D). Axial SPECT-CT image (E) showed a nodular density posterior to the right thyroid lobe with no
corresponding sestamibi uptake (yellow arrow). Sagittal PET (F), CT (G) and fused PET/CT (H) images of the neck
showed an FCH-avid enhancing nodular focus inferoposterior to the right thyroid lobe (white arrow) measuring 0.8 x
0.9 x 1.2 cm and with a standard uptake value (SUV) of 19.7, suggestive of a parathyroid adenoma.

elongated nodule near the inferior pole of the right
thyroid lobe, isodense during the portal venous phase,
exhibiting washout in the delayed phase and becoming
hypodense. It also showed a lobulated soft tissue lesion
with central necrotic area in the middle mediastinum
exhibiting patchy arterial phase enhancement and
progressive enhancement in the venous and delayed
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phases. An FCH PET/CT scan was then performed to
evaluate for any FCH-positive lesions (Figures 3 and 4).

Two months after, the patient underwent percutaneous
needle biopsy of the mediastinal mass with
histopathologic finding of a round to spindle cell
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FIGURE 2 Dual-phase parathyroid scintigraphy showed a sestamibi-avid focus in the inferior third of the right thyroid
lobe (white arrow) in the early phase of imaging 15 minutes post-sestamibi administration (A), which decreased in
intensity on the delayed 4-hour image (C). A persistently sestamibi-avid focus is also seen in the mediastinum
throughout the study (yellow arrow).

FIGURE 3 Coronal PET/CT images showed an FCH-avid (SUV of 16.6) focus in the inferior pole of the right thyroid lobe
at the level of the sternoclavicular joint, between the proximal right common carotid artery and trachea at the level of
the sternoclavicular joint (white arrow), measuring 1.5 x 0.9 x 0.6 cm. This is suggestive of a parathyroid adenoma.

FIGURE 4 Axial PET/CT images of the chest showed an FCH-avid (SUV of 14.1) lobulated soft tissue mass in the middle
mediastinum near the para-aortic region (yellow arrow), measuring 3.0 x 2.9 x 3.5 cm and showing a central region
devoid of tracer uptake, which may be attributed to necrosis. Differentials include ectopic parathyroid tissue, enlarged
lymph node with central necrosis, or another neoplastic process.

neoplasm. Immunohistochemical staining was recom- Case 3

mended for a more definitive diagnosis, but was not

done. A follow-up 4D CT scan of the parathyroid was The patient is a 50-year-old female, non-hypertensive,
done after 6 months, and the lobulated soft tissue mass non-diabetic, with multinodular non-toxic goiter, and a
in the middle mediastinum and nodule in the inferior known case of clear cell renal cell carcinoma who

pole of the right thyroid lobe are relatively stable. The underwent left open radical nephrectomy and 12 cycles
patient is currently asymptomatic. of Pembrolizumab. She came to the PET center

presenting with elevated ionized calcium of 1.42 mmol/L
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and a borderline high PTH of 64.40 pg/mL. Neck
ultrasound only showed bilateral thyroid lobe nodules.
An FCH PET/CT scan was performed to evaluate for
parathyroid adenoma due to the negative ultrasound
result (Figures 5 and 6).

The patient had undergone ultrasound-guided fine
needle aspiration biopsy of the right thyroid lobe nodule
showing atypia of undetermined significance, and the
left thyroid lobe nodule which was suggestive of a benign
follicular nodule. A month later, the patient proceeded
with a parathyroidectomy of the right inferior
parathyroid. The histopathologic features of the excised
parathyroid, which is an enlarged hypercellular
parathyroid, and the concomitant decrease in the PTH
levels from 146.50 pg/mL pre-gland excision to 42.30 pg/
mL 10 minutes post-gland excision, are compatible with
a parathyroid adenoma. Total thyroidectomy was also
performed and showed multifocal papillary thyroid
carcinoma.

Case 4

The patient is an 85-year-old female, known to be
hypertensive, diabetic, and dyslipidemic, presenting with
drowsiness, easy fatigability, and disorientation.
Workups revealed primary hyperparathyroidism, with
high suspicion for a parathyroid adenoma (Table 2). An
FCH PET/CT scan was performed due to negative
sonographic and scintigraphic findings (Figure 7).

The patient underwent parathyroidectomy of the right
and left superior pole nodules showing cellular
parathyroid tissue, with the intraoperative PTH levels
decreasing from 2,505.00 pg/mL to 639.80 pg/mL
following excision of the right parathyroid gland and
441.20 pg/mL following removal of the left parathyroid
gland, compatible with parathyroid hyperplasia.
Postoperatively, normalization of ionized calcium at level
of 1.12 mmol/L was also noted.

Summarized in Table 3 are the imaging and
histopathologic findings of the four included patients in
the study. FCH PET/CT scan localized the
hyperfunctioning parathyroid glands in all patients, three
of them underwent surgical removal.

]

FIGURE 5 Sagittal PET/CT images of the neck and upper chest showed a focal increased FCH uptake inferoposterior to
the right thyroid lobe at the tracheoesophageal groove with SUV of 7.9 (white arrow), suggestive of parathyroid

adenoma.

FIGURE 6 Axial PET/CT images of the chest show an incidental finding of a small mildly FCH-avid focus in the lower
inner quadrant of the right breast, with SUV of 3.7 (yellow arrow).
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TABLE 2. Summary of Laboratory and Imaging Findings of Patient 4

Laboratory / Imaging Tests Results
lonized calcium 2.74 mmol/L (Normal range: 1.09 - 1.30 mmol/L)
Intact parathyroid hormone (PTH) 927.90 pg/mL (Normal range: 18.5 - 88.0 pg/mL)
Serum creatinine 1.03 mg/dL (Normal range: 0.55 - 1.02 mg/dL); EGFR 48.9 mL/min/1.73m?
Neck and thyroid ultrasound Bilateral unenlarged cervical lymph nodes, and Bilateral lobe and isthmic
nodules
Kidney and urinary bladder ultrasound Non-obstructing left nephrolithiasis
Dual-tracer dual-phase parathyroid scin- | Nodule in the inferior pole of the right thyroid lobe with decreased
tigraphy with SPECT/CT pertechnetate uptake and only mild sestamibi uptake (Figure 7A-D)
‘ .. , 4 - .-
Lid d

FIGURE 7 Dual-tracer, dual phase parathyroid scintigraphy showed a focus of decreased tracer uptake in the inferior
third of the right thyroid lobe (black arrow) in the *™Tc-pertechnetate planar image (A). The similar focus has less
sestamibi uptake compared to the rest of the thyroid gland evident in the early phase (B) and delayed phase (C, D)
images. FCH PET/CT scan was done due to negative scintigraphic result and five minutes after tracer administration (E)
showed FCH-avid foci posterior to the upper poles of both thyroid lobes, with an SUV of 31.6 on the right (white
arrow) and 7.6 on the left (yellow arrow). Delayed fused PET/CT image one hour after tracer administration (F)
showed the same FCH-avid foci with a decrease in intensity: SUVright 18.4 (white arrow) and SUVleft 4.0 (yellow
arrow). These lesions measure 1.2 x 1 cm on the right and 0.8 x 0.6 cm on the left, and likely relate to
hyperfunctioning parathyroid glands.

DISCUSSION for Ioc'allzatlon of parathyroid adenc.m"la. Choline is an
essential precursor of the phospholipids necessary for
cell membrane synthesis. The phosphorylation of choline

Recent advancements in the field of nuclear medicine by choline kinase is responsible for its incorporation into
have shifted focus to 18F-fluorocholine PET/CT imaging, the cell membrane. It has been studied that increased
which is now emerging as the preferred diagnostic tool secretion of parathyroid hormone in hyperfunctioning
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parathyroid glands upregulates choline kinase activity,
hence its retention in the cells and subsequent increased
choline uptake in PET/CT [5,10] Hyperfunctioning
parathyroid glands are seen with focal increased tracer
uptake in the neck relative to the background thyroid
parenchyma [5].

In our study, Patient 1 has discordant sonographic and
scintigraphic results. FCH PET/CT scan showed an FCH-
avid focus inferoposterior to the right thyroid lobe,
accurately localizing the parathyroid adenoma,
supported by the surgical outcome and histopathologic
findings. Similarly, in Patient 3 with negative ultrasound,
FCH PET/CT imaging successfully localized the
parathyroid adenoma preoperatively. A recent study by
Nemir et al. (2024) evaluating the utility of the FCH PET/
CT scan reported a detection rate of 92.81%, sensitivity
of 100%, and positive predictive value of 94.74% in cases
of primary hyperparathyroidism where conventional
imaging methods are negative or inconclusive [11].
Moreover, a network meta-analysis by Lee et al. (2021)
encompassing 119 studies and 8,495 patients reported
that the FCH PET/CT scan has superior diagnostic
performance in the localization of hyperfunctioning
parathyroid glands compared to other modalities [12].
One of the factors associated with its superior diagnostic
capability is the high spatial resolution and thus
sensitivity, enabling the localization of small parathyroid
adenomas which are usually missed by traditional
imaging. Other strengths of FCH PET/CT include shorter
acquisition time and lower radiation exposure, which has
an effective dose of 2.0-4.0 millisievert (mSv) compared
to 6.7-8.1 mSv in dual-phase parathyroid scintigraphy,
not taking into account the dose received from CT [5, 9].

In the study of Medas et al, the sensitivity of
PmTc-sestamibi parathyroid scintigraphy for multigland
disease is significantly lower compared to single gland
disease (26.7% versus 92.6%), which may be attributed
to the smaller size of the glands [13]. Although limited
studies have been conducted, FCH PET/CT scan, being
the most sensitive modality, may play a role in the
detection of multigland disease. Sestamibi parathyroid
scintigraphy was done in Patient 4, but failed to identify
a focus of increased radiotracer uptake. The FCH PET/CT
scan revealed two FCH-positive foci posterior to the
upper poles of both thyroid lobes, which were surgically
removed associated with an intraoperative decrease of
PTH level, and the subsequent histopathology confirmed
parathyroid gland hyperplasia. A similar case reported a
patient being evaluated for primary hyperparathyroidism
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with negative cervical ultrasound, neck CT scan, and dual
-tracer dual-phase parathyroid scintigraphy with
SPECT/CT. The FCH PET/CT scan then revealed two foci
of increased uptake, which were successfully excised
evidenced by the normalization of calcium [14].

The biggest drawback of FCH PET/CT imaging is its higher
cost and limited availability, particularly in the
Philippines where, at present, only two institutions offer
the radiotracer and imaging modality. However, a recent
study by van Mossel et al. (2024) comparing the cost-
effectiveness of FCH PET/CT imaging alone and the
current practice of FCH PET/CT imaging after a negative
or inconclusive cervical ultrasound and parathyroid
scintigraphy with SPECT/CT showed similar costs and
long-term health effects for both strategies, and such
strategies can be utilized interchangeably [15].

Another disadvantage of "®F-fluorocholine (FCH), being a
non-specific radiotracer, is the tendency to accumulate
in benign conditions like inflammation or even in
malignant processes since tumor cells have rapid
proliferation supported by the upregulation of choline
kinase activity [16]. In Patient 2, a sestamibi-avid and
FCH-avid mediastinal lesion was seen, initially suspected
to be an ectopic parathyroid adenoma. Histopathology
then revealed a round to spindle cell neoplasm. This is
supported by the retrospective analysis of Cegla et al.,
which revealed that it is not uncommon to detect
another malignancy using FCH PET/CT scan in patients
diagnosed or being evaluated for prostate cancer [17]. In
the study, 6.6% of the patients were suspected to have a
second primary malignancy, of which 29.2% were
confirmed to be malignant.

In addition, a study by Broos et al. (2022) evaluating
incidental findings on FCH PET/CT scan for parathyroid
imaging revealed that 7 out of 10 patients with focal
increased tracer uptake in the breast were found to be
malignant [18]. In Patient 3, a mildly FCH-avid focus was
seen in the right breast; however, no follow-up was done
to determine whether the patient had a dedicated breast
imaging to further characterize the lesion. Attention to
incidental breast lesions on FCH PET/CT scan is
important since it was found that choline accumulation is
strongly correlated with choline kinase overexpression,
which may suggest high tumor activity [19]. These
incidental findings underscore the dual utility and
challenge of FCH PET/CT imaging, as it not only aids in
localizing abnormal parathyroid glands but also
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necessitates attention to potentially significant,
unrelated pathologies.

CONCLUSION

All four cases demonstrated positive findings on
8¢_fluorocholine (FCH) PET/CT scan, with two confirmed
as parathyroid adenomas and one as parathyroid
hyperplasia on histopathology, while the remaining case
was clinically diagnosed as a parathyroid adenoma.
Notably, two of the four cases also exhibited non-
parathyroid FCH-avid lesions.

This highlights the utility of ®F-fluorocholine (FCH)
PET/CT imaging in patients presenting with primary
hyperparathyroidism necessitating precise localization of
parathyroid adenoma and even parathyroid hyperplasia,
particularly those with negative, discordant, or
inconclusive initial imaging tests.

In addition, careful interpretation by nuclear medicine
physicians is necessary due to the non-specific nature of
the radiotracer ‘®F-fluorocholine, accumulating in other
benign or malignant processes. Incidental detection of
malignancy remains a notable concern, underscoring the
importance of thorough follow-up assessments.

Advancements in nuclear medicine, particularly with FCH
PET/CT imaging, have become a valuable tool for
enabling the detection and accurate localization of
hyperfunctioning parathyroid glands due to its superior
spatial resolution and sensitivity, improving surgical
planning and thus better patient outcomes.
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TAKE HOME MESSAGE

F-18 Fluorocholine PET/CT imaging should be
recommended in patients with suspected parathyroid
adenoma, particularly those with inconclusive
conventional imaging results.
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ABSTRACT

We report on a 72-year-old patient with an initial diagnosis of metastatic prostate acinar adenocarcinoma, who
was monitored by means 18F-prostate-specific membrane antigen, positron emission tomography/computed
tomography (18FPSMA PET/CT). Baseline PET/CT revealed nodal and osseous metastases with good response to
android deprivation therapy. Approximately 2 years later, there was a significant progression of primary and
metastatic lesions on 18F-PSMA PET/CT, where further imaging of 18F-Fluorodeoxyglucose (FDG) PET/CT
revealed multiple FDG-avid lesions. The switch of metabolic activity of prostate cancer lesions from
predominantly PSMA-avid to FDG-avid on PET/CT warranted histopathologic evaluation for confirmation of
prostate carcinoma with neuroendocrine dedifferentiation (NED). Biopsy of the prostate and hepatic metastasis
further strengthen the diagnosis of NED that is small cell carcinoma. Interestingly, on further workup using
Ga-68Dotatate PET/CT scan some of the metastatic lesions are nonavid, and hypermetabolic lesions are
significantly more FDG-avid than that of Dotatate. These findings indeed reflect that a more aggressive type of
neuroendocrine dedifferentiation with a poorer outcome and limited treatment options or hyperplasia
attributed to its high spatial resolution, thus high sensitivity, shorter imaging time, and lower radiation dose.

Keywords: Prostate acinar adenocarcinoma, prostate carcinoma with neuroendocrine dedifferentiation,

18F-PSMA PET/CT, 18F-FDG PET/CT, Ga-68Dotatate PET/CT

INTRODUCTION

Prostate cancer is the most commonly diagnosed
malignancy in men globally and the fifth leading cause of
cancer-related deaths [1]. According to the World Health
Organization (WHO), it is the third most common type of
cancer among Filipino men. In 2022, almost 10,000
Filipino men were diagnosed with the disease, with some
developing into an aggressive type called castration-
resistant prostate cancer (CRPC). Some further progress
into the most aggressive form which is neuroendocrine
dedifferentiation (NED), where standard treatments no
longer work and patients succumb to the disease [2].

The human prostate consists of epithelial cells luminal,
basal, and 1% neuroendocrine cells. Prostate cancer
develops through cell growth and proliferation which
strongly rely on the androgen-androgen receptor (AR)
axis. Therefore, prostate cancer is initially treated with
surgical resection, radiotherapy, and androgen
deprivation therapy (ADT). Reports suggest that NED

96

originates from trans-differentiation of adenocarcinoma,
and drives focal neuroendocrine dedifferentiation to
castration-resistant prostate carcinoma (CRPC). These
patients are further treated with next-generation ADTs
(enzalutamide or abiraterone). During the course of
CRPC treatment, 30% develop NED, in which tumor cells
often acquire neuroendocrine features, showing low to
absent AR expression and negative or low PSA levels,
that has very limited therapeutic response [3].

In the most recent classification of the World Health
Organization (WHO), Neuroendocrine prostate
carcinomas are classified as, adenocarcinoma with
Paneth-like cell neurodifferentiation, carcinoid tumor,
large cell neuroendocrine carcinoma, small cell
neuroendocrine carcinoma and usual adenocarcinoma
with neuroendocrine differentiation [4]. Neuroendocrine
differentiation (NED) includes cases of typical acinar or
ductal adenocarcinoma with focal or diffuse neoplastic
neuroendocrine cells detected by immunohistochemical
stains. It may differentiate into an aggressive, high-grade
tumor of Small Cell Neuroendocrine Carcinoma [4].
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The incidence of neuroendocrine prostate carcinoma
increases after hormonal therapy and represents a
challenge both in the radiological and pathological
diagnosis, as well as in the clinical management.
Advancements in imaging techniques with various
radiopharmaceuticals have improved the ability to
detect and characterize prostate cancer. Positron
emission tomography/computed tomography (PET/CT)
may assess treatment efficacy, detecting potential
recurrence and dedifferentiation of prostate carcinoma.

In this report, we present a diagnosed case of prostate
adenocarcinoma, who received androgen deprivation,
targeted therapy, and chemotherapy. His response was
monitored by serial serum PSA level and 18F-PSMA PET/
CT scans, and later on evaluated using Ga-68 Dotatate
PET/CT and 18F-FDG PET/CT for neuroendocrine
dedifferentiation.

OBJECTIVE

This case study aims to discuss the patterns of prostate
carcinoma neuroendocrine dedifferentiation that may be
encountered in PET/CT scans using different
radiopharmaceuticals for early recognition of aggressive
disease.

PROSTATE

CASE DESCRIPTION

A 72-year-old, married, Filipino patient with no known
comorbidity or prior history of hospitalization presented
with sudden onset of dysuria and hematuria prompting
hospital admission. Upon work-up, he was found to have
bladder mass, enlarged prostate, and elevated PSA level
of 127 ng/mL. Otherwise, all other laboratory tests were
unremarkable. Cystoscopy with transurethral resection
of the bladder tumor and prostate biopsy was facilitated,
revealed histopathologic findings of low-grade papillary
urothelial carcinoma and prostatic acinar
adenocarcinoma, Gleason score 8 (4+4) present in 90%
of the tissue. A baseline 18F-PSMA PET/CT scan
identified high PSMA expression of the enlarged prostate
gland with extension to seminal vesicles and urinary
bladder floor. PSMA-avid pelvic and extra pelvic lymph
nodes are present with multiple PSMA-avid osseous
metastases. (Figure 1). Androgen deprivation therapy
(Bicalutamide), GnRHagonist (Triptorelin), and
Denosumab were initiated.

Follow-up after 6 months and 1-year interval, show a
significant decrease in the PSA level with values of 0.28
ng/mL then 2.72 ng/mL. The primary prostate disease
showed metabolic stability with gradual anatomic
improvement in 18F-PSMA PET/CT throughout the
course of therapy. Pelvic and extra pelvic lymph nodes
achieved metabolic resolution, while osseous metastases
demonstrated metabolic regression (Figure 2).
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FIGURE 1 Baseline 18F-PSMA PET/CT performed for staging of known primary prostate carcinoma.
A: Maximum intensity projection. B: Prostate gland axial and sagittal PET/CT. C: Bone lesions axial PET/CT.
D:external iliac nodes (white arrow) and abdominal aortic node (red arrow) axial PET/CT
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A rise in serum PSA level of 15.45 ng/mL is observed on
the 20th month following the ADT, GnRh, and targeted
therapy. 18F-PSMA PET/CT revealed stable PSMA-avid
and enlarged prostate gland, with increased metabolic
activity and the number of osseous metastases (Figure
3). Bicalutamide was shifted to next-generation ADT
(Enzalutamide), while Triptorelin and Denosumab were
continued.

On subsequent follow-up after 6-month treatment of
Enzalutamide together with Triptorelin and Denosumab,
a drop in serum PSA level was observed (PSA: 0.411 ng/
mL). However, on the 18F-PSMA PET scan, there is a
discordant change in the prostate gland, showing a
significant increase in size but decreased PSMA activity.
The osteoblastic metastases are grossly stable with
almost complete resolution of PSMA activity. There is an
interval appearance of non-PSMA avid perivesical and
hepatic lesions (Figure 4).
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The characteristics of low PSMA expression with gross
development of new nodal and hepatic lesions in 18F
PSMA PET scan, in the background of sudden nadir in
PSMA level are suspicious for dedifferentiation or
metasynchronous disease. After a week, an 18FFDG PET/
CT scan was performed and revealed an intensely
hypermetabolic/FDG-avid prostate gland, along with
hypermetabolic perivesical lymph node and hepatic
lesions (Figure 5).

The patient underwent cystoscopy with biopsy of the
prostate and bladder as well as the liver lesions.
Histopathology and immunohistochemistry (diffusely
positive synaptophysin and chromogranin) examination
confirmed neuroendocrine differentiation (i.e. small cell
carcinoma), given a history of androgen deprivation
therapy, a prostatic origin is favored. Bladder wall
histopathology reveals benign urothelial cells leading to
a diagnosis of neuroendocrine prostate dedifferentiation
(Small cell Neuroendocrine Ca).

LYMPH NODES C BONE LESION

FIGURE 2 Serial fused F-18 PSMA PET/CT images captured from baseline to follow up.

A: Prostate gland axial and sagittal PET/CT, gradual size regression in primary prostate malignancy with stable PSMA
uptake B: Complete metabolic response (red arrow) was achieved for a few extra pelvic and pelvic lymph nodes axial
PET/CT C: Bone lesions axial PET/CT. Metabolic resolution was achieved for some osseous metastasis
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FIGURE 3 Comparison of serial fused F-18 PSMA PET/CT images captured during follow-up.
A: Prostate gland axial and sagittal PET/CT, Gross size progression in primary prostate malignancy still with stable
PSMA uptake, B: Bone lesions axial PET/CT with stable and some new of osteoblastic lesion (red arrow)
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In order to explore the possibility of undertaking
Lutetium Dotatate peptide receptor radionuclide therapy
(PRRT), a Ga-68 Dotatate-PET/CT was performed, which
revealed tracer uptake in the prostate gland and hepatic
masses (Krenning 2-3) in which FDG uptake is
significantly more intense than that of the Dotatate
uptake. The perivesical lymph node and pulmonary
nodules are non-Dotatate-avid (Figure 6). Given the
evidence of exclusionary Dotatate-negative lesions and
heterogeneous expression of Dotatate across metastatic
sites, the patient was not submitted to Lutetium
Dotatate PRRT, and chemotherapy with Paclitaxel and
Etoposide was initiated instead.

After six cycles of therapy, the PSA level remains low
(2.67 ng/mL) with PET scan features of disease
progression. 18F-FDG PET/CT revealed new FDG-avid
hilar, perivesical, and pulmonary lesions, there is
persistent high tracer uptake in the preexisting
metastases (Figure 7). Consequently, the therapeutic
regimen was shifted to targeted therapy, Olaparib, a poly
(adenosine diphosphate—ribose) polymerase (PARP)
inhibitor used for treatment-related neuroendocrine
prostate cancer with a BRCA2 mutation.

The patient remains able to do activities of daily living
(ECOG 1), with good compliance in therapeutic
management and follow-ups.

DISCUSSION

Looking back at the serial 18F-PSMA PET/CT images, the
baseline image depicted a hypermetabolic prostate
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gland, pelvic/extra-pelvic lymph nodes, and multiple
osseous lesions, indicative of active metastatic lesions
from prostate adenocarcinoma. It has been recognized
that androgen binds to the androgen receptor (AR), and
activates AR signaling which promotes the development
and proliferation of prostate adenocarcinoma. Androgen
deprivation therapy (ADT) with gonadotropin-releasing
hormone (GnRH) agonists is the mainstay treatment for
advanced-stage prostate cancer treatment. Both drug
classes decrease levels of testosterone. During the
course of these treatments, disease regression was
observed in the patient as evidenced by a drastic
decrease in PSA level and regression/resolution of PSMA
uptake in the identified lesions in PSMA PET/CT. After
approximately 1 % half years of treatment, a rise in
serum PSA is observed, with noted new lesions in PSMA
PET/CT. Bicalutamide was shifted to a newer ADT which
is Enzalutamide, an androgen receptor inhibitor that is
indicated for the treatment of metastatic, castration-
resistant, prostate cancer (mCRPC) that has progressed
despite treatment of first-line therapies. The efficacy of
this medication is demonstrated in many clinical trials,
however, approximately 25 — 35% of exhibit primary
resistance to these agents.

Recognizing recurrence or progression is a complex
challenge in clinical practice and conventional imaging.
After 6 months of treatment with Enzalutamide, the PSA
level decreased, however on PSMA PET/CT scan noted a
significant increase in the size of the prostate gland with
decreased PSMA activity, the appearance of new bone
and hepatic lesions with low to non-PSMA activity are
also evident. With these developments in PET CT findings
and in the background of low PSA level, neuroendocrine
prostate dedifferentiation is considered.

C Hepamiciesions (D BONE LESIO

FIGURE 7 Comparison of fused serial F-18 FDG PET/CT with 7-month intervals after 6 cycles of chemotherapy.
A: Prostate gland axial and sagittal PET/CT, size progression with decrease FDG-uptake in primary prostate malignancy
B: Prominent perivesical lymph node with higher FDG activity (asterisk) axial PET/CT, New FDG-avid right hilar lymph

node (red arrow) C: Increase in sized

D: Stable non-FDG-avid bone lesions axial PET/CT
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hepatic FDG-avid hepatic lesions axial PET/CT
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The utilization of 18F-FDG PET/CT has been employed to
identify dedifferentiation in patients with indolent
prostate cancer subsequent to ADT therapy. The
patient’s 18F FDG PET/CT scan revealed an increased
FDG activity in the prostate gland, lymph nodes, and
hepatic lesions. One mechanism behind this process is
the histologic transformation from adenocarcinoma to a
poorly differentiated neuroendocrine (NE) carcinoma
with absent or low AR expression levels. The induction of
trans-differentiation and lineage plasticity by AR
inhibition leads to the suppression of PSMA, implying
that PSMA-targeted imaging could not effectively
visualize neuroendocrine prostate cancers (NEPCs).
PSMA suppression correlates with GLUT12 suppression
and glucokinase upregulation, which is positively
associated with higher glucose uptake in conventional
18F-FDG PET imaging. These suggest a limited utility of
PSMA-based theragnostic and imaging in the
management of NEPC.

With this progression, prostate and liver biopsy with
immunohistochemical profiling was done and revealed
neuroendocrine differentiation with higher expression of
neuroendocrine markers, such as synaptophysin and
chromogranin, strengthening the diagnosis for prostate
carcinoma with neuroendocrine dedifferentiation of
small cell carcinoma. Treating Prostate carcinoma with
NED remains challenging because of broad therapy
resistance, platinoids combined with etoposide/taxanes
are the most wused and internationally [10].
177Lu-DOTATATE  Peptide Receptor Radionuclide
Therapy (PRRT) is an approved therapy that has shown
reasonable benefit in treatment outcome and
improvement in quality of life of well-differentiated
neuroendocrine tumors. Ga-68 Dotatate PET/CT scan
was done to evaluate efficacy and eligibility for PRRT
therapy. The scan shows Dotatate-avid prostate gland
and hepatic lesions (Krenning score 2-3), which is
significantly more FDG-avid than Dotatate. Some of the
lesions such as perivesicular and periprostatic which are
FDG-avid are non-Dotatate-avid. These represent tumor
heterogeneity that implies the presence of variable
cellular  populations having different genomic
characteristics in different tumor sites of the same
patient. Imaging is important in for determination of
tumor behavior. 18F-fluorodeoxyglucose (FDG) is a
marker of tumor metabolism and uptake increases with
more aggressive tumors, correlates with worse
outcomes, and has been shown to outperform
pathologic grading and less suitable candidates and poor
response for PRRT [11].

Chemotherapeutic such as

agents Etoposide and
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Paclitaxel were initiated. Platinoids combined with
etoposide/taxanes are the most used and internationally
endorsed regimens. However, the prognosis remains
poor9. Despite the novel potential of these drugs, repeat
F-18 FDG PET/CT scans revealed overall disease
progression. Therefore, the identification of tissue
germlines and biomarkers are potentially useful in the
treatment of such disease. The patient was started on
Olaparib, a selective inhibitor, that exploits synthetic
lethality against CRPC after androgen deprivation
therapy (ADT) and expression of neuroendocrine
markers in patients with BRCA mutations. The patient
was to be evaluated using an 18F FDG PET/CT scan after
3 months of treatment, with anticipation of a good
treatment response.

Treatment-induced neuroendocrine differentiation of
mCRPC is associated with a deeply divergent
transcriptional profile with limited treatment options
and poorer survival as compared to classic
adenocarcinoma. Further studies should evaluate the
association with other treatments targeting the
neuroendocrine  component potentially  assisting
clinicians in predicting patient outcomes and optimizing
treatment strategies.

CONCLUSION

PET/CT scans holds fundamental importance in
evaluating prostate carcinoma, for treatment planning
and monitoring of treatment response. 18-F PSMA
PET/CT is a transmembrane cell surface protein that is
overexpressed in 95% of PCa cells. However, application
of this imaging modality requires a comprehensive
knowledge of the various influencing factors that can
affect the diagnostic outcome, such as prostate cancer
dedifferentiation wherein prostatic lesions loses PSMA
activity. 18F-FDG PET/CT emerges as a valuable marker
of tumor metabolism, and uptake increases with more
aggressive tumors such poorly differentiated tumors and
neuroendocrine dedifferentiation. Prostate carcinoma
with neuroendocrine dedifferentiation having divergent
transcriptional profile with limited treatment options,
optimization of treatment strategy must be explored. A
68Ga-DOTATATE PET/CT imaging is used to assess
patient suitability for PRRT, highlighting the presence of
somatostatin receptors (SSTR) to which PRRT selectively
binds. Currently, the best treatment option for Prostate
Ca NED is unclear, and treatment remains challenging
because of broad therapy resistance. Various PET/CT
approaches may help improve clinical management for
recognizing the tumor behavior, monitoring and
potential therapeutic interventions.
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Diagnostic Accuracy of Bone Scintigraphy versus F-18 FDG PET-CT in
Detecting Bone Metastasis among Breast Cancer Patients: A Systematic
Review and Meta-Analysis
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ABSTRACT

Objective:

This systematic review and meta-analysis aimed to compare the diagnostic accuracy of F18-FDG PET-CT and
bone scintigraphy (BS) in the detection of bone metastases among patients with breast cancer.

Methodology:

Electronic databases (PubMed, EMBASE, Medline, and Cochrane Library) were searched for studies published
between 2010 and 2023 comparing both modalities. A random-effects model was used to pool sensitivity,
specificity, diagnostic odds ratios (DOR), and likelihood ratios. Hierarchical Summary Receiver Operating
Characteristic (HSROC) curves were constructed to assess overall test performance.

Results:

F-18 FDG PET-CT demonstrated superior diagnostic performance across all parameters. The pooled sensitivity
and specificity for PET-CT were 93% and 84%, respectively, compared to 89% and 77% for bone scintigraphy.
PET-CT yielded a significantly higher DOR of 66.89 and an AUC of 0.94, while bone scintigraphy yielded a DOR of
26.99 and an AUC of 0.89. The negative likelihood ratio (NLR) for PET-CT was 0.08, indicating a 92% reduction in
the odds of disease following a negative result, whereas bone scintigraphy showed a higher NLR of 0.14.

Conclusion:

F18-FDG PET-CT significantly outperforms bone scintigraphy in detecting skeletal metastases, particularly in
identifying early marrow involvement and lytic lesions. With a superior DOR and a more reliable NLR, F18FDG
PET-CT should be considered the preferred modality for definitive staging and ruling out bone metastases.
However, given the high cost and limited availability of PET/CT in regions like the Philippines, bone scintigraphy
remains a more accessible, albeit less specific, clinical alternative.

Keywords: Breast Cancer, Bone Metastasis, F18-FDG PET-CT Bone Scintigraphy, Meta-analysis

The most common sites of distant metastases include
the bone, liver, lung, and brain. Bone lesions are
frequently seen as a site of metastasis or disease
recurrence in breast cancer, and it significantly affects

INTRODUCTION

Breast cancer is the most common cancer affecting

women worldwide, and second most common global
cancer. It is the fifth cause of cancer deaths and third
most fatal type of cancer among Filipino women with an
incidence rate of 27,163 cases annually [1]. Majority of
the Filipino women are diagnosed at an advanced stage
with a mortality rate of 27 deaths per 100,000 people

[2].
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the prognosis and quality of life of the patient [3]. Bone
metastases are classified as osteolytic, osteoblastic or
mixed, but are predominantly osteolytic, and 15% to
20% of cases have an osteoblastic component [4].

With advances in technology in molecular and hybrid
imaging non-invasive detection and diagnosis of bone
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metastasis becomes more precise and accurate, thereby
improving identification of patients who are in an
advanced stage of the disease. Based on the NCCN
Clinical Practice Guidelines in Oncology (NCCN
Guidelines®), systemic imaging is not recommended or
indicated in stage |, Il or operable Ill breast carcinoma in
the absence of signs and symptoms of advanced disease.
Molecular imaging is recommended in patients with high
suspicion of metastatic disease. Bone scan and F-18 FDG
PET-CT scan is indicated in patients with localized bone
pain or elevated Alkaline phosphatase [5]. Bone
scintigraphy (BS) is commonly used and referred as the
conventional imaging, it detects osseous remodeling and
osteoblastic activities, while advanced imaging like
F-18 FDG PET-CT evaluates glycolytic metabolism of both
bone and visceral metastases in patients with
malignancy (6).

Some Nuclear Medicine departments in the Philippines
offer both bone scintigraphy and F-18 FDG PET-CT, while
most of them only offer the former. Physicians would
then question which is more sensitive and specific, as
well as more economically efficient for financially
challenged patients. Thus, a systematic review and
meta-analysis comparing both methods are important to
further guide physicians in individualizing diagnostic
requests.

OBJECTIVE

This systematic review and meta-analysis aimed to
compare the diagnostic accuracy of F18-FDG PET-CT and
bone scintigraphy (BS) in the detection of bone
metastases among patients with breast cancer.

METHODOLOGY

Search Strategy

Journals evaluating F18-FDG PET-CT and bone
scintigraphy in detecting bone metastases in breast
cancer patients published from 2010 to 2023 are collated
from electronic databases such as PubMed, EMBASE,
Medline and Cochrane Library. Algorithm was based on
the combination of terms: (1) Bone scan OR bone
scintigraphy, (2) PET-CT OR positron emission
tomography, (3) Breast cancer, (4) Bone metastases.
References were screened to determine all the key
information for this study.

Study Selection
Journals considered for this review were screened with
the following eligible criteria: (1) Journals that compare
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bone scan and F-18 FDG PET-CT scan in diagnosing bone
metastases in patient with breast cancer; (2) Journals
should be diagnostic test studies; (3) Journal that
provides the sensitivity, specificity and analytic statistics
of their study; (4) Journal that detects bone metastasis in
breast cancer patients, regardless of treatment regimen.

Data Extraction

Two (2) reviewers extracted the journals independently
and based on their availability in the electronic
resources. Controversies were resolved with discussion
with the third reviewer. For each journal, authors,
country of origin, number of participants, inclusion and
exclusions, study design, and imaging methods (bone
scan and F-18 FDG PET-CT) were recorded.

Quality Assessment

The quality of the included studies was assessed
according to the quality assessment of diagnostic
accuracy studies (QUADAS-2), which includes patient
selection, reference standard, index text and flow of
patients through the study/timing of index tests, and
relevant reference standard.

Statistical Analysis

The study used a random effect model and pooled the
sensitivity and specificity of both diagnostic imaging and
construct hierarchy summary receiver operating
characteristic (HSROC) curves of both F-18 FDG PET-CT
and bone scan to account for the heterogeneity of the
studies. With the following data, likelihood radio,
diagnostic odd ratio (DOR), positive likelihood ratio (PLR),
negative likelihood ratio (NLR) was obtained.

RESULTS

Eligible studies

The electronic search showed 266 journals; 253 were
excluded by reading the abstract, while 13 were read
and 8 were rejected due to lacking some data. Four (4)
journals are recognized to have all the inclusion criteria
with 403 patients are read and enrolled and are listed in
Table 1.

Quality Assessment

The study used QUADAS-2 (Quality Assessment of
Diagnostic Accuracy Studies 2) to evaluate the quality of
six studies based on the four key domains of risk of bias
and applicability. All patients were diagnosed with breast
cancer and were undergoing staging. Nearly all received
both index tests. While biopsy is the gold standard for
diagnosing bone metastases, it is highly invasive, so all
studies confirmed the findings by correlating them with
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TABLE 1 Baseline characteristics for included studies

Author Year Country Age Sample Size
Caglaretal. [10] | 2015 Turkey 27 to 85 years old 150
Balci et al. [11] 2012 Turkey Mean age of 50.6 162

years old
Teke et al. (12) 2015 Turkey | 28 to 81 years old 62
Hahn et al. (14) 2011 | Germany | 35 to 78 years old 29

TABLE 2 Risk of bias and applicability judgements in QUADAS - 2

Studies Patient Selection | Index Test | Reference Standard | Flow and Timing | Applicability
Caglar et al. [10] Low Low Low Low High
Balci et al. [11] Low Low Low Low High
Teke et al. (12) Low Low Low Low High
Hahn et al. (14) Low Low Low Low High
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FIGURE 1 Forest plot of study-specific sensitivity and specificity estimates with pooled diagnostic accuracy
for F18-FDG PET-CT
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FIGURE 2 Forest plot of study-specific sensitivity and specificity estimates with pooled diagnostic accuracy
for Bone Scintigraphy
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FIGURE 3 Hierarchical SROC curve for summary
diagnostic performance of F-18 FDG PET-CT

other conventional imaging methods, including X-rays,
CT scans, and MRIs, with minimal to no dropouts (see
Table 2).

Summary estimates of sensitivity, specificity, DOR, PLR,
NLR

Forest plot

Using the random effects model and as shown in the
forest plot (Figures 1 and 2), the pooled sensitivity
and specificity are noted. The p-values indicate that
the sensitivity and specificity of the pooled studies
support the diagnostic test’s high accuracy which
might be an indication of its reliable performance. The
pooled sensitivity and specificity of F18-FDG PET-CT
were 0.93 [95% CI: 0.90, 0.96; p < 0.01] and 0.84
[95% CI: 0.80, 0.87; p < 0.01], respectively, and on
average the diagnostic test correctly identifies 93% of
true positive cases and 84% true negative cases, with
estimated positive likelihood ratio (PLR = 5.66),
negative test result of 92% (NLR = 0.08) and
diagnostic odds ratio (DOR) of 66.89. The pooled
sensitivity, specificity, PLR, NLR and DOR for bone
scan were 0.89 [95% CI: 0.85, 093; p < 0.01] and 0.77
[95% CI: 0.73, 0.81; p < 0.01], 89%, 77%, 3.87, 0.14,
and 26.99, respectively (see Appendix).

HSROC curve
The HSROC curves provide a comprehensive overview of

the test performance, with an overall area under the
curve (AUC) of 0.94 for F-18 FDG PET-CT scan,
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FIGURE 4 Hierarchical SROC curve for summary
diagnostic performance of Bone Scintigraphy

representing excellent discriminative ability, and 0.89 for
the bone scintigraphy, categorized as good.

DISCUSSION

Staging breast cancer patients is crucial for determining
the most appropriate therapeutic approach and
assessing prognosis. In the Philippines, most women are
diagnosed at an advanced stage of breast cancer [2].
Bone metastases are the most common site of spread,
occurring in approximately 70% of advanced cases [7].
Non-invasive detection of bone metastases is typically
achieved through imaging studies. Bone scintigraphy, the
conventional imaging method, is widely used to detect
osseous remodeling and osteoblastic activity. However,
it has limitations, particularly in identifying osteolytic
lesions unless bone marrow involvement is already
present. In contrast, hybrid imaging techniques such as
F-18 FDG PET-CT, which combines anatomical and
metabolic imaging, may offer significant advantages in
detecting bone metastases [8].

In this meta-analysis, we investigated the diagnostic
performance of F-18 FDG PET-CT and bone scintigraphy
in detecting bone metastasis in breast cancer patients.
Pooled data indicated that F-18 FDG PET-CT
demonstrates superior sensitivity, specificity, and overall
accuracy compared to bone scintigraphy. While both
modalities reflect high overall test accuracy, the F-18
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(DOR) of 66.89 and an AUC of 0.94, compared to the
bone scintigraphy’s DOR of 26.99 and AUC of 0.89. This
nearly 2.5-fold difference in the DOR underscores that
PET-CT is a more robust discriminatory tool, capable of
maintaining higher precision between true positive and
false positive results.

The clinical utility of these findings is further highlighted
by the likelihood ratios. The pooled data for F-18 FDG
PET-CT vyielded an estimated positive likelihood ratio
(PLR) of 5.66, suggesting that a positive result
significantly increases the post-test probability of
metastatic disease. Furthermore, its negative likelihood
ratio (NLR) of 0.08 indicates that a negative test result
reduces the odds of the disease by approximately 92%,
demonstrating excellent utility in ruling out bone
involvement. In contrast, bone scintigraphy yielded an
estimated PLR of 3.87 and an NLR of 0.14. This higher
NLR suggests that bone scintigraphy is less effective at
excluding disease; consequently, while both are useful, a
negative PET-CT result carries more diagnostic weight as
a standalone guide for ruling out bone metastases in
breast cancer patients.

The superior sensitivity of F-18 FDG PET-CT is
fundamentally rooted in its ability to detect early
marrow involvement and lytic lesions [9]. Because bone
metastases originate in the bone marrow, F-18 FDG
PET-CT can identify malignant cells via their high
glycolytic activity while they are still confined to the
medullary space [7]. In contrast, bone scintigraphy relies
on the bone remodeling process, which can lead to an
"osteoblastic lag" where the scan remains negative if
bone destruction outpaces formation or if the
remodeling response is delayed or absent [10].

The findings suggest that bone scintigraphy is less
consistent across different patient populations, as
evidenced by its higher NLR and the variability in pooled
specificity across the included studies. Factors such as
degenerative changes or healing fractures may
contribute to this inconsistency, potentially confounding
the results [6]. While both modalities remain clinically
valuable in the management of breast cancer [5], F-18
FDG PET-CT offers a more definitive diagnostic profile. Its
superior ability to detect early-stage metastasis and its
higher reliability in ruling out the disease make it the
more effective modality for the staging and management
of bone metastasis compared to traditional bone
scintigraphy [11].

Due to the limited availability of molecular imaging in
108

the Philippines as of 2024, bone scintigraphy is more
accessible and significantly more affordable compared to
F-18 FDG PET-CT scans. In Manila, the cost of a bone
scintigraphy ranges from PHP 3,599 to PHP 10,913,
whereas a whole-body F-18 FDG PET-CT scan (plain)
costs between PHP 43,000 and PHP 72,896. Although the
PET-CT scan offers higher sensitivity and specificity, it is
not commonly offered to Filipino patients due to its
availability and cost.

CONCLUSION

F-18 FDG PET-CT outperforms bone scintigraphy in
detecting bone metastases in breast cancer patients and
should be considered the preferred imaging method for
detection of bone metastases. By providing accurate
staging, PET-CT enables timely treatment, which
enhances prognosis and ultimately reduces overall
treatment costs.

As a recommendation, a randomized controlled trial
(RCT) could be conducted to evaluate the effectiveness
of F-18 FDG PET-CT imaging compared to bone
scintigraphy in detecting bone metastasis. Additionally,
the trial could also assess the clinical value of F-18 FDG
PET-CT as both a diagnostic tool and a treatment method
for specific diseases. We should also highlight the
availability of F-18 FDG PET-CT in the Philippines,
considering that several PET-CT centers are being
established with varying price ranges, although most are
still situated in the national capital region.
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APPENDIX : Study-specific estimates and the overall pooled performance for F-18 FDG PET-CT versus Bone Scan.

Summary of values for F-18 FDG PET-CT

TP FN |IN | FP

Sensitivity (95% CI)

Specificity (95% CI)

Caglar etal. | 60 9 51 0

0.87 (0.79-0.95)

1.00 (0.93-1.00)

Balcietal. |47 |0 |2 49 1 1.00(0.92-1.00) 0.04 (0.01-0.14)
Tekeetal | 141 |10 |343 |2 |0.93(0.89-0.97) 0.99 (0.98-1.00)
Hahnetal. |28 |2 |1 27 1 0.93 (0.84-1.00) 0.04 (0.00-0.20)
Pooled 0.93(0.90-0.96) 0.84(0.80-0.87)

Summary of values for Bone Scan

TP |EN | IN | FP | Sensitivity (95% CI) | Specificity (95% CI)
— 5

glagk“ 7T 12 2 10,90 (0.83-0.96) 0.97 (0.92-1.00)

Balcietal |40 |0 |9 |49 |1.00(0.91-1.00) 0.16 (0.07-0.28)

Teke etal | 127 |23 | 310 |36 | 0.85(0.79-0.91) 0.90 (0.86-0.93)

Hahnetal |22 |1 |7 |28 |0.96(0.87-1.00) 0.20 (0.08-0.37)

Pooled 0.89 (0.85-0.93) 0.77 (0.73-0.81)
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ABSTRACT

Background:

Gorham-Stout disease is a rare idiopathic disorder characterized by progressive osteolysis and replacement of
normal bone with vascular or lymphatic tissue. Mandibular involvement is uncommon and may pose a
diagnostic challenge because of its nonspecific clinical presentation. Bone scintigraphy has been described as a
useful adjunct in the evaluation of disease extent and activity.

Case Presentation:

A 19-year-old female presented with a five-year history of a gradually enlarging, painless submental mass. Neck
ultrasound demonstrated a large complex cystic lesion in the sublingual and submandibular regions, while
computed tomography revealed a lobulated hypodense mass associated with lytic destruction of the mandible.
Whole-body Tc-99m MDP bone scintigraphy demonstrated absent radiotracer uptake in the body and angle of
the mandible, with increased uptake corresponding to the anterior neck mass. SPECT/CT confirmed extensive
mandibular osteolysis. The patient subsequently underwent radiotherapy followed by surgical excision of the
submandibular mass. Histopathologic examination demonstrated vascular channels with lymphoid follicles,
consistent with angiolymphangioma, supporting the diagnosis of Gorham-Stout disease.

Conclusion:

Gorham-Stout disease should be considered in the differential diagnosis of progressive mandibular osteolysis.
Bone scintigraphy, despite its limitations, remains valuable in the diagnosis and management of the disease. It
can aid in assessing the extent of the disease, monitoring its progression, evaluating treatment response, and
distinguishing the disease from other pathologies. Correlation of clinical findings, multimodality imaging, and

histopathologic examination remains essential for accurate diagnosis and management.

Keywords: Gorham-Stout disease, bone scintigraphy, mandibular osteolysis

INTRODUCTION

Gorham-Stout disease is a rare condition characterized
by spontaneous and progressive bone resorption. It
involves idiopathic osteolysis that may extend beyond
joint borders and is often linked to benign vascular or
lymphatic proliferation, leading to the destruction of the
bone matrix [1 - 4].

The first documented case of Gorham-Stout disease
dates back to 1838, when Jackson described an adult
male experiencing complete humeral bone resorption
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over an 11-year period [5]. More than a century later, in
1955, Gorham and Stout formally characterized the
condition as a syndrome after reviewing 24 previously
reported cases [4, 6].

Gorham-Stout disease presents with a wide range of
clinical manifestations depending on the site of
involvement, and diagnosis may take months to years. In
some instances, the condition manifests acutely, often
with debilitating pain, and initial symptoms may include
spontaneous fractures. In other cases, it follows a more
insidious course, marked by progressive muscle
weakness [2].
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This disease can involve various bones, though it is most
commonly localized to the maxillofacial region, upper
limbs, cranium, shoulder, and pelvis [2,3]. Romer first
reported a case of jaw involvement in 1924, while
Thoma documented complete mandibular lysis in 1933
[4].

We present a case of a 19-year-old female who
developed massive osteolysis of the mandible with an
associated submandibular mass. Bone scintigraphy was
performed to aid in diagnosis. The patient subsequently
received radiotherapy and surgical treatment.

CASE PRESENTATION

A 19-year-old female presented with a five-year history
of a gradually enlarging soft, movable, non-tender
submental mass. The patient reported no other
symptoms suggestive of thyroid or malignant diseases,
such as sudden weight loss, fever, weakness,
palpitations, tremors, insomnia, menstrual irregularities,
heat/cold intolerance, or changes in bowel movement.
Concern over its progressive growth prompted the
patient to seek medical evaluation.
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FIGURE 1 (A) Anterior and (B) posterior images of
Tc-99m MDP whole body bone scintigraphy. Absent
tracer uptake was noted in the body and angle of the
mandible for Bone Scintigraphy.
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A neck ultrasound showed a large, well-defined complex
cystic mass located in the sublingual and submandibular
regions. A CT scan revealed a lobulated, non-enhancing
hypodense mass extending from the submandibular to
the submental regions, with associated mandibular lytic
changes. The mass measured 6.1 x 8.2 x 5.1 cm and
contained multiple punctate calcifications. Vascular
structures within the mass appeared to originate from
both inferior thyroid arteries.

Whole body bone scintigraphy was performed, revealing
absent Tc-99m MDP uptake in the body and angle of the
mandible. Increased tracer uptake was observed in the
anterior neck region, corresponding with the known
mass (Figures 1 and 2). The scintigraphic images were
interpreted by a board-certified nuclear medicine
physician.

The patient underwent radiotherapy to manage the
progression of the osteolytic process, followed by
excision of the submandibular mass. Histopathologic
examination showed vascular channels with lymphoid
follicles, consistent with angiolymphangioma.

FIGURE 2 Fused SPECT-CT (A) and SPECT (B) images of the
head and neck (sagittal view). Absent tracer uptake was
noted in the mandibular area. Bone resorption with lytic
changes
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DISCUSSION

Gorham-Stout disease, also known as disappearing bone
disease, massive osteolysis, or vanishing bone disease, is
a rare idiopathic condition marked by extensive bone
loss. To date, approximately 200 cases have been
documented in literature, highlighting the rarity of this

condition [2,7].

It was first described by Jackson in 1838 when he
documented a case of complete humeral bone
resorption over an 1l-year period. Later, in 1955,
Gorham and Stout reviewed previously reported cases
and formally defined the condition as a syndrome
[2,5,7,8].

The disease is characterized by the replacement of
normal bone with aggressively expanding non-neoplastic
vascular  tissue, resembling  hemangiomas or
lymphangiomas. Its primary lesions include osteolysis
and lymphatic tissue proliferation without malignancy. It
is nonexpansile but locally aggressive, often leading to
bone resorption. In some cases, the vascular lesion may
spread into surrounding soft tissue and adjacent bones
[4,7,9].

The exact etiology and pathophysiology of Gorham-Stout
disease remain unknown. Gorham and Stout associated
the condition with angiomatosis of blood and lymph
vessels, proposing hyperemia, local pH alterations, and
mechanical forces as potential factors for bone
absorption while excluding osteoclast involvement. In
contrast, some studies have suggested a role for
osteoclasts [2,7]. Increased osteoclast activity has been
linked to elevated interleukin-6 levels, as suggested by
Devlin et al., while Moller et al. and Hirayama et al.
proposed an enhanced sensitivity of osteoclast
precursors to humoral factors that drive bone resorption
[10-12]. It has also been suggested that it may originate
from a silent hamartoma that becomes active and
initiates bone resorption following minor trauma [13].
Despite these theories, the mechanisms behind Gorham-
Stout disease remain unclear.

Gorham-Stout disease is diagnosed primarily through
exclusion, requiring the elimination of other common
causes of osteolysis, such as infections, cancers (primary
or metastatic), and endocrine or inflammatory diseases.
The diagnosis is confirmed through biopsy, which serves
as the gold standard. Histopathology reveals no evidence
of malignant, neuropathic, or infectious components but
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identifies the presence of lymphovascular malformations
within the affected bone, a hallmark feature that
distinguishes it from other conditions [2,7].

In this case report, the histopathologic examination of
the excised mass revealed vascular channels with
lymphoid follicles, which is consistent with the histologic
findings described in literature for Gorham-Stout disease
[2,7].

Imaging studies such as x-ray, CT, MRI, and bone
scintigraphy have been used in the evaluation of Gorham
-Stout disease [14]. Bone scintigraphy, in particular, is a
highly sensitive nuclear medicine imaging technique
commonly used to evaluate active bone formation
associated with malignant or benign diseases [15].
However, in Gorham-Stout disease, bone scintigraphy is
utilized differently. Unlike its typical use in conditions
such as bone metastases, where active bone remodeling
or formation is assessed, bone scintigraphy in Gorham-
Stout disease primarily evaluates the osteolytic nature of
the condition [16,17].

In the early stages of the disease, bone scintigraphy
typically shows increased radiotracer uptake in areas of
active osteolysis. This uptake is thought to result from
increased vascular proliferation and bone surface
activity. As the disease progresses and bone resorption
becomes complete, the affected areas show an absence
of radiotracer uptake due to the lack of bone matrix
[14,17]. This biphasic pattern aligns with the two stages
of the disease: an initial phase characterized by vascular
proliferation and active osteolysis, and a later phase in
which fibrous tissue replaces the resorbed bone without
regeneration [9,16,18].

In the present case report, bone scintigraphy was
performed in the Ilatter stage of the disease,
demonstrating absent radiotracer uptake in the affected
region, consistent with advanced bone resorption.

In some cases, multifocal, noncontiguous osteolysis has
also been observed in patients with Gorham-Stout
disease [19,20], and whole body bone scintigraphy may
be a valuable tool in evaluating these multifocal lesions.
In one reported case, bone scintigraphy was utilized to
monitor disease progression and evaluate the response
to treatment after one year of pamidronate therapy [16].
Furthermore, the absence of radiotracer uptake in the
resorbed sites distinguishes the disease from other
pathologies, such as primary bone tumors,
metastases,or osteomyelitis [9,16,18].
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Due to the rarity of this pathological condition, there is

no established standard treatment. Proposed
approaches include medical treatment such as
bisphosphonates or interferon a-2b, surgical
intervention, radiotherapy, and/or combinations of

these methods [2,7,21-23]. However, the management
generally focuses on radiation therapy to control large,
painful lesions and surgical intervention to address
pathological progression that could result in significant
functional limitations. Surgical options include resection
of the affected segment, reconstruction with bone grafts,
or the use of prostheses [14,24]. Three phase bone
scintigraphy may be done to assess the viability of the
grafts [25]. However, the osteolytic nature of the disease
compromises the structural integrity and long-term
effectiveness of reconstruction, as bone grafts undergo
resorption within weeks after grafting [14,24].

CONCLUSION

Gorham-Stout disease is a rare condition characterized
by progressive osteolysis and replacement of bone with
vascular fibrous connective tissue. Its etiology and
pathogenesis remain unclear.

Bone scintigraphy, despite its limitations, remains
valuable in the diagnosis and management of the
disease. It can aid in assessing the extent of the disease,
monitoring its progression, evaluating treatment
response, and distinguishing the disease from other
pathologies.

While no definitive therapy has been established, most
patients are treated with radiotherapy and surgical
procedures. Given its unpredictable clinical course and
lack of established therapies, early detection through
clinical suspicion, diagnostic imaging, and confirmation
with histopathological examination are essential.
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