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Complete and Sustained Response After Peptide Receptor Radionuclide
Therapy in a 66-Year-Old Filipino Male with Metastatic Pancreatic

Neuroendocrine Tumor: A Case Report
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Irene S. Bandong, MD

Department of Nuclear Medicine and Theranostics, St. Luke’s Medical Center, Quezon City
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ABSTRACT

The introduction of peptide receptor radionuclide therapy (PRRT) to the Philippines has allowed for novel
approaches in the management of neuroendocrine tumors (NETs). This case report details the management of a
66-year-old Filipino man diagnosed with metastatic pancreatic NET after biopsy and staging with Ga-68
DOTATATE PET-CT. After poor response to somatostatin analogue therapy, the patient was advised to undergo
PRRT. Upon completing four cycles of PRRT with Lu-177 DOTATATE, the metastatic hepatic lesions showed
resolution and the pancreatic tail tumor exhibited regression, allowing the patient to undergo surgical resection
of the primary tumor. On follow-up, he was declared to be in remission with good quality of life and no imaging
evidence of recurrence. The case underscores the diagnostic and therapeutic utility of radiolabeled
somatostatin analogues along with the importance of a multidisciplinary approach in the management of an

initially unresectable metastatic pancreatic NET

peptide receptor radionuclide
Ga-68 DOTATATE, Lu-177 DOTATATE

Keywords:

INTRODUCTION

The emergence of novel radiopharmaceuticals for
theranostics has launched countless possibilities in the
management of various malignancies. Although several
radionuclides and biomolecules are presently being
studied for the targeted delivery of radiation to tumors
of diverse pathologies, the burgeoning era of
theranostics has primarily been led by peptide receptor
radionuclide therapy (PRRT) for neuroendocrine tumors
(NETs), closely trailed by prostate-specific membrane
antigen radioligand therapy for metastatic castrate-
resistant prostate carcinoma [1].

By exploiting the molecular biology of NETs that
overexpress somatostatin receptors (SSTR), PRRT
selectively delivers therapeutic doses of radiation to
target neuroendocrine tissues using radionuclides, such
as Yttrium-90 (Y-90) or Lutetium-177 (Lu-177), attached
to somatostatin analogues.[2] Decades of research and
development have contributed to the vast literature
supporting the use of radiolabeled somatostatin
analogues for therapy. From the initial studies using
8

therapy,

metastatic pancreatic neuroendocrine tumor,

lodine-123 Tyr3-octreotide (TOCT) in 1987 to the advent
of Indium-111 pentetreotide along with Y-90 and Lu-177
tetraazacyclododecanetetraacetic acid (DOTA)-Tyr3-
octreotide (DOTATOC) in the 1990s to the first clinical
application of Lu-177 DOTA-Tyr3- octreotate (DOTATATE)
in 2000,[3] PRRT has undergone significant growth in the
preceding decades. This growing bulk of clinical evidence
eventually culminated in the NETTER-1 trial, which
demonstrated the efficacy of adding PRRT to
somatostatin analogue therapy for
gastroenteropancreatic (GEP) NETs with a markedly
higher response rate and progression-free survival at 20
months compared to somatostatin analogue therapy
alone [4]. This was eventually followed by the US FDA
approval of Lu-177 DOTATATE (Lutathera) [5] and its
integration into the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines in Oncology
in 2022 as a front-line treatment option for metastatic
GEP NETs alongside somatostatin analogue therapy,
immunotherapy, cytotoxic chemotherapy, and other
local therapies directed to the liver and/or bones [6].

Although much of the existing literature has come from
high volume centers in Europe and Oceania, theranostics

Phil J Nucl Med 2023; 18(2): 8 - 13



has slowly found its foothold in developing countries in
recent years. Case reports detailing local experience with
PRRT have shown its utility in eliciting response and
establishing disease control in various NETs.[7,8] The
following case report will delve into the use of PRRT as a
neoadjuvant treatment for metastatic pancreatic NET in
a tertiary referral institution in the Philippines. The
objective of the study is to underscore the growing role
of PRRT and SSTR positron emission tomography (PET) -
computed tomography (CT) in the management of NETs
in the Philippine setting.

CASE REPORT

A 66-year-old Filipino man initially presenting with
diarrhea underwent work-up with ultrasound and MRI,
which revealed a 2.5 x 3.8 cm mass at the pancreatic tail.
Fine needle aspiration biopsy of the aforementioned
mass revealed cytomorphologic findings suggestive of a
low-grade neoplasm. Immunohistochemical testing
showed that the samples were positive for
synaptophysin and chromogranin, but negative for
anti-trypsin and carbohydrate antigen 19-9, supporting
the diagnosis of a pancreatic neuroendocrine neoplasm;
however, the paucity of cells in the sample precluded
evaluation of the Ki-67 index, which is needed to
characterize the degree of tumor differentiation.

In lieu of performing another biopsy, the medical
oncologist requested for a Ga-68 DOTATATE PET-CT scan
(Figure 1.A), which showed SSTR overexpression in the
inhomogeneously enhancing pancreatic tail tumor with a
maximum standardized uptake value (SUVmax) of 31.3.
The scan also revealed increased DOTATATE uptake in an
inhomogeneously enhancing nodule at hepatic segment
VI, measuring 2.1 x 2.5 cm, along with several smaller
DOTATATE-avid foci in both hepatic lobes, with an
SUVmax of up to 38.5. Non-specific DOTATATE uptake
was likewise noted in the prostate gland, attributed to
benign prostatic hyperplasia. Although the left adrenal
gland was nodular on CT, its DOTATATE uptake appeared
physiologic. Overall, the SSTR overexpression in the
primary pancreatic lesion and hepatic metastases
suggested a well-differentiated (WHO grade |I)
neuroendocrine tumor, and the patient was started on
long-acting somatostatin analogue injections.

After four months of somatostatin analogue therapy, a
repeat whole body Ga-68 DOTATATE PET-CT scan (Figure
1.B) was requested to evaluate treatment response. The
pancreatic tail mass demonstrated a 176.7% interval
increase of DOTATATE uptake, now with an SUVmax of

Phil J Nucl Med 2023; 18(2): 8 - 13

86.6. Slight increase by 8.6% of DOTATATE uptake was
also seen in several of the hepatic nodules, with an
SUVmax of up to 41.8, with concurrent progression in
size and number on CT.
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FIGURE 1. Maximum intensity projection (MIP)
images of the Ga-68 DOTATATE PET-CT scans on
baseline dated September 2018 (A) and after four
months of somatostatin analogue therapy dated
January 2019 (B) showing interval increase of SSTR
expression in the pancreatic tail tumor (thick arrow).
Fused PET-CT image (C) shows DOTATATE-avid lesions
in the pancreatic tail (thick arrow) and liver (thin
arrows).

With evidence of progressive disease based on the
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1
after somatostatin analogue therapy, the patient was
advised by his Filipino and Singaporean oncologists to
undergo PRRT and was referred to the nuclear medicine
service. Initial evaluation showed acceptable baseline
hematologic, renal, and hepatic functions. The patient
then underwent a total of four cycles of PRRT over the
course of eight months. In each cycle, anti-emetic and
anti-inflammatory medications were given shortly before
therapy. Gelofusine was administered for renal
protection and adequate hydration was ensured orally
and intravenously. A diuretic was given after every
therapy to reduce the radiation dose delivered to the
kidneys.

On the first cycle of therapy, 6.5 gigabequerels (GBq) of
Lu-177 DOTATATE was administered. The 48-hour post-
therapy scan showed Lu—177 DOTATATE uptake in the
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pancreatic tail tumor and the hepatic metastases, similar
to the findings of the prior (January 2019) Ga-68
DOTATATE PET-CT scan. Two months after the first cycle
of therapy, the patient underwent a repeat Ga-68
DOTATATE PET-CT scan (Figure 2.A), which
demonstrated significant decrease of DOTATATE uptake
by 71.6% in the pancreatic tail tumor, now with an
SUVmax of 24.6. Resolution of DOTATATE uptake was
noted in all of the hepatic metastases with
corresponding morphologic regression to resolution, the
largest of which measures 1.3 x 1.1 cm.

7

FIGURE 2. Maximum intensity projection (MIP)
images of the Ga-68 DOTATATE PET-CT scan after the
first cycle dated March 2019 (A) and after the fourth
cycle of PRRT dated December 2019 (B). The
previously noted DOTATATE-avid hepatic lesions in
Figure 1 have resolved after the first cycle, while
gradual regression of DOTATATE uptake is seen in the
pancreatic tail tumor (thick arrow).

The patient then had his second (6.2 GBq), third (6.7
GBq) and fourth (6.5 GBq) cycles of Lu-177 DOTATATE
therapy every three months, which were well-tolerated
without impairment of hematologic, renal, and hepatic
functions. The post-Lu-177 therapy scans noted
decreasing DOTATATE avidity in the pancreatic tail tumor
with no new DOTATATE-avid lesions detected. Two
months after the fourth cycle of Lu-177 DOTATATE
therapy, a repeat Ga-68 DOTATATE PET-CT scan (Figure
2.B) was done for treatment response evaluation. The
scan showed further regression of SSTR expression by
52.4% in the stable-sized pancreatic tail tumor, now only
with an SUVmax of 11.7. All hepatic nodules have
likewise resolved on CT.
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In the absence of clinical or imaging evidence of residual
metastatic disease, the patient was referred to a
hepatobiliary  surgeon  for laparoscopic  distal
pancreatectomy with left adrenalectomy, frozen section
biopsy and wedge resection of a liver nodule that was
seen intraoperatively. The histopathologic findings
reported a low-grade well-differentiated (WHO grade 1)
pancreatic NET. Immunohistochemical stains were
positive for synaptophysin (Figure 3.A), chromogranin
(Figure 3.B), and neuron specific enolase (NSE) (Figure
3.C). Ki-67 index (Figure 3.D) was 1.2% and mitotic count
was < 2 mitosis/10 hpf, consistent with a
well-differentiated pathology. The nodular left adrenal
gland was negative for tumor, while the resected liver
nodule was shown to be benign hepatic parenchyma
with steatosis.

Immunohistochemical
magnification): (A) synaptophysin, (B) chromogranin,
(C) neuron specific enolase, and (D) Ki-67

FIGURE 3. stains  (20x

On follow-up Ga-68 DOTATATE PET-CT scan (Figure 4)
two years after surgery, no tumor recurrence was noted
and no SSTR-overexpressing hepatic metastases were
seen. There was no hematologic toxicity or
nephrotoxicity on follow-up laboratory tests. His initial
complaint of diarrhea has resolved. At 54 months since
the diagnosis, the patient remains asymptomatic with
good social and occupational functions including an
Eastern  Cooperative  Oncology Group (ECOG)
performance status of 0.

Phil J Nucl Med 2023; 18(2): 8 - 13



FIGURE 4. Maximum intensity projection (MIP) image
of the Ga-68 DOTATATE PET-CT scan 29 months after
the last PRRT dated March 2022, s/p laparoscopic
distal pancreatectomy with left adrenalectomy

DISCUSSION

Pancreatic NETs make up about 7% of all NETs and less
than 2% of all pancreatic neoplasms. Their incidence is
less than 1 case per 100,000 people annually, but it has
increased in recent years due to improvement in imaging
techniques and diagnosis [9]. The 3-to-5-year survival of
pancreatic NET patients without hepatic metastasis is
75-99%, but this drastically drops to 13-54% in the setting
of hepatic metastasis [10].

Nuclear medicine has long been involved in the
management of NETs; however, for several years, this
was largely confined to diagnostics. In the
aforementioned case, since tissue samples from initial
biopsy were insufficient to determine differentiation in
the primary lesion, SSTR PET-CT played a critical role as a
surrogate “whole body molecular biopsy”, as coined by
Chan and colleagues [11] and guided patient
management by establishing eligibility for therapy,
evaluating response, and providing long-term
surveillance.

Theranostics expanded the role of the nuclear medicine

physician beyond the reading room. Lu-177, with its high
energy beta particles and medium energy gamma

Phil J Nucl Med 2023; 18(2): 8 - 13

photons, allows imaging after therapy. Attaching it with a
somatostatin analogue enables it to bind to somatostatin
receptors in tumor cells directly exposing them to its
cytotoxic beta radiation with a maximum particle range
of 2 mm. The NETTER-1 trial established the efficacy of
adding PRRT to the treatment of GEP NETs and other
studies have since shown that PRRT can significantly
improve overall survival and considerably decrease
tumor burden [4,12,13]. Ultimately, PRRT has the benefit
of dramatically improving quality of life [14]. In the
patient, PRRT led to regression of the primary tumor and
resolution of hepatic metastases, paving the way for
definitive treatment in the form of surgery. A few studies
have demonstrated the value of PRRT as neoadjuvant
therapy, which facilitated resection in a few patients that
were initially poor candidates for surgery [15,16,17]. To
date, however, this is the first demonstration of the
neoadjuvant application of PRRT in the local setting since
its introduction to the Philippines in 2018 [7].

Finally, the multidisciplinary team plays an important role
in optimizing the management of NETs. After close
communication with the pathology service regarding the
histopathologic and immunohistochemical findings, the
medical oncologist then requested for the appropriate
diagnostics and started the patient on somatostatin
analogue therapy. Upon recognizing poor response, the
medical oncologist then referred to the nuclear medicine
theranostician for PRRT. The excellent response to PRRT
then allowed the surgical team to successfully remove
the tumor, which has since shown no evidence of
recurrence after two years.

CONCLUSION

The case has shown that Ga-68 DOTATATE PET-CT can be
a valuable tool in the different stages of management
and that PRRT with Lu-177 DOTATATE can lead to a
marked reduction of tumor burden. The effective use of
these modalities radically changed the course of an
initially inoperable patient and facilitated surgical
resection of the residual tumor. In addition,
multidisciplinary team engagement, as demonstrated in
this case, can optimize the management of a metastatic
well-differentiated pancreatic NET leading to a complete
and sustained response with good quality of life for the
patient.
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ABSTRACT

Background:

Non-specific focal uptake in the skeleton is a diagnostic pitfall on **F-PSMA-1007 PET/CT, but adjunctive
measures to aid interpretation of these lesions are currently lacking. We present two cases where dual time
point imaging provided additional information.

Case Presentation:

The first patient had a PI-RADS 3 lesion on MRI. No PSMA-avid abnormality was seen on PET, save for focal
uptake in the right pubis with no anatomic correlate. Additional imaging showed a decrease in lesion SUV, and
this was interpreted as benign. Another patient, diagnosed with prostate cancer, had multiple PSMA-avid pelvic
foci. Two suspiciously malignant bone lesions had increasing SUV trend after dual time point imaging despite
only faint sclerosis on CT. In contrast, one faint PSMA-avid lesion with no anatomic abnormality was read as
benign after a decrease in SUV. A decrease in lesion SUV may point to a benign etiology, while an increase
would heighten suspicion for malignancy. One possible molecular explanation is that a true
PSMA-overexpressing lesion would bind to the tracer for a longer period than a false positive.

Conclusion:

Dual time point imaging provides additional information that may be useful in the interpretation of non-specific
skeletal lesions with increased **F-PSMA-1007 uptake.

Keywords: “°F-PSMA-1007 PET/CT, bone lesions, dual time point imaging

INTRODUCTION

Prostate-specific membrane antigen (PSMA) has become
a gamechanger in nuclear medicine when it comes to
prostate cancer imaging and therapy. Specifically, PSMA
positron emission tomography/computed tomography
(PET/CT) has become the modality of choice for staging
and evaluating biochemical recurrence. When locally
available, it is also used to assess eligibility for PSMA
radioligand therapy.

Over the past decade, a number of PSMA PET
radiopharmaceuticals have been produced for
commercial use. In our local setting, ¥_pPSMA-1007 and
*®Ga-PSMA-11 are available. °F-PSMA-1007 has a
longer half-life than its Ga-68 counterpart, thereby
allowing for centralized mass production. Its primary
mode of excretion is through the hepatobiliary tree;
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hence, instances where urinary bladder activity obscures
the prostate gland are reduced [1]. Also, **F-PSMA-1007
PET/CT is locally offered at a lower price point than *Ga-
PSMA-11 PET/CT, which is important in places where
PET/CT scans are not reimbursed by the national health
insurance service.

One potential disadvantage of ‘®F-PSMA-1007 PET/CT is
the higher reported incidence of PSMA-avid non-specific
bone lesions (NSBLs). Otherwise known as unspecific
bone uptake (UBU), these are skeletal foci of increased
PSMA uptake which are equivocal for metastatic bone
disease [1, 2]. A matched-pair comparison showed
almost 5 times as many PSMA-avid benign bone lesions
in ®*F-PSMA-1007 PET scans relative to **Ga-PSMA-11
PET scans [3]. This is supported experientially by the
authors, who attest to seeing NSBLs mentioned more
frequently in *®F-PSMA-1007 PET reports thanin their
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*8Ga-PSMA counterparts. While these lesions typically do
not have morphologic correlates, beginning bone
metastasis may present as such. This may lead to either
overstaging (interpreting a NSBL as metastatic when it is
not) or understaging (calling a truly metastatic NSBL as
inflammatory) and may have serious consequences on
patient management.

The challenge of interpreting these NSBLs is not lost to
those who interpret ®F-PSMA-1007 PET/CT images on a
regular basis. Vollnberg et al. retrospectively analyzed
biopsy results of 11 NSBLs from 10 patients, of which
only one revealed true metastasis. On review of imaging,
8 of the 11 foci were classified as high-risk for
malignancy, and none of these lesions had corresponding
CT abnormalities [4]. Arnfield et al. suggests the use of
cut-offs on standard uptake values (SUVs). Lesions with a
maximum SUV (SUVmax) less than 7.2 are likely benign,
while those with SUVmax between 7.2 and 11.1 may be
equivocal or metastatic, depending on clinical risk
factors, scan appearance, and patient management
implications [1].

In our center, dual time point (or delayed) imaging is a
common method used to acquire further information on
equivocal-looking foci of increased tracer uptake. When
deemed necessary, a repeat scan of a section of the
patient’s body is obtained, usually post-void imaging of
the pelvis. It is more commonly employed in
¥F_fluorodeoxyglucose (FDG) and °*Ga-PSMA-11 PET
scans where radioactivity from other organs, commonly
in the gastrointestinal tract, may preclude proper
evaluation of significant-looking lesions. In a study by
Aksu et al., dual time-point imaging with ®Ga-PSMA-11
PET was shown to aid in differentiating Gleason grade
groups [5]. In the context of '®F-PSMA-1007 PET scans,
this technique is usually applied in patients with
apparently impaired hepatobiliary excretion where
urinary activity may obscure the prostate. This
incidentally allows further elucidation of NSBLs in pelvic
bones based on appearance and SUV change between
the two time points.

We present two cases where dual time point imaging
aided in the interpretation of NSBLs on '®F-PSMA-1007
PSMA PET/CT. All SUVs reported are SUVmax unless
otherwise specified.
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CASE 1

A 76-year-old came to our center with history of lower
urinary tract symptoms and benign prostate biopsy
findings from three years ago. Surveillance studies from
two months prior showed prostatomegaly with a
PI-RADS 3 lesion in the left posterolateral to
posteromedial peripheral zone and a serum prostate-
specific antigen (PSA) value within normal limits at 3.18
ng/mL. PSMA PET/CT imaging was requested by the
urologist for further evaluation of possible malignancy.
Initial whole-body PET images were acquired 63 minutes
after PSMA administration, with delayed imaging of the
pelvis done at 84 minutes post-injection.

The PET scan showed diffusely increased PSMA uptake in
an enlarged prostate gland (SUV 6.9, Figure 1A). No
PSMA abnormality corresponding to the MRI finding was
seen. Additionally, a PSMA-avid focus was noted in the
right pubic bone (Figure 1B), with no correlate on both
diagnostic CT and the prior MRI. Emission images of the
pelvis acquired 21 minutes after initial whole-body
imaging showed a decrease in lesion SUV from 6.6 to 5.8.
Taken together, the findings were signed out as favoring
benign prostatic hypertrophy, with the bone lesion being
more likely inflammatory or non-specific. Continued
monitoring, both biochemically (serum PSA) and through
imaging, was advised.

X

FIGURE 1. PSMA PET/CT images of a 76-year-old
patient with a suspicious prostate MRI finding. Apart
from diffuse PSMA uptake in the prostate (A), a PSMA
-positive right pubic bone lesion was also noted (B),
which decreased in SUV after delayed imaging
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CASE 2

A 68-year-old with elevated PSA (21.93 ng/mL) and biopsy-
proven prostate adenocarcinoma (Gleason score 4+3) was
referred to our center. MRI one month prior showed
multifocal PI-RADS 4-5 prostatic disease and a suspicious
enhancing lesion involving the left superior pubic ramus. PSMA
PET/CT was subsequently requested for metastatic work-up.
Initial whole-body PET images were acquired 70 minutes after
PSMA administration, with delayed imaging of the pelvis done
at 103 minutes post-injection.

Apart from multiple PSMA-avid foci in the prostate which
coincided with findings in the prior MRI, several pelvic bone
lesions with increased PSMA uptake were also seen. These are

summarized in Table 1, along with their SUVs on initial and
additional emission imaging (done 33 minutes after initial
acquisition). The left pubic and left iliac wing lesions with
increasing SUV were suspected as beginning bone metastasis,
while the faint PSMA-avid lesion near the sacroiliac joint was
interpreted as likely degenerative.

DISCUSSION

A PubMed advanced search using the syntax “PSMA-1007 AND
bone” would yield 305 publications at the time of this writing.
However, after manually filtering the results, less than 10
actually discussed NSBLs. It can thus be said that based on the
current body of knowledge on this topic, there is more than
ample room for further research.

TABLE 1. PSMA-avid pelvic bone lesions in the PSMA PET/CT of a 68-year-old with prostate carcinoma. PET
images were windowed to the same scale to allow visual comparison.

Lesion location Left superior pubic ramus Left iliac wing, lateral aspect Left iliac wing, proximal to
MRI correlate Enhancing lesion (Figure 2) None None

CT correlate Very faint sclerosis Faint sclerosis None

SUV, initial 4.0 6.1 3.8

SUV, delayed 6.5 6.5 2.9

Lesion image Figure 3A Figure 3B Figure 3C
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FIGURE 3. PSMA PET/CT images of the three PSMA-avid pelvic bone lesions, as described in Table 1
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To the knowledge of the authors, this is the first attempt to
provide a possible imaging approach in the evaluation of
equivocal bone lesions on 8E_pPSMA-1007 PET/CT scans.
The two cases both involve pelvic bone lesions and have
dual time point images, but their clinical backgrounds
and indications for imaging are different.

The first patient had no known malignancy. The clinician
was ruling out malignancy given a PI-RADS 3 lesion on a
prior MRI, hence PSMA PET/CT evaluation was
requested. The MRI lesion had no PET correlate but
diffuse prostatic PSMA avidity was seen. Using the
recently published PRIMARY scoring system for patients
clinically suspected with prostate cancer, this lesion
would have a score of 1, thus decreasing the probability
of metastasis should other PSMA-avid findings be
encountered [6]. Additionally, a PSMA-avid bone focus
was seen in the right pubis. The tracer washout
manifested by an SUV decrease on dual time point
imaging, on top of the lack of a distinct CT correlate,
supports a benign interpretation of this finding.

In contrast, the second patient was already diagnosed
with prostate cancer, and PSMA PET/CT was performed
for staging. Two PSMA-avid bony foci had faint sclerosis
on CT, with one of them also having an MRI correlate. In
both cases, an increase in SUV was noted on dual time
point imaging, which increased reader confidence in
interpreting these lesions as beginning metastasis. A
third lesion was seen which was fainter than the
previous two, had no CT correlate, and showed a
decreasing SUV trend. Based on this, as well as its prox-
imity to the sacroiliac joint, the lesion was interpreted as
degenerative.

All the mentioned bone lesions in both cases had
SUVmax values below the previously described threshold
of 7.2 [1]. Using this cut-off without anatomic correlates,
some of the abovementioned skeletal foci would have
been labeled as benign. SUV change on dual time point
imaging thus provides additional information in
discriminating between possibly benign and possibly
malignant bone lesions. A molecular-level explanation
for this phenomenon still needs to be elucidated.
However, it can be postulated that true PSMA-
overexpressing lesions would have more favorable
receptor binding kinetics toward the tracer compared to
false positives where tracer washout is seen. Bone lesion
biopsy remains to be the best means of confirming such
hypothesis, but financial and ethical hurdles in the local
setting are dissuasive for independent research.

Phil J Nucl Med 2023; 18(2):14 - 17

This case report highlights the potential adjunctive value
of dual time point imaging in the interpretation of NSBLs
with increased ®*F-PSMA-1007 UBU. Further studies are
recommended to establish the utility of dual time point
imaging under such context on a larger scale. This
includes prospective follow-up to confirm the benign or
malignant nature of the bone lesions, as well as possible
integration in future imaging protocols and guidelines,
such as the optimal interval time of second scan imaging.
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ABSTRACT

Diagnosis of Alzheimer dementia is done clinically using criteria set by different neurological associations.
Inevitably, clinicians encounter cases that do not fulfill the set definitions and have to resort to supporting data
to form a clinical judgment. Part of the ancillary work-up for dementia is the brain amyloid PET scan that has
recently been available in the Philippines. It involves a radiopharmaceutical with high-affinity binding to
amyloid plaques which for a time were thought to be central pathological finding for Alzheimer dementia. This
study describes the first four amyloid PET scans in the Philippines and detail the protocol as well as
interpretation of such studies. The procedure is not as simple and reproducible as one might think hence
following the recommended protocol and interpretation guidelines are of utmost importance. We recommend
standardization of the reporting of results for all centers that will cater to patients being worked up for
dementia, which include reporting SUVRs for both whole cerebellum and cerebellar cortex. More studies are
recommended to generate a local Florbetaben SUVR cutoff.

Keywords: amyloid PET, Alzheimer disease, diagnostic imaging, F-18 Florbetaben

INTRODUCTION

Alzheimer’s Disease

Alzheimer’s disease (AD) is the most common cause of
dementia accounting for two-thirds of cases. The World
Alzheimer Report 2015 has estimated that 46.8 million
people worldwide are living with dementia [1].
Dominguez et al. has projected the Philippines to have a
total of 1,474,588 dementia cases in 2030, 1,972,067 in
2040 and 2,529,436 in 2050 with incidence at 16 per
1,000 person-year [2]. AD is a disease of the elderly,
most commonly presenting at the age of 65, which
presents insidiously with progressive decline. It is
characterized by an accumulation of abnormal neuritic
plaques and neurofibrillary tangles. Definitive diagnosis
of AD requires histopathologic evidence of plaques and
tangles demonstrated by Alois Alzheimer himself. The
widely adapted clinical criteria used is by the National
Institute on Aging and the Alzheimer's Association
(NIA-AA) updated in 2011 and the Diagnostic and
Statistical Manual of Mental Disorders (DSM) criteria
revised in 2013. However, diagnosis is still confounded
by atypical presentations such as early age and rapid
decline thus the need to combine clinical features with
imaging and cerebrospinal fluid (CSF) biomarkers. The
National Institute on Aging-Alzheimer’s Association
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(NIA-AA)  workgroups also set criteria to help
differentiate neurocognitive (NCD) subtypes using two
classes of biomarkers to help diagnose AD, namely
biomarkers for brain amyloid AB protein deposition
detection and the biomarkers for downstream neuronal
injury identification [3]. Evidence of amyloid deposition
is based on reduced cerebrospinal fluid (CSF) AB42 levels
and positive PET amyloid imaging, whereas the latter
includes three major biomarkers, namely elevated CSF
tau, reduced fluorine-18 fluorodeoxyglucose (F-18 FDG)
uptake on PET in the temporoparietal lobes, and
disproportionate atrophy at the medial, basal, and
lateral temporal lobes on structural MRI scans. There is
also a proposed staging of preclinical AD which involves
objective evidence of amyloidosis with and without
neurodegeneration and subtle cognitive decline.

Anatomical imaging modalities show cortical atrophy
from neuronal degeneration and eventual cell loss.
Different patterns of loss are associated with disease.
Many, if not most, clinicians would request for the
widely available MRI to support diagnosis of AD as well
as to exclude other organic pathologies that can cause
cognitive impairment. MRI findings of AD include
widening of ventricles, parietal sulcal widening and
atrophy of the posterior cingulate gyrus and precuneus,
hippocampus and parahippocampal gyrus [4]. Several
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scoring systems have been used as guides to assess NCD
such as medial temporal lobe atrophy score, posterior
cortical score and global cortical atrophy scale. The GCA
scale evaluates 13 brain regions and may be confounded
by age. Medial temporal atrophy is associated with mild
cognitive impairment (MCl) and AD and the medial
temporal lobe atrophy (MTA) score is less affected by
normal aging. Posterior cortical atropy on the other hand
is associated with early-onset AD and is helpful for the
evaluation of atypical AD.

Positron Emission Tomography (PET)

PET becomes a marker of neuronal injury as damaged
brain cells exhibit decreased uptake of F-18 FDG [5,6]
and as a marker of amyloid plague deposition when the
cortex demonstrates increased uptake of the amyloid
tracers. F18-FDG brain PET shows hypometabolism even
before overt atrophy occurs, reflecting not only loss of
cells but impaired synaptic transmission. Patterns of
disease-specific decreased tracer uptake allowed F-18
FDG PET to be assist in the diagnosis of different NCDs
and as prognosticating factor to predict which patients
who have MCI can progress to Alzheimer dementia with
reported 75-100% accuracy [7]. Advances in brain PET
imaging include development of radiotracers that bind to
amyloid plaques themselves. The first one to be
developed is C11- Pittsburgh compound B followed by
Fluorinel8-based tracers like Florbetaben, Flutemetamol
and Florbetapir. C11- Pittsburgh compound B use is
limited to facilities who have cyclotron on-site owing to
its short 20-minute half-life. Subsequent US
FDA-approved F-18 radiopharmaceuticals are now
preferentially used because of their longer 109.8 minute
half-life. These amyloid tracers bind non-specifically to
white matter and have no uptake in normal gray matter.
Amyloid brain PET scans are semi-quantified into positive
and negative. Negative scans demonstrate binding only
the cerebral white matter while a positive scan shows
uptake in both gray and white matter and hence shows
loss of contrast between the two. Amyloid deposition
starts even before the onset of cognitive impairment and
can be seen in both AD patients and elderly patients with
normal cognition hence its strength lies in its high
negative predictive value, with a negative scan giving a
very low likelihood of AD.

The Amyloid Imaging Task Force (AIT) was developed by
the Society of Nuclear Medicine and Molecular Imaging
(SNMMI) and Alzheimer’s Association to determine the
Appropriate Use Criteria (AUC) of amyloid brain PET
imaging [8]. The AUC will assist clinicians to determine
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the potential value doing an amyloid PET scan can add. It
is still important to emphasize that a positive scan is not
tantamount to a clinical diagnosis of Alzheimer's and
that it is the ultimate clinical judgment of the clinician to
decide on the diagnosis. The AIT established the
following as the preamble, or the common
characteristics, for patients whom AUC may be applied:
presence of cognitive impairment, possibility of AD as a
diagnosis and evidence of the amyloid positivity to
increase diagnostic certainty, ideally sufficient to shift
the management. Three appropriate indications were
concluded which include 1) patients with progressive
and persistent unexplained mild cognitive impairment 2)
patients with possible AD (atypical course and with
concomitant organic disease) and 3) progressive
dementia and atypical age of onset. For the first
indication, an amyloid-negative scan on the background
of MCI will lead towards investigation of other causes of
impairment such as vascular or traumatic. Also,
combining amyloid positivity with unexplained MCI will
increase the level of certainty that early AD is the cause
and that it should subsequently follow that a change in
management is warranted. For the second indication, it
is mainly to exclude patients with typical AD and to
further investigate patients already diagnosed with
dementia presenting atypically or if the course is difficult
to assess and those with other concomitant pathology.
Lastly, amyloid PET scan may be used for patients who
are young but already presenting with dementia to help
plan an early course of management. Amyloid PET scan
has been recommended against patients who satisfy the
core-clinical criteria of AD, to determine dementia
severity, to diagnose disease in those with genetic
predisposition as well as determine genetic mutations,
those who have cognitive complaints not confirmed
clinically, asymptomatic patients and those for
non-medical purposes.

Imaging Acquisition and Interpretation from
SNMMI

Based on the SNMMI recommendations, physicians who
interpret amyloid PET scans should have specialized in
Nuclear Medicine and completed appropriate training
programs from the manufacturer. Likewise, amyloid PET
scans should be performed by qualified Nuclear
Medicine Technologists certified by the appropriate
board.

The study requisition should include 1) appropriate
clinical information about the patient to justify the study
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and to allow appropriate exam/study coding;
2) information about the ability of the patient to
cooperate for the test is helpful; and 3) information
about current medications in case mild sedation is
necessary. It is also helpful to know if the patient needs
to be accompanied by a guardian.

Protocol/Image acquisition

1. Before scanning, the patient should empty their
bladder for maximum comfort during the study.

2. The patient should be supine with suitable head
support. The entire brain should be in the field of
view, including the entire cerebellum. Avoid extreme
neck extension or flexion if possible. To reduce the
potential for head movement, the patient should be
as comfortable as possible with the head secured as
completely as possible. Tape or other flexible head
restraints may be employed and are often helpful.

3. ®F-florbetapir, ®F-flutemetamol and “®F-florbetaben
should be injected as a single intravenous slow-bolus
in a total volume of 10 ml or less. The dose/catheter
should be flushed with at least 5-15 ml 0.9% sterile
sodium chloride to ensure full delivery of the dose.

4. The recommended dose/activity, waiting period, and
image acquisition duration are summarized in Table
1.

5. Image acquisition should be performed in 3D data
acquisition mode with appropriate data corrections.

6. Image reconstruction should include attenuation
correction with typical transaxial pixel sizes between
2-3 mm and slice thickness between 2-4 mm.

7. Advise the patient to hydrate and void after the
scanning session to diminish radiation exposure.

Amyloid PET imaging is interpreted both qualitatively
and quantitatively. Qualitative examination by PET
readers is through visual inspection of tracer deposition
in the cortical gray matter of areas commonly affected in
Alzheimer disease. These may be categorized into brain
amyloid plaque load (BAPL) 1, 2 and 3 for no significant
amyloid deposition, minor deposition, and significant

deposition, respectively. BAPL 1 is amyloid-negative
while BAPL 2 and 3 are positive.

OBJECTIVES

General Objective
To describe the first four Amyloid PET scans in the
country, its procedure, and findings

Specific Objectives

To describe the profile of patients who underwent
Amyloid PET (age, gender, indication for the scan)

To discuss the appropriate use criteria for requesting
Amyloid PET

METHODS

This is a retrospective case series of four patients who
underwent Amyloid brain PET scans at St Luke’s Medical
Center - Quezon City and Global City from July to August
2022.

Criteria for Subject Selection

Inclusion Criteria
The first four patients who completed a brain PET scan
using an amyloid tracer

Exclusion Criteria

e Significant neurological disease other than early
Alzheimer's disease.

e Major psychiatric disorder or symptom that can
explain patient’s condition

e Unstable medical conditions

Operational definitions

Brain amyloid PET scan or amyloid brain PET scan - PET
scan specific for evaluating the brain using F-18
florbetaben, a radiotracer which is avid to the amyloid
plagues implicated in Alzheimer’s disease.

TABLE 1. Recommended Dose/Activity, waiting period and image acquisition

Radiotracer Recommended Dose /Activity Waiting Period Acquisition
BE_florbetapir 370 MBg (10 mCi) 30-50 minutes 10 minutes
BE_flutemetamol 185 MBq (5 mCi) 90 minutes 10-20 minutes
BF_florbetaben 300 MBg (8 mCi) 45-130 minutes 20 minutes
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Positron emission tomography scan (PET) scan - a
nuclear medicine imaging procedure using a positron-
emitting nuclide to image desired parts of the body.
Tracers used are dependent on the lesion being
evaluated

Standardized uptake value (SUV) — a semiquantitative
measurement of radiopharmaceutical uptake of a region
of interest normalized to dose/radioactivity
administered and volume of distribution in the body
(weight or lean body mass).

SUV maximum (SUVmax) — highest SUV value in a given
lesion or region of interest.

SUV mean (or mean SUV)- average SUV counts in the
whole region of interest.

SUV ratio (SUVR or SUVratio) — for brain amyloid PET
scans, this is the ratio of the mean SUV of the region of
interest divided by the mean SUV of the reference brain
region.

Description of Study Procedure

The researchers will review the database, scans, and
results of the four patients who underwent Amyloid PET
scans at St. Luke’s Medical Center. The information will
include:

o Age

e Sex

e Neurologic manifestations reported at the time of
the scan

e Comorbidities
e Other imaging modalities

e Prior treatment done if any

Sample Size Estimation
No sample size was computed because only the first two
patients from each branch of the hospital are included.

Data Analysis

Descriptive statistics were used to summarize the
demographic and clinical characteristics of the patients.
Radiopharmaceutical

Neuraceq (F-18 Florbetaben) is the locally available
radiotracer for amyloid. It comes in a clear vial of 300
MBg/mL colorless solution. Similar to Fluorine-18 - based
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radiotracers, it decays with a half-life of approximately
110 minutes by emitting a positron radiation of 634 keV,
followed by photonic annihilation radiation of 511 keV.
The solution contains 30 mg sodium and 15vol% of
ethanol.

The manufacturer recommends use with no dose
adjustment based on age and weight. Other precautions
are similar to the other radiopharmaceuticals. The
medication is administered slowly via intravenous route
followed by flushing using normal saline solution. For
our institution, the F18-Florbetaben radiopharmaceutical
is delivered by a third-party supplier.

Amyloid PET scan protocol

The following protocol is derived from the Amyloid Brain
PET/CT protocol of St. Luke’s Medical Center - Global City
and Quezon City

e Verify patient identification (Name and date of birth
at the very least)

e Verify doctor’s request: (PET tracer
indicated , with or without diagnostic CT)

e Bring patient to PET lounge and measure height and
weight

e Take patient’s clinical history

e Explain procedure, possible side effects and radiation
precautions

e Secure consent for the procedure

e Insert IV line (or secure permission for central line
access)

e Preparation of dose (re-check label of vial delivered)

e Dispense 8mCi (300 MBq) into a syringe and place in
a lead-shielded container

e Recheck patency of IV line and administer
radiopharmaceutical to the patient via slow IV push
followed by a 10mL- saline flush

e Measure post-injection activity from the syringe and
record time of administration

e Ask patient to void prior to scanning

e Perform PET scan, with or without diagnostic CT and
with or without sedation, 90 minutes after tracer
administration

e Strap and secure the patient to the scanning table
and provide adequate head support to minimize
patient motion

e Adjusts the height of the scanner table to its
isocenter at 185.

e Starts the Dual CT surview (AP and Lateral Views).
When the CT surview is complete, the surview image
displays with a plan series box.

properly
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e Move and adjust the plan scan box for PET
acquisition from base of the skull to about 1 inch
above the tip of the cranium. The scan plan box for
Low-dose CT will automatically adjust to the same
region of interest as that of PET acquisition.

e Perform the scan of 1 bed with 20 minutes
acquisition

e Nuclear Medicine physician checks scan

e Escort the patient back to the lounge and patient is
sent home

PET Amyloid Interpretation

Once acquired, emission PET images and low-dose CT are
sent to workstations for interpretation. Both branches of
the hospitals use Biograph Vision PET/CT scanner and
syngo.via workstations (Siemens Healthineers) for
interpreting amyloid PET scans. These scans are read
using the MM Neurology software by Siemens. The
software is capable of processing images acquired using
the three F-18 - based tracers against the CT attenuation
correction map generated prior to the PET emission
images. Non-attenuation correction images may also be
used. Other imaging modalities the patients had prior
were not used for correction. Options also for
normalizing images using cerebellar and whole brain
images are available as well. Once the images are
processed, nuclear medicine physicians may view them
in the axial, sagittal and coronal slices together with
maximume-intensity  projections. Software-generated
ROIs for the cerebral and cerebellar lobes, anterior and
posterior cingulate gyri, basal ganglia, and ventricles are
also provided but ultimately determined by the reader.
Physicians then proceed to determine F-18 Florbetaben
localization. The readers compare the cortical gray
matter signal intensity to the maximum white matter
signal intensity. The images should be viewed in a
systematic manner starting at the level of cerebellum
and scrolling up through the lateral temporal and frontal
lobes, then to the area of the posterior cingulate cortex
and precuneus, and finally to the parietal lobe.

The manufacturers recommend scoring each reference
brain region (lateral temporal lobes, frontal and parietal
lobes, and precuneus/posterior cingulate gyri) as to no
tracer uptake (1), moderate trader uptake (2) and
pronounced tracer uptake (3), known as the regional
cortical tracer uptake (RCTU) score. Brain amyloid plaque
load (BAPL) scores are subsequently derived from the
RCTU. BAPL 1 corresponds to having an RCTU score of 1
in each of the four brain regions (lateral temporal lobes,
frontal lobes, posterior cingulate/precuneus, parietal
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lobes), while BAPL 2 corresponds to RCTU 2 in any or all
of the four brain regions and no score of 3 in any. BAPL 3
is an RCTU score of 3 at least in one of four brain regions.
BAPL 1 is the amyloid-negative scan while BAPL scores 2
and 3 are considered positive scans.

SUVRs are then computed manually by comparing the
uptake values of the cortical ROl versus the cerebellar
cortex with or without the whole cerebellum.

Results

Three of the four patients were elderly and one of which
was in the late middle-age. Three were male. Two of the
patients had stable comorbidities.

Mean radioactivity at the time of injection was 294.7
MBg of F-18 Florbetaben. Imaging was performed using
a Siemens Biograph Vision 64 slice PET/CT scanner and
acquired with a mean time of 90.7 minutes post tracer
injection.

No reported adverse reactions to the radiotracer were
noted in the four patients.

Case 1l

The first patient is a 73-year-old female, hypertensive,
dyslipidemic and presents with cognitive impairment.
She has memory loss of recent events and with

immediate recall (inability to recall details of
instructions, repetitive), fears getting lost, needs
assistance with maintenance medications, has word
finding difficulty, not oriented to time but oriented to
place, unable to construct simple geometric figures and
clock drawing test. Patient is able to perform some
activities of daily living and needs assistance in
some. She has already been diagnosed clinically as a
case of Alzheimer dementia and was previously treated
with acetylcholinesterase inhibitors. Patient underwent
PET amyloid imaging as a volunteer case for St. Luke’s
Quezon City.

Brain MRI done one year prior showed mild atrophy in
the frontal, temporal and parietal lobes with mild
atrophy of the choroid fissure while cognitive testing
atrophy of the choroid fissure while cognitive testing
reported mild Alzheimer dementia. At the time of the
scan, the patient’s symptoms were essentially stable.
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Patient underwent the PET scan at 93 minutes post
tracer injection and because of patient movement,
nuclear medicine physicians decided on a delayed scan
123 minutes post tracer injection. Results showed loss of
gray-white matter differentiation in the frontal lobes,
parietal lobes, posterior cingulate gyrus, and lateral
temporal lobes. Brain amyloid plaque load (BAPL)
evaluation shows moderate beta-amyloid deposition in
the aforementioned regions. SUVRs were all above the
1.478 cut-off set by Sabri et al. in 2015 including the
anterior cingulate gyrus and occipital lobes [9]. The
observed increase in the SUVrs during the subsequent
scan however did not provide additional information
other than quality control since all mean SUVs of
reference regions have declined.

Quantitative analysis using the standard uptake value
ratios (SUVR) normalized to the cerebellar cortex are as
shown in Table 2.

Case 2

The second patient is a 56-year-old female who
presented with short-term memory loss at 54 years old
and family history of Alzheimer’s disease. She was
started on an acetylcholinesterase inhibitor one month
prior to the brain PET scan. She had hysterectomy and
unilateral ovarian surgery for benign findings and had no
other comorbidities. A PET Amyloid scan was requested
to increase diagnostic probability of early onset
dementia.

Visually, there is loss of gray-white matter differentiation
in the anterior and posterior cingulate gyri, frontal,
parietal, occipital, and temporal lobes with
corresponding elevated SUVRs as shown in Figure 2 and
Table 3.

Case 3

The third patient is an 82-year-old female who complains
of delayed recall and derangement in fluency. Prior brain
MRI in October 2018 reported a chronic infarct in the left
frontal region without any residuals. However no recent
imaging modality was acquired. Patient had no prior
treatment. Patient has no known comorbidities.

PET amyloid imaging acquired 90 minutes after tracer
injection showed Florbetaben distribution in the white
matter of the cerebrum and cerebellar peduncles. No
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undue florbetaben uptake is seen in the cerebral cortical
gray matter. There is no loss of florbetaben gray/white
matter contrast. SUVRs normalized to the cerebellar
cortex were below 1.478 (see Figure 3 and Table 4).

Diagnostic CT done together with the PET scan showed
no evidence of acute territorial infarct, intracranial
hemorrhage or focal mass lesion with probable chronic
small vessel ischemic changes, gliosis, and/or
demyelination. There was mild symmetric widening of
the cerebral cortical sulci on both sides, both Sylvian
fissures and basal cisterns as well as the cerebellar
interfolial spaces relating to volume loss. The ventricles
are normal in size and configuration.

Case 4

The fourth patient is a 74-year-old male presenting with
recent and distant memory loss. Recent brain MRI
reported cerebral atrophy that was not uncommon for
patient’s age. She has no known comorbidities and no
prior treatment.

PET scan acquired 90 minutes post tracer injection
showed good contrast between white and gray matter in
all the reference regions (see Figure 4 and Table 5).

Discussion

The AIT aimed to address several questions with regards
to the application of the amyloid PET scan namely proof
of technical efficacy, diagnostic accuracy, and clinical
utility.

Proof of technical efficacy includes reproducibility of
specific amyloid PET acquisition procedures and
protocols under standardized conditions and must be
applicable to the range of PET instrumentation in use.

Tracer preparation, including quality control from the
third-party supplier is monitored by the manufacturer of
the tracer itself. As needed site visits are conducted
should concerns arise from generating the tracer. St.
Luke’s Medical Center makes use of the protocol as
recommended in the 2016 Society of Nuclear Medicine
and Molecular Imaging Procedure Standard — European
Association of Nuclear Medicine Practice Guideline for
Amyloid PET Imaging of the Brain. Prior to conducting
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FIGURE 1. Case 1 - A Positive PET Amyloid scan

TABLE 2. Quantitative analysis using the standard uptake value ratios (SUVR) normalized to the cerebellar cortex

Regions of Interest (ROI) Standard 90 minutes Delayed scan
Mean SUVR normalized to the Mean SUVR normalized to the
Suv cerebellar cortex SuUv cerebellar  cortex
Anterior cingulate gyrus 1.54 1.64 1.39 1.65
Cerebellar cortex 0.94 - 0.84 -
Frontal lobe 1.77 1.88 1.61 1.92
Occipital lobe 2.05 2.18 1.89 2.25
Parietal lobe 1.97 2.1 1.78 2.12
Posterior cingulate gyrus 2.11 2.24 1.86 2.21
Temporal lobe 1.7 1.81 1.55 1.85

*An SUVR abnormality cut-off of 1.478 in a global cortical composite region relative to the cerebellar cortex was developed using histopathological
confirmation as the standard of truth providing sensitivity (89.4%) and specificity (92.3%) to detect established AB pathology [9].

*Mean SUVs were acquired using auto-generated ROIs by molecular imaging neurology software provided by the PET manufacturer.

26 Phil J Nucl Med 2023; 18(2): 20 - 31



FIGURE 2. Case 2 - A Positive PET Amyloid scan

TABLE 3. Quantitative analysis using the standard uptake value ratios (SUVR) normalized to the cerebellar cortex

Regions of Interest (ROI) Mean SUVR normalized to the cerebellar SUVR normalized to the whole
Suv cortex** cerebellum***

Anterior cingulate gyrus 1.79 1.95 1.58

Frontal lobe 1.71 1.86 1.51

Occipital lobe 1.56 1.70 1.38

Parietal lobe 1.79 1.95 1.58

Posterior cingulate gyrus 1.86 2.02 1.65

Temporal lobe 1.72 1.87 1.52
Cerebellar cortex 0.92 - -
Whole cerebellum 1.13 - -

*Mean SUVs were acquired using auto-generated ROIs by molecular imaging neurology software provided by the PET manufacturer.

**An SUVR abnormality cut-off of 1.478 in a global cortical composite region relative to the cerebellar cortex was developed using histopathological
confirmation as the standard of truth providing sensitivity (89.4%) and specificity (92.3%) to detect established A8 pathology [9].

***Optimal SUVR cut-off for cerebellar gray matter is 1.43 and for whole cerebellum is 0.96 [10].
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FIGURE 3. Case 3 - A Negative PET Amyloid scan showing non-specific Florbetaben uptake

TABLE 4. Quantitative analysis using the standard uptake value ratios (SUVR) normalized to the cerebellar cortex

Regions of Interest (ROI) Mean SUVR normalized to the cerebellar cortex
SuUv
Anterior cingulate gyrus 0.83 0.81
Cerebellar cortex 1.02 -

Frontal lobe 1.11 1.09
Occipital lobe 131 1.28
Parietal lobe 1.12 1.10
Posterior cingulate gyrus 1.30 1.27
Temporal lobe 1.20 1.18

*SUVR - standard uptake value ratio

*An SUVR abnormality cut-off of 1.478 in a global cortical composite region relative to the cerebellar cortex was developed using histopathological
confirmation as the standard of truth providing sensitivity (89.4%) and specificity (92.3%) to detect established A8 pathology [9].

*Mean SUVs were acquired using auto-generated ROIs by molecular imaging neurology software provided by the PET manufacturer.
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FIGURE 4. Case 4 - Negative for significant amyloid beta deposition

TABLE 5. Quantitative analysis using the standard uptake value ratios (SUVR) normalized to the cerebellar cortex

Regions of Interest (ROI) Mean SUVR normalized to the cerebellar SUVR normalized to whole cerebellum
SUV cortex

Anterior cingulate gyrus 0.73 1.04 0.73

Frontal lobe 0.87 1.24 0.87

Occipital lobe 0.98 1.4 0.98

Parietal lobe 0.88 1.26 0.88

Posterior cingulate gyrus 1.40 2.0 1.4

Temporal lobe 0.92 131 0.92
Cerebellar cortex 0.70 - -
Whole cerebellum 1.00 - -

*SUVR — standard uptake value ratio

*An SUVR abnormality cut-off of 1.478 in a global cortical composite region relative to the cerebellar cortex was developed using histopathological con-
firmation as the standard of truth providing sensitivity (89.4%) and specificity (92.3%) to detect established A8 pathology [9].

*Mean SUVs were acquired using auto-generated ROIs by molecular imaging neurology software provided by the PET manufacturer.
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the first amyloid PET scan in the country, the staff were
given lectures to orient them with regards to the new
tracer, its properties, and its indications.

The latest PET/CT scanner of both hospitals is the
Siemens Biograph Vision 64 PET/CT scanner, already
equipped with the necessary software application to
process images acquired from the brain amyloid PET
scan. The program is capable of processing the three
F-18 amyloid tracers: F-18 florbetapir, florbetaben and
flutemetamol despite having only F-18 florbetaben
available for use in the country. The program itself is
capable of generating automated regions of interest
(ROIs) for the relevant regions in the brain where
amyloid deposition is expected and provides standard
uptake values (SUVs) and SUVRs.

Both institutions were able to administer uniform and
correct radioactivity of the PET Amyloid tracer. Both
were also able to image patients within the
recommended 90 to 110 minute-uptake time and 20-
minute acquisition time.

The AIT also recommends standardized interpretation
protocols for interrater agreements. This must be set by
the local professional certifying board. However, since
these are the first four scans in the country, no preex-
isting data is available to set guidelines locally. Similar to
other nuclear medicine procedures in the Philippines,
protocols and references are derived from large, foreign
organizations like the US FDA, SNMMI and EANM.

Diagnostic accuracy (clinical validity) of Florbetaben has
been established by several studies [6, 10, 11, 12, 13].
The first amyloid tracer, C-11 Pittsburgh compound B has
been the most extensively studied with proven good
correlation with histopathological evidence of amyloid
deposition. The F-18 based tracers flutemetamol and
florbetapir have undergone tissue correlation and all
three radiopharmaceuticals have been compared with
C-11 PiB with good concordance [10, 11, 12,13]. F-18
Florbetaben is the first amyloid tracer studied in
humans. Florbetaben’s capability to increase probability
of AD diagnosis has been supported by studies showing
that it has high binding affinity to beta-amyloid plaques,
concordant with thioflavin binding. It is not avid to
a-synuclein in Lewy bodies or to tau lesions in
postmortem cortices from dementia with Lewy bodies,
Alzheimer’s or FTLD patients. Several researches showed
high Florbetaben uptake in the cortices of AD patients
compared to patients with mild cognitive impairment
and normal controls.
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As with other elements of validation, each tracer and its
associated interpretation protocol must be assessed
separately. Since this is the first report of PET Amyloid
Imaging in the Philippines, interpretation protocol has
not yet been standardized. Clinical utility specific for
Filipinos has also not been established locally.

Patients 1 and 2 had scans with visualized amyloid
localization in the gray matter and with SUVRs higher
than the 1.478 cut-off. Patient 1’s amyloid PET scan
reaffirmed the already known diagnosis of Alzheimer
disease and objectively justified continuation of
treatment. For Patient 2, the referring physician has
started the patient on treatment for Alzheimer disease
but wanted to increase the certainty of the clinical
diagnosis. For the third and fourth patients, despite their
advanced age, no significant amyloid deposition was
noted. The negative brain amyloid PET scans discourage
against dementia with amyloid deposition.patients who
have histopathologically-proven amyloid

The 1.478 cut-off is derived from the study of Sabri et al.
in 2015, a multicenter phase trial which used the similar
PET scoring system recommended by the Neuraceq
manufacturer [9]. It involved 218 patients (139 patients
with AD, 5 with Dementia with Lewy bodies (DLB), 31
with other dementia disorders, 32 with non-dementia
disorders and 11 who are cognitively normal). 74 of
these patients had already died and whose brains
became the autopsy — truth standard. Out of the 47
deposition, 44 of which had clinically-diagnosed AD. 46
out of 47 patients were read as PET amyloid positive
scan. The three remaining positive scans were a case of
DLB, one had another dementia disorder and one is not
clinically diagnosed with dementia. This resulted in a
sensitivity of 97.9% (95% Cl 93.8-100%) and a specificity
of 88.9% (95% Cl 77.0-100%) for florbetaben PET
imaging detection of amyloid plaques. Other studies
have advocated an SUVR of 1.23 to 1.45.

Despite several studies suggesting using SUVRs, a study
by Bullich et al. in 2016 involving 78 autopsied patients
whose SUVRs were calculated from whole cerebellum
and cerebellar cortical gray matter recommended that
we prefer the use of visual assessment and limit the
contribution of SUVRs in the interpretation of PET
amyloid scans [13]. Subsequent research of two of the
authors of this article stated that SUVRs were developed
mainly to discriminate patients with amyloid-beta
pathology from those who are cognitively normal hence
they cannot be used to detect earliest amyloid
deposition [10]. They however support SUVRs to
increase the accuracy of non-expert readers who may
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benefit from the additional contribution.

The procedure of PET Amyloid imaging is uniform for all
of the four scans. One scan did not report SUVRs
normalized to the whole cerebellum and one scan had
delayed imaging due to patient motion. All four scans
used visual assessment and SUVR quantification using
the 1.478 cut-off.

RECOMMENDATIONS

For future PET Amyloid imaging as it is relatively new,
the researchers would like to firstly highlight the
importance of the appropriate use criteria set by AlT.
The procedure is costly for the average Filipino, hence
prudence should be exercised when requesting the test.
Clinicians must weigh the pre-test and post-test
probability and the expected benefit to their patient.

Second, institutions should always abide by the imaging
guidelines to establish uniformity of the procedure.
Interpretation confounders can arise starting from tracer
administration up to interpretation.

We also recommend the reporting of SUVR cut-offs but
primarily for future research purposes. To date, available
studies regarding SUVR cut-offs employ them to support
the findings of visual assessment which is the currently
accepted method, and as a means of a semi-quantitative
measurement. Calculating SUVRs based on both whole
cerebellum and cerebellar cortex is also suggested until a
local SUVR cut-off is established and validated.
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ABSTRACT

Introduction:

No clear consensus exists as to the optimal timing for conducting whole body scintigraphy (WBS) after
radioactive iodine (RAl) therapy for differentiated thyroid carcinoma.

Objective:

This study aimed to compare the utility of early versus delayed post-therapy WBS in identifying residual lesions
and metastases .

Methods:

A systematic review of existing literature was done, yielding 6 observational studies relevant to the subject.
Meta-analyses were done comparing lesion detecting rates of early (3-4 days post-RAl) and delayed (7-11 days
post-RAI) post-therapy WBS for thyroid remnants and metastases in the lymph nodes, lungs, and bone using a
random-effects model with odds ratios (OR) and 95% confidence intervals (Cls). A subgroup analysis was also
done relating to the type of collimator used in imaging.

Results:

There was no evidence to support that conducting WBS at either an early or delayed time after RAI therapy is
superior to the other in detecting thyroid remnants (OR 1.11; 95% Cl 0.86 — 1.42; p = 0.42), nodal (OR 1.01; 95%
Cl 0.74 - 1.38; p = 0.97), lung (OR 0.79; 95% Cl 0.55 — 1.13; p = 0.20), and bone (OR 0.89; 95% Cl 0.56 — 1.43;
p = 0.64) metastases.

Conclusion:

There is no significant difference between early and delayed post-therapy whole body scintigraphy in terms of
detecting thyroid remnants and nodal, lung, and bone metastases in patients with well-differentiated thyroid
carcinoma.

Keywords: post-therapy whole body scintigraphy (WBS), lodine-131 (I-131), radioactive iodine (RAI) therapy,

thyroid cancer

INTRODUCTION

Thyroid cancer remains one of the most common
malignancies worldwide, with a global incidence that is
expected to continually rise throughout the coming years
[1]. Differentiated thyroid carcinoma accounts for
majority of thyroid malignancies [2], and among the
mainstays of treatment for such cancers is total
thyroidectomy with subsequent radioactive iodine (RAI)
therapy. Therapy with iodine-131 (I-131) is given to
achieve three main goals, namely 1) remnant ablation; 2)
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adjuvant treatment; and/or 3) treatment of known
disease [3].

Whole body scintigraphy (WBS) after administration of
therapeutic doses of 1-131 for thyroid cancer is now
often routinely performed as a means of demonstrating
thyroid remnant uptake as well as presence and extent
of metastatic disease. Indeed, compared to pre-therapy
diagnostic scans that are commonly done after surgery,
post-therapy WBS demonstrates increased sensitivity for
for tumor localization and characterization, even
showing improved detection of occult metastasis [4, 5].
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However, debate remains as to the optimal time for
conducting the post-therapy WBS. Though current
clinical practice guidelines recommend doing WBS after
RAI therapy and suggest conduction of such as early as 2
days to as late as 14 days after the date of therapy [6, 7,
8], a clear consensus has yet to be reached regarding the
optimal timing of the scan. Previous observational
studies aimed at determining when best to do the
post-therapy WBS have had mixed conclusions, with
some in favor of early imaging (i.e. 3-4 days after RAl)
[9, 10] and others more for delayed imaging (i.e. 7-10
days after RAIl) [11, 12], depending on which scanning
time was able to reveal more detectable thyroid
remnants and/or metastatic lesions.

Therefore, this meta-analysis aims to compare utility of
the early and delayed post-therapy WBS in identifying
residual lesion, locoregional, and distant metastases.

METHODS

This study was conducted in compliance with the
guidelines set by the Meta-analyses of Observational
Studies in Epidemiology (MOOSE) group (Appendix 1).

A. Search and selection process

Electronic databases (PubMed/MEDLINE, Google
Scholar, and the Cochrane Library) were systematically
searched for relevant articles from the date of
publication up to December 2022.

A combination of the following terms was used in the
search: “thyroid cancer” OR “thyroid carcinoma”,
“post-therapy  whole  body  scintigraphy”  OR
“post-therapy whole body scan” OR “WBS”, “iodine-131"
OR “I-131”, AND “time” OR “early” AND “delayed”.
Related articles were also manually searched, as were
any gray literature and the reference lists of the
preliminary yields.

Article titles and abstracts were then subjected to initial
screening, and relevant articles subsequently underwent
review of full texts. Any articles of which desired
information was found to be ambiguous during the
screening phase were automatically reviewed in full.

Inclusion criteria for studies were as follows: 1) study
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population of patients with well-differentiated thyroid
cancer who underwent RAIl therapy; 2) study population
must have undergone both early and delayed
post-therapy imaging; and 3) number of thyroid
remnants and metastatic lesions reported and detected
by experienced physician readers. Excluded from this
analysis were case reports, reviews, editorials, and
studies not written using the English language.

B. Data extraction and quality assessment

Data relevant to the study were extracted from the
included articles by means of a thorough review.
Information derived and thus reported include number
of thyroid remnant lesions detected; number of
metastatic lesions detected (nodal, lung, and/or bone,
whichever were available); the study’s primary
investigator; the year of publication; the country of
origin; the total population of subjects; the mean age;
the sex distribution; the diagnosis of the patients; the
imaging hardware and type of collimator used for
imaging; the mean administered dose for RAI; and the
temporal definitions for early and delayed imaging.

The quality of the included studies was evaluated using
the adapted Newcastle-Ottawa Quality Assessment Scale
[13, 14]. Articles were evaluated based on selection,
comparability of subjects, and outcome. The highest
total score that could be achieved was 10. A score of at
least 5 was considered satisfactory.

C. Data synthesis and statistical analysis

Statistical analyses were conducted using the Cochrane
Review Manager program (Rev. Man. 5.4.1) [15].
Comparison of lesion detection rates for early and
delayed imaging was done using odds ratios (OR) and
95% confidence intervals (Cl). The Mantel-Haenzel
method through a random-effects model was used in
pooling the ORs across all the included studies for each
outcome being measured. Two-tailed p values of < 0.05
were considered statistically significant for all analyses
done. Heterogeneity among studies was evaluated using
Cochran’s Q Chi-square test and I” statistics.

D. Sensitivity analysis and publication bias

Sensitivity analysis using the leave-one-out method was
done to examine the effect of each included study on the
overall results. Publication bias was assessed using the
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Begg and Mazumdar rank correlation test and Egger’s
regression test via the jamovi software (version 1.6
MAJOR) [16].

RESULTS

A. Literature search

There were initially 55 studies identified from databases
and manual searching. After duplication removal, 51
studies were kept for title and abstract screening as to
the relevancy to the topic of interest. Subsequently, 38
studies were excluded, while 13 articles were sought for
retrieval. Full text articles of 2 studies could not be
found. The remaining 11 studies were assessed in full for
eligibility. Of these, 2 studies were excluded because of
different outcome measures presented; while 3 other
studies were only available as conference abstracts that
did not provide enough data for comprehensive analysis.

Finally, a total of 6 studies were included in the
meta-analysis. Figure 1 shows a schematic diagram of
the study selection flow.

The included studies that encompassed post-therapy
scans done from 2009 to 2022 report on a variety of
detected lesions, namely number of thyroid remnants
and metastatic lesions in the lymph nodes, lungs, and
bones, with individual studies accounting for all or a
select combination of the aforementioned. The 6 stud-
ies, a majority of which were conducted in Asian
countries, involved a total of 691 patients with
well-differentiated thyroid cancer who underwent RAI
therapy with administered doses ranging from 1110 —
9250 megabecquerels (MBq). For these studies, early
imaging was done 3-4 days after RAI, while delayed
imaging was done 7-11 days after RAI. Five studies made
use of dual-head gamma cameras. A summary of the
characteristics of the included studies is shown in Table
1.

Identification of studies via databases and registers
c Records identified from:
-% Databases — PubMed, Ecergc;r;::i;gmoved before
o MEDLIME, Google Scholar, - : -
= || e Comvaneliray nzsn [TP| DU oo moved 0=
@ Manual searching and reasons (n = 0)
= reference lists (n = 6) -
| ¢
—
Records screened ) Records excluded
(n=51) (irrelevant to point of interest)
(n=38)
: !
= Reports sought for retrieval Reports not retrieved
3 (n=13) — | (could not be found)
3 J' (n=2)
Reports assessed for eligibility >
(n=11) Reports excluded:
) Different outcome measure (n = 2)
Abstract only, not enough data
(n=3)
b
E Studies included in analysis
4 (n=8)

FIGURE 1. Schematic diagram of the study selection process
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TABLE 1. Study characteristics of the included studies

Author Country Design N Thyroid CA Mean RAI  [Mean Age| Early Delayed Hardware Lesions
(Year) (M/F) PTC/FTC Activity Imaging | Imaging | (Collimator) Reported
Liu et al. (2022) |China Retrospective (161 152/9 3700 — 7400 MBq ¥4.75+ 3 days 7 days SPECT/CT-  [Remnants, Nodal,
(7] (68/93) (100 — 200 mC1) |(14.43 10 days  [Stemens Symbia [Lung
T2 (HEPH)
Salvatorietal.  [Italy Retrospective  |134 123/11 3700 - 7400 MBq 51 £16 |3 days 7 days Dual head — Remnants. Nodal,
(2013) [18] (31/103) (100 — 200 mCi) [unspecified]  |[Lung, Bone
(HEPH)
[Kodani et al. Tapan Retrospective 24 21/3 1850 —3700 MBq 1 3 days 7-9 days  [Dual head - Remnant, Lung,
(2012)[19] (10/14) (50 — 100 mCi) Philips PRISM  [Bone
2000XP (HEPH)
Lee etal (2011) [South Retrospective 81 79/2 3700 — 7400 MBq 52 13 [3 days 10 days  |[Dual head — Remnants
[10] [Korea (14/67) (100 — 200 mCi) WDAC Vertex  [*Unspecified
V60 (MEPH)  [Metastases
Chong et al. South Retrospective |52 45/7 5550 —9250 MBq [54 £16 3 days 7 days Dual head - GE  [Lung, Bone
(2010)[11] [Korea (16/36) (150 — 250 mCi) Millennium VG
(MEPH)
Hung et al. Taiwann  Retrospective 239 205/34 1110 -7400 MBq ¥5.8 £15 [3-4days  |10-11 days [Dual head - GE [Remnants. Nodal,
(2009)[9] (67/172) (30 — 200 mCi) [VatiCAM, Lung, Bone
(MEPH)

Legend: PTC - papillary thyroid carcinoma; FTC - follicular thyroid carcinoma; HEPH — high-energy parallel hole collimator; MEPH — medium-energy
parallel hole collimator

TABLE 2. Study quality assessment of the included studies based on the Newcastle-Ottawa criteria

SELECTION COMPA.RABILITY of OUTCOME Total Scores
subjects in different
Exposure  groups on basis of

Representativeness  Sample ascertainment  design or analysis with  Ascertainment

of cases size  Non-respondents /Risk factor  confounding factors ~ of outcome  Statistical Test
Lwetal 2022)[17]  # ¥ % i k ¥ 8
Salvatori etal. (2013)  * %
18] ¥ ¥k ¥% ¥ 8
Kodani et al. (2012)[19] * ¥ % i " 3 g
Leeetal Q011)[10] ¥ % o4 ¥ : g
Chong etal (2010)[11] * # % k i ¥ 9
Hungetal 2009)[9]  * ¥ % 0k ¥ 3 g
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B. Quality assessment

Quality assessment of the studies wusing the
Newcastle-Ottawa scale resulted in scores ranging from
8-9, indicating adequate and overall good quality of
study methodology. (Table 2)

C. Meta-analysis of included studies

Thyroid Remnants
Five of the 6 included studies reported detected thyroid
remnant lesions using post-therapy WBS at both early

and delayed imaging times for a total of 639 patients
with well-differentiated thyroid cancer. Among the 639
patients, early imaging detected 465 thyroid remnant
lesions (73%) while 452 lesions (71%) were detected
using delayed imaging. Figure 2 demonstrates that there
is no evidence to support that conducting post-therapy

WABS at either an early or delayed time is superior to the
other in detecting thyroid remnant lesions (OR 1.11; 95%
Cl 0.86 — 1.42; p = 0.42). Low heterogeneity was noted
in the analysis of thyroid remnant detection (I’= 0%;
Tau’ = 0.00; p = 0.83).

EarlyImaging  Delayed Imaging Odds Ratio (Odds Ratio

Studyor Subgroup  Events Total Events  Total Weight M.H,Random, 95% CI M-H, Random, 95% CI
Hung et al (2009) 168 230 161 239 41.0% 1.15(0.78,1.69) -
Kodani etal (2012) 15 U 15 U 45% 100[0.31,3.29)
Lea etal (2011) 67 8 B0 B 106% 168(0.78,358) -
Liuetal (2022) A 59 98 51 98 19.0% 1090.62,1.92) -t
Liuetal (2022) B i 63 {6 B3 97% 1.090.49,240)  —
Savatorietal (2013) 108 134 113 134 152% 0.81(0.43,153] —r=
Total (95% CI) 639 639 1000%  1.11[0.86,142) 3
Total events 465 457

e Tt @ 1 1] b= E{D= e } f : {
?eti;ngenew'.l T;u 1203 E(ihlp-_ﬁﬁ% if=5(P=083),F=0% n 0 i "
estfor overallefect Z= 081 (P=0.42) Favors Delayed Imaging Favors EarlyImaging
FIGURE 2. Thyroid remnants meta-analysis of early and delayed post-therapy WBS

Early Imaging  Delayed Imaging Odds Ratio Odds Ratio

Studyor Subgroup  Events Total Events  Total Weight M-H,Random,95% Cl M-H, Random, 95% CI
Hung et al (2009) 5 239 230 W% 1,32(0.85, 2.04] ILE
Liuetal (2022) A 29 9 36 98 221% 072(040,1.32) -
Liuetal (2022)B 63 19 B3 135% 06610.30,1.47) —rT
Salvatori etal (2013) 5 13 50 134 298% 1131069, 1.89) -+
Total (95% CI) 534 534 1000%  1.01[0.74,1.38) ¢
Total events 153 150

e Tt 11 17 PR -9/p= = } f : {
Heterogeneity. Tau®=0.02; Chi*= 3.87,df=3 (P=0.28); F= 2% " 0 g oo

Test for overall effect Z=0.04 (P=097)

Favors DelayedImaging Favors EarlyImaging

FIGURE 3. Nodal metastases meta-analysis of early and delayed post-therapy WBS
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Early Imaging  Delayed Imaging Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events  Total Weight M.H, Random, 95% Cl M-H, Random, 95% CI
Chong et al (2010) ! 36 52 159% 0.44(0.20,0.99] —*
Hung et al (2009) 1239 W 239 306% 1.25(0.76, 2.09) -
Kodani etal (2012) 5 U 5 U 62% 1.00(0.25,4.03] I R
Liu et al (2022) A 10 98 18 98 150% 051[0.22,1.1g] —
Liu etal (2022) B LI X b 63 6.8% 0.64[0.17,2.40] T
Salvatori etal (2013) % 13 3 130 265% 0.84(0.47,1.50] —=
Total (95% CI) 610 610 100.0% 0.79 [0.55,1.13] L
Total events 114 131
Heterogeneity. Tau®= 0.05; Chi*=6.54, df= 5 (F = 0.26), F= 24% 0o 0 1 0

Test for overall effect Z=1.28 (P=0.20)

Favors Delayed Imaging Favors Early Imaging

FIGURE 4. Lung metastases meta-analysis of early and delayed post-therapy WBS

EarlyImaging  Delayed Imaging Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events  Total Weight M-H,Random, 95% CI M-H, Random, 95% CI
Chong et al (2010) g A 14 52 250% 057(0.22,148) —
Hung et al (2009) 18 239 15 239 441% 1.22[060,247) —i—
Kodani etal (2012) i U 5 4 105% 0.76(0.18, 3.26) —_—rr
Salvatori etal (2013) [ 8 134 204% 0.87(0.31,247) 4
Total (95% CI) 449 449 100.0% 0.89[0.56,1.43) *
Total events 3% Ly,

e Tt @ 1 (11 (iR = == - | f : {
Heterogeneity. Tau*=0.00; Chi*=1.66, df= 3 (P = 0,65); F=0% 0 0] p e

Testfor overall effect 2= 047 (P = 0.64)

Favors Delayed Imaging Favors Early Imaging

FIGURE 5. Bone metastases meta-analysis of early and delayed post-therapy WBS

Nodal Metastases

Among the six included studies, there were 3 studies
that reported detected nodal metastatic lesions,
particularly cervical and mediastinal lymph nodes, using
post-therapy WBS at both early and delayed imaging
times. Of the 534 patients with well-differentiated
thyroid cancer involved in this analysis, early imaging
detected 153 nodal metastases (29%) while 150 lesions
(28%) were detected using delayed imaging. Figure 3
shows that there is no evidence to support that
conducting WBS at either an early or delayed time after
RAI therapy is superior to the other in detecting nodal
metastatic lesions (OR 1.01; 95% Cl 0.74-1.38; p = 0.97).
Low heterogeneity was noted in the analysis of nodal
metastasis detection (1’= 22%; Tau® = 0.02; p =0.28).
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Lung Metastases

Lung metastatic lesions detected using post-therapy
WBS at both early and delayed imaging times were
reported in 5 of 6 included studies, involving a total of
610 thyroid carcinoma patients who underwent RAl
therapy. Early imaging was able to detect 114 lung
metastases (19%), while delayed imaging detected 131
lesions (21%). Figure 4 shows that there is no evidence
to support that conducting WBS at either an early or
delayed time after RAl therapy is superior to the other in
detecting lung metastases (OR 0.79; 95% Cl 0.55 — 1.13;
p = 0.20). Low heterogeneity was noted in the analysis
of lung metastasis detection (I2= 24%; Tau® = 0.05;
p =0.26).

37



TABLE 3. Subgroup analysis of detected thyroid remnant and metastatic lesions based on collimator

Thyroid Remnant

Nodal Metastases

Lung Metastases Bone Metastases

OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p
HEPH 0.98 (0.69, 1.41) 0.93 0.89(0.63,1.25) | 0.49 | 0.73(0.48,1.11) | 0.14 | 0.83(0.36, 1.94) | 0.67
MEPH | 1.24(0.88, 1.75) 0.22 - - 0.78(0.29, 2.14) | 0.63 | 0.89(0.43,1.85) | 0.75

Bone Metastases

There were 4 out of the 6 included studies that reported
on detected bone metastatic lesions using post-RAI
therapy scans at both early and delayed imaging times.
This analysis involved 449 patients  with
well—differentiated thyroid cancer, and among them,
early imaging detected 38 bone metastatic lesions (8%)
while 42 lesions (9%) were detected using delayed
imaging. Figure 5 demonstrates that there is no evidence
to support that conducting WBS at either an early or
delayed time is superior to the other in detecting bone
metastases (OR 0.89; 95% Cl 0.56 — 1.43; p = 0.64). Low
heterogeneity was noted in the analysis of bone
metastasis detection (1= 0%; Tau® = 0.00; p = 0.65).

D. Subgroup analysis

Subgroup analysis was done based on the type of
collimator used in performing the post-therapy WBS.
There were 3 studies that used high-energy parallel hole
(HEPH) collimators, while the other 3 studies made use
of medium-energy parallel hole (MEPH) collimators.
There is no evidence to support that conducting WBS at
either an early or delayed time is superior to the other in
detecting thyroid remnants as well as nodal, lung, and
bone metastatic lesions (all p values >0.05) for both the
HEPH and the MEPH groups. The results of the subgroup
analysis according to collimator used are summarized in
Table 3.

E. Sensitivity analysis and publication bias

None of the studies were determined to be overly
influential on the results of the analyses conducted.
Neither the rank correlation nor the regression tests
suggested strong evidence for publication bias for all the
meta-analyses done (all p values > 0.05).
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DISCUSSION

The utility of post-therapy whole body scintigraphy
(WBS) has been attested to by several studies with its
superior sensitivity that allows the detection of more
tumors and metastases than would pre-therapy
diagnostic scans [20, 21]. Such information would
contribute to prognostication and management of
patients with thyroid carcinoma, guiding clinicians as to
which patients would need further diagnostic imaging,

closer monitoring, repeat radioactive iodine (RAI)
therapy, and even other forms of treatment outside RAI
[20, 22].

The question remains, however, whether there exists an
ideal time for conducting the post-therapy WBS. As in
any scintigraphic study, proper timing is crucial in
obtaining quality images. Imaging early may avoid
missing lesions due to washout [9], but a longer delay
helps in achieving optimal target-to-background ratios,
which may also improve lesion detection [21]. Because
the presence of a single metastatic lesion is enough to
change the staging and prognosis of a patient, as well as
influence monitoring and management, the ability of
[-131 whole body scintigraphy in detection of such
lesions must be optimized. Therefore, this meta-analysis
aims to compare early versus delayed imaging in
well-differentiated thyroid carcinoma patients who
received RAIl therapy in terms of lesion detection rate. To
the best knowledge of the researchers, this is the first
attempt made in this matter.

Based on the results of the conducted analyses, there is
currently no evidence to support that early or delayed
post-therapy WBS was superior to the other in
identifying thyroid remnants as well as metastatic lesions
in the lymph nodes, lungs, and bones. Subgroup analysis
according to the type of collimator used, whether
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high-energy parallel hole (HEPH) or medium-energy
parallel hole (MEPH), likewise revealed no statistically
significant difference between lesion detection rates of
early and delayed scanning across all 4 sites analyzed.

Although no evident overall difference was
demonstrated in thyroid remnant and metastatic lesion
detection rates of early and delayed post-therapy WBS,
these results should be interpreted while factoring in
certain conditions. Firstly, the influence of using single
photon emission computed tomography (SPECT) was not
assessed, given that it was utilized in only one of the
included studies [17]. The addition of SPECT, particularly
when combined with computed tomography (CT), has
been shown to be beneficial in the post-RAIl setting by
improving lesion detection and increasing confidence in
diagnostic interpretation [23, 24], compared to planar
scintigraphy alone. Additionally, the effect of previous
RAI therapy was likewise not explored. In a study by Oh
et al. [25], there were considerable differences in the
diagnostic performances of the post-therapy WBS in
patients who have undergone multiple RAl therapies
compared to those on their first treatment session, with
the latter showing greater sensitivity and specificity than
the former.

Proper patient preparation is vital to the satisfactory
conduction of any diagnostic test as well as the success
of any treatment procedure. For instance, following a
low iodine diet prior to RAI administration has been
shown to be associated with an increase in remnant
uptake [26]. Not all studies included in this analysis had
mention of the kind of patient preparation done as well
as the uniformity of preparation across patients (i.e.
whether all patients were compliant, and for how long);
and this may influence whether certain lesions may be
more visible on scanning or remain undetected.

In relation to other pretreatment processes that may
affect tracer uptake, most of the included studies in this
analysis did not mention whether patients underwent
diagnostic WBS prior to RAI therapy or not. Pre-therapy
WBS has been postulated to cause thyroid stunning and
though much controversy still exists regarding this
phenomenon, it has been associated with variable
degrees of reduced iodine-131 (I-131) uptake on the post
-therapy scan [27]. It is uncertain whether this may have
affected detection rates on the scans involved in this
analysis.
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Furthermore, it should be noted that the visual
interpretation of a diagnostic scan such as the post-
therapy WBS may be influenced by several factors
including but not limited to individual reader experience
and fatigue, individual patient characteristics such as
co-morbidities, technical aspects affecting image quality,

and availability of other diagnostic test results for
correlation. Several non-thyroid conditions may also
manifest with |-131 tracer uptake and thus, potentially
cause false positive scan interpretation [28].

This study possesses several limitations. There were only
a limited number of studies derived, of which a number
had small sample sizes. Included only were studies
written in the English language. This study also focused
primarily on lesion detection rate involving thyroid
remnants and nodal, lung, and bone metastases, and did
not account for the intensity of uptake of such lesions.
Lesion detection was based mostly on the ability of
expert physician readers in interpreting the scans. Not all
the studies did confirmatory work-up via pathologic
biopsy or correlation with anatomic imaging, such as
computed tomography (CT) and magnetic resonance
imaging (MRI).  Finally, the imaging hardware and
protocols used were varied across the studies included,
depending on specific country guidelines, respective
institutional preferences, and equipment availability.

CONCLUSION

This meta-analysis did not show a significant difference
between early and delayed post-therapy whole body
scintigraphy in terms of detecting thyroid remnants and
nodal, lung, and bone metastases in patients with
well-differentiated thyroid carcinoma. This finding
supports the recommended timing range provided by
current practice guidelines.
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Appendix 1: MOOSE Checklist for Meta-analyses of Observational Studies

Item . Reported
No Recommendation on Page No
Reporting of background should include
1 Problem definition 3
2 Hypothesis statement -
3 Description of study outcome(s) 3
4 Type of exposure or intervention used 3
5 Type of study designs used 3-4
6 Study population 3-4
Reporting of search strategy should include
7 Qualifications of searchers (eg, librarians and investigators) Title, 4
8 Search strategy, including time period included in the synthesis and key words 4
9 Effort to include all available studies, including contact with authors 4
10 Databases and registries searched 4
11 Search software used, name and version, including special features used (eg, explosion) 4
12 Use of hand searching (eg, reference lists of obtained articles) 4
13 List of citations located and those excluded, including justification 4
14 Method of addressing articles published in languages other than English -
15 Method of handling abstracts and unpublished studies 4
16 Description of any contact with authors -
Reporting of methods should include
17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be test- 3.4
ed
18 Rationale for the selection and coding of data (eg, sound clinical principles or convenience) 3-4
19 Documentation of how data were classified and coded (eg, multiple raters, blinding and interrater relia- 3-4
20 Assessment of confounding (eg, comparability of cases and controls in studies where appropriate) -
21 Assessment of study quality, including blinding of quality assessors, stratification or regression on possi- 4.5
ble predictors of study results
22 Assessment of heterogeneity 5
Description of statistical methods (eg, complete description of fixed or random effects models, justifica-
23 tion of whether the chosen models account for predictors of study results, dose-response models, or 5
cumulative meta-analysis) in sufficient detail to be replicated
24 Provision of appropriate tables and graphics 6-7;
Reporting of results should include
25 Graphic summarizing individual study estimates and overall estimate 6-7;
26 Table giving descriptive information for each study included 7,
27 Results of sensitivity testing (eg, subgroup analysis) 10-11
28 Indication of statistical uncertainty of findings 8-11
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| R
Item Recommendation eported
No on Page
Reporting of discussion should include
29 Quantitative assessment of bias (eg, publication bias) 11
30 Justification for exclusion (eg, exclusion of non-English language citations) 13
31 Assessment of quality of included studies 7
Reporting of conclusions should include
32 Consideration of alternative explanations for observed results 11-12
33 Generalization of the conclusions (ie, appropriate for the data presented and within the domain of the 11-12
34 Guidelines for future research -
35 Disclosure of funding source -

From: Stroup DF, Berlin JA, Morton SC, et al, for the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
Group. Meta-analysis of Observational Studies in Epidemiology. A Proposal for Reporting. JAMA. 2000;283(15):2008-
2012. doi: 10.1001/jama.283.15.2008.
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