Received: 13 September 2021

Revised: 21 December 2021

W) Check for updates

Accepted: 9 January 2022

DOI: 10.1111/cen.14688

ORIGINAL ARTICLE

WILEY

Preoperative imaging in primary hyperparathyroidism: Are
11Cc-Choline PET/CT and *°™Tc-MIBI/'%3lodide subtraction
SPECT/CT interchangeable or do they supplement each other?

Julie W. Christensen?
Finn N. Bennedbaek® |
Waldemar Trolle* |
Martin Krakauer'

1Department of Nuclear Medicine, Herlev and
Gentofte Hospital, Herlev, Denmark

2Department of Clinical Physiology and
Nuclear Medicine, Bispebjerg and
Frederiksberg Hospital, Copenhagen,
Denmark

*Division of Endocrinology, Department of
Medicine, Herlev and Gentofte Hospital,
Herlev, Denmark

“Department of Otorhinolaryngology and
Neck Surgery, North Zealand Hospital,
Hilleroed, Denmark

5Department of Otorhinolaryngology and
Neck Surgery, Rigshospitalet, Copenhagen,
Denmark

Correspondence

Julie W. Christensen, Department of Nuclear
Medicine, Herlev & Gentofte Hospital,
Borgmester Ib Juuls Vej 71, 2730 Herlev,
Denmark.

Email: juliewulfc@gmail.com

Funding information

Scientific Committee of Herlev University
Hospital

| Afefah Ismail¥? | Susanne B. Sendergaard? |
Birte Nygaard?® |
Christoffer Holst-Hahn®

Lars T. Jensen? |

| Bo Zerahn! | Bent Kristensen?

Abstract

Objective: Preoperative location of hyperfunctioning parathyroid glands (HPGs) is vital
when planning minimally invasive surgery in patients with primary hyperparathyroidism
(PHPT). Dual-isotope subtraction scintigraphy with “"™Tc-MIBI/*?%lodide using
SPECT/CT and planar pinhole imaging (Di-SPECT) has shown high sensitivity, but is
challenged by high radiation dose, time consumption and cost. 1C-Choline PET/CT
(faster with a lower radiation dose) is non-inferior to Di-SPECT. We aim to clarify to
what extent the two are interchangeable and how often there are discrepancies.
Design: This is a prospective, GCP-controlled cohort study.

Patients and Measurements: One hundred patients diagnosed with PHPT were
included and underwent both imaging modalities before parathyroidectomy. Clinical
implications of differences between imaging findings and negative imaging results
were assessed. Surgical findings confirmed by biochemistry and pathology served as
reference standard.

Results: Among the 90 patients cured by parathyroidectomy, sensitivity was 82%
(95% confidence interval [Cl]: 74%-88%) and 87% (95% Cl: 79%-92%) for Choline
PET and Di-SPECT, respectively, p = .88. In seven cases at least one imaging modality
found no HPG. Of these, neither modality found any true HPGs and only two were
cured by surgery. When a positive finding in one modality was incorrect, the
alternative modality was correct in approximately half of the cases.

Conclusion: Choline PET and Di-SPECT performed equally well and are both ap-
propriate as first-line imaging modalities for preoperative imaging of PHPT. When
the first-line modality fails to locate an HPG, additional preoperative imaging with

the alternate modality offers no benefit. However, if parathyroidectomy is
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surgery.
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1 | INTRODUCTION

Primary hyperparathyroidism (PHPT) is caused by one or more hy-
perfunctioning parathyroid glands (HPGs). An increase in plasma
parathyroid hormone (PTH) results in bone loss and increases the risk
of kidney stones. Symptoms may be mild and nonspecific but can
involve numerous organ systems, including gastrointestinal, meta-
bolic, musculoskeletal, and cerebral systems. PHPT is fairly common,
with over 100 new cases annually per million Danish citizens, and
primarily affects women aged 40-70 years.’ >

Diagnosis is often based on an incidental finding of hypercalce-
mia and standard curative treatment is parathyroidectomy (PTx), with
the most common indications in Denmark being: P-Ca** repeatedly
>1.45 mmol/L or mild hypercalcaemia (P-Ca** 1.32-1.45 mmol/L)
combined with age <50 years, reduced creatinine clearance, BMD
T-score < -2.5 in lumbar spine, hip or distal forearm, low-energy
fracture, kidney stones or nephrocalcinosis, and peptic ulcer.>**

Due to the small size of HPG(s), preoperative visualisation and
localisation are imperative for the surgeon to plan minimally invasive
surgery. Several imaging methods are available for this purpose. One
widely used method is dual-isotope subtraction parathyroid scinti-
graphy with ?°™Tc-MIBI and 12%lodide including SPECT/CT and pla-
nar pinhole imaging (Di-SPECT), which has a high diagnostic accuracy
(sensitivity 82%-93%""/) and was proven superior to both single-
isotope MIBI planar and SPECT/CT imaging and to dual-isotope
subtraction scintigraphy with single isotope SPECT/CT (sensitivities
17%-89%).° 1° Due to the high cost, time consumption (<4.5 h) and
radiation dose (=13 mSv) alternative modalities such as positron
emission tomography/computed tomography (PET/CT) using carbon-
11-labelled choline (*'C-Choline) as the tracer (Choline PET) have
been evaluated and found promising with sensitivity as high as
87%-97%.'1 14

Other widely used methods include 4D-CT and ultrasound, both
of which have previously been found to have varying sensitivity,
55%-85% and 29%-81%, respectively.””*>~17 Additionally, the ac-
curacy of any method will be affected by local availability and
expertise.

This prospective cohort study compares the performance of
Choline PET and our standard method (Di-SPECT) using surgical
findings, confirmed by pathology and intra- and postoperative bio-
chemistry, as the reference standard. We have previously found
Choline PET to be non-inferior to Di-SPECT. Here, we investigate
whether the two modalities find the same HPGs, or whether they
differ and would therefore be supplementary to each other.

unsuccessful, additional imaging with the alternate modality has merit before repeat

11C-Choline PET/CT, *™Tc-MIBI/*?3lodide subtraction SPECT/CT, hyperparathyroidism,
method comparison, parathyroidectomy, preoperative imaging, prospective cohort

Choline PET is preferable with regard to acquisition time, radia-
tion burden and cost but is only accessible in centres with access to a
cyclotron. Therefore, the first-line modality will vary depending on
availability. With this study we hope to clarify when one modality
may be more effective than the other, and if the alternate method

contributes additional information if the first one fails.

2 | MATERIALS AND METHODS

The study was conducted in accordance with the Helsinki 2 de-
claration and the International Council for Harmonisation Guideline
for Good Clinical Practice (ICH_GCP), approved by the Research
Ethics Committee of the Capital Region of Denmark (Journal-nr.:H-
18012490, date of approval: 18 June 2018) and the Danish Medi-
cines Agency (EudraCT no. 2018-000726-63, date of approval:
6 June 2018). The GCP-unit in Eastern Denmark has carried out
regular monitoring of the trial in accordance with GCP (ID: 2018-
1050; GCP: Good Clinical Practice).

2.1 | Patients
Patients were included consecutively from the Department of Med-
icine, Division of Endocrinology, Herlev and Gentofte Hospital,
Denmark, from 19 August 2018 to 7 September 2020. All patients
were diagnosed with PHPT. For details on inclusion and exclusion
criteria, please refer to our previous publication.*®
P-Ca**, P-PTH and 25-OH-vitamin D were routinely measured
before and after surgery. Any patient with low 25-OH-vitamin D
immediately commenced vitamin D3 supplements, and normalisation
of vitamin D status was documented in all patients before surgery.
Written consent has been obtained from each patient after full

information of the purpose and nature of all procedures used.

2.2 | Image acquisition and analysis
The order of Choline PET and Di-SPECT scans varied depending on
availability.

All images were analysed by one of two nuclear medicine spe-
cialists, each an expert in their respective imaging modality (Choline
PET or Di-SPECT). Readers recorded the number of HPGs and their
location relative to the thyroid gland as well as the readers’ subjective
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certainty of each individual assessment (‘low’, ‘moderate’ or ‘high’).
Readers were blinded to each other's results.

Planar pinhole and SPECT/CT images were acquired on a Philips
Skylight gamma-camera (Philips Healthcare) and a Siemens Symbia
Intevo SPECT/CT scanner (Siemens Healthineers), respectively, in the
Department of Nuclear Medicine, Herlev and Gentofte Hospital,
Denmark. CT was performed as a non-enhanced diagnostic scan
while pinhole and SPECT parameters were performed as previously
published” except that the SPECT acquisition was performed as a
dual-isotope scan.

11C-Choline was synthesized in the Cyclotron and Radio-
chemistry Unit at the same department using the Scansys synthesis
module (Scansys Laboratorieteknik). Acquisition started 10 min
(£5 min) after injection of 400 MBq on a Siemens Biograph mCT 64
slice (Siemens Healthineers). CT scans were performed in diagnostic
quality without contrast.

Di-SPECT images were analysed using QOasis software (Segami,
Columbia), MIM (MIM Software Inc.) and Choline PET images were
analysed using Syngo.Via (Siemens Healthineers). Please refer to our
previous publication for further acquisition and analysis details.*®

See Figure 1 for typical images of a patient with parathyroid
adenoma, and Figure 2 for images of a patient with parathyroid
hyperplasia.

2.3 | Surgery and follow-up

Surgery was performed by one of eight head and neck surgeons with
extensive thyroid/parathyroid experience. Results from both imaging
modalities were available preoperatively. An intraoperative P-PTH
decrease of 250% or normalisation indicated successful surgery. In
case of minor P-PTH decrease, the surgeon continued systematic
neck exploration to identify the HPG(s).

Results from both imaging modalities were available to the sur-
geons to ensure the most optimal circumstances for positive surgical
outcome. The best approach to surgery was discussed in multi-
disciplinary conferences and if the imaging results were discordant,
surgeons would primarily follow the results from the Di-SPECT. How-
ever, it was always the surgeon's prerogative to remove suspect tissue.

Surgeons noted the number and weight of removed HPGs, their
location relative to the thyroid gland, and concurrence with imaging
results. All removed tissue was histologically classified by an
experienced pathologist.

Postoperative follow-up was carried out after 2-3 weeks by the
surgeons and after 1-3 months at the Department of Medicine,
Division of Endocrinology, Herlev and Gentofte Hospital, Denmark,

and included a clinical and biochemical evaluation.

2.4 | Statistical analysis

Location of the surgically removed tissue, confirmed by pathology
as hyperfunctioning parathyroid tissue and normalisation of

postoperative biochemistry served as the reference standard. Only
patients who were cured by PTx and for whom the true location of all
potential HPGs was available to us were included in the statistical
calculations.

At the patient level, sensitivities of Choline PET and Di-SPECT
were calculated, where ‘positive’ was defined as a patient in whom
one or more HPGs were found. As all patients were clinically diag-
nosed with PHPT and thus neither ‘true negatives’ nor ‘false posi-
tives’ should have existed, specificity was not relevant. At the gland
level, however, calculation of both sensitivity and specificity was
relevant because a single parathyroid gland could be either a true
negative or true positive. We adjusted for clustered observations (i.e.,
multiple observations per patient) using a ‘sandwich estimator’ of
variance with correlation adjusted confidence intervals (Cls).*8? All
statistical calculations were done using the statistical software R,
version 4.0.2, June 2020 (R core Team (2020). R: A language and
environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/), and
the following packages: clubSandwich, clust.bin.pair, coninterpret,
PropCls, readxl, and tableone.

For simplicity, we assumed exactly four parathyroid glands per
patient.

A confidence level of 95% was chosen, and all reported p values
are exact. For further statistical details, please refer to our previous

publication.*®

3 | RESULTS

3.1 | Patient characteristics

A total of 100 patients met the inclusion criteria as defined in a
previous publication’® and were included in the study. Patients were
predominantly female (71%) with a median age of 62 years (range:
24-84 years). See Table 1 for baseline characteristics and Figure 3 for
inclusion flow.

Seventeen patients with verified PHPT were screened for in-
clusion but did not meet inclusion criteria. Another 17 patients were
excluded after inclusion. These 34 patients did not differ from the
included patient population with regard to age, gender or pre-
operative P-Ca*™ or P-PTH.

Biochemistry (i.e., haematologic, hepatic and renal biomarkers) at

inclusion was within normal range.

3.2 | Imaging and surgery

All patients underwent both imaging modalities. Reader certainty was
high overall (75% and 76% in Choline PET and Di-SPECT, respectively).
Surgery was performed 1-66 weeks after imaging. Pathology con-
firmed or refuted the presence of hyperfunctioning parathyroid tissue
in the surgical specimens. Details on number of HPGs and certainty of
imaging findings are shown in the Supporting Information (S1) and
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FIGURE 1 Images of a patient diagnosed with
18082020 1908 { ‘ ) primary hyperparathyroidism. Parathyroid

e . W oA ' | adenoma. Top*::C-Choline PET/CT. Middle:

‘ Dual-isotope subtraction parathyroid scintigraphy
with ??™Tc-MIBI and *?*lodide SPECT/CT. Bottom:
Dual-isotope subtraction planar pinhole image.
Arrows mark the suspected hyperfunctioning
parathyroid gland in the upper left quadrant of the
thyroid gland. The suspected HPG was surgically
removed and pathology showed parathyroid
adenoma [Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 2 Images of a patient diagnosed with
primary hyperparathyroidism. Parathyroid
hyperplasia. Top'':C-Choline PET/CT. Middle:
Dual-isotope subtraction parathyroid scintigraphy
with *™Tc-MIBI and *#*lodide SPECT/CT. Bottom:
Dual-isotope subtraction planar pinhole image.
Arrows mark the suspected hyperfunctioning
parathyroid gland in the lower right quadrant of the
thyroid gland. The suspected HPG was surgically
removed and pathology showed parathyroid
hyperplasia [Color figure can be viewed at
wileyonlinelibrary.com]



https://wileyonlinelibrary.com

LLWI LEY

CHRISTENSEN ET AL.

surgical results, in S2. Of the 123 specimens removed during surgery,

23 (19%) contained no hyperfunctioning parathyroid tissue.

3.3 | Follow-up
The first postoperative follow-up was scheduled 1-6 months after
surgery. At each follow-up, the endocrinologist evaluated the success

of the surgery based on pathology (adenoma or hyperplasia),

TABLE 1 Baseline patient characteristics
N

Number of patients, n 100
Gender Male 29

Female 71

Median Range
Age at inclusion (years) 62 (24-84)
Height (cm) 171 (148-193)
Weight (kg) 79 (45-132)
BMI (kg/m?) 26.6 (17.7-41.7)
Preoperative P-PTH (pmol/L) 17.1 (4.9-57.1)
Preoperative P-Ca*™* (mmol/L) 1.49 (1.33-1.76)
Weeks between scans® 3 (0.1-16)
Weeks from final scan to surgery 18 (0.7-66)
Weeks of postoperative follow-up 51 (5-107)

Note: PTH: Parathyroid hormone, reference value: 2.0-8.5. Ca*™": lonized
Calcium, reference value: 1.18-1.32.

aScans were performed on separate days. The order depended on
availability and access to each scanner.

[ 134 patients were screened for inclusion ]

normalized biochemistry and improvement of symptoms. One patient
had below-normal P-PTH at first follow-up while P-PTH was above
the lower limit after 6 months. Slight transient hypocalcaemia was
found in one patient after 6 months (p-Ca**=1.15 mmol/L), while
slight hypocalcaemia occurred in five patients at the end of follow-up.
All had p-Ca™ =1.16 mmol/L, which was deemed clinically incon-
sequential by the treating endocrinologist. Out of the 100 patients,
90 were cured by surgery.

Out of the 90 cured patients, 2 had ambiguous pathology (i.e., no
certain hyperfunctioning parathyroid tissue removed) but normalized
postoperative P-Ca*™ indicating the true parathyroid was most likely re-
moved during hemi-thyroidectomy but overlooked in pathology, or per-
haps had the blood supply been severed eight surgical procedures were
unsuccessful, and in two cases postoperative findings were inconclusive.

Postoperative follow-up ranged from 5 to 107 weeks. Most pa-
tients were followed for up to 1 year as outpatients. One patient died
of illness not related to PHPT or surgery after only 5 weeks and
another was transferred to follow-up at general practice after
9 weeks. In the remaining patients, follow-up was 26 months.

The maximal preoperative P-Ca** and P-PTH values were re-
gistered and values monitored at each follow-up. The maximal rather
than most recent preoperative measurements were chosen because
these data were used for clinical decision-making in the presented
cohort. The evolution of P-Ca*™* and P-PTH is displayed in the
Supporting Information (S3). Two patients had elevated P-Ca** at the
first follow-up. These later decreased to within-normal range. Some
(10%) cured patients had P-Ca** within normal range despite per-
sistently elevated P-PTH.

Sensitivities and specificities are displayed in Table 2. Sensitivity
at the gland level (n = 400 glands) was high: 87% (95% Cl: 80%-93%)
and 82% (95% Cl: 73%-88%) for Di-SPECT and Choline PET, re-
spectively. Exclusion of unsuccessful surgeries had little effect on

results.

Did not meet inclusion criteria (17)
Ongoing thyroxine treatment (5)
Unwilling to participate (5)
Unwilling to undergo surgery or contraindication to surgery (4)
Concomitant cancer (2)
Language barrier made informed consent impossible (1)

[ 117 patients were included ]

Excluded prior to imaging (17)
Withdrew consent (11)
Unable to complete project imaging prior to scheduled surgery (5)
Adenocarcinoma discovered on project imaging (1)

[ 100 patients completed imaging, surgery and post-OP evaluation prior to 8. January 2021 ]

FIGURE 3

Inclusion flow from Department of Medicine, Division of Endocrinology, Herlev and Gentofte Hospital, Denmark
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TABLE 2 Sensitivity and specificity of Choline PET and Di-SPECT (assuming four parathyroid glands per patient)
Choline PET Di-SPECT
N Sensitivity  (95% Cl) Specificity (95% Cl) Sensitivity  (95% Cl) Specificity (95% Cl) p

All patients 400 81.6 (73.4-87.6) 929 (89.2-95.5) 87.4 (79.6-92.5) 94.3 (90.3-96.7) .89
Subgroup analysis
Cured patients only 360 820 (73.8-88.0) 94.6 (91.6-96.6) 87.0 (79.0-92.2) 95.8 (92.7-97.6) .88
Nodular thyroid 44 88.9 (45.9-98.7) 94.3 (63.6-99.4) 88.9 (45.9-98.7) 88.6 (45.1-98.7) .62
>1 HPGs 40 65.0 (49.0-78.2) 90 (82.3-94.6) 85.0 (63.7-94.8) 100 (100-100) 72
Adenoma® 304 86.6 (77.8-92.2) 959 (92.8-97.8) 89.0 (80.4-94.1) 95.9 (92.3-97.9) .84
Hyperplasia” 60 60.0 (41.4-76.1) 85.0 (72.7-92.3) 85.0 (63.5-94.9) 925 (79.1-97.6) .81
Reader certainty low 72 64.7 (42.7-81.8) 78.2 (59.3-89.8) 76.5 (51.6-90.8) 92.7 (80.7-97.5) .21

(Choline PET)“
Reader certainty low 48 727 (42.9-90.4) 91.9 (76.1-97.6) 72.7 (42.9-90.4) 78.4 (50.5-92.8) .27

(Di-SPECT)?

2Seventy-six patients had at least one pathologically confirmed parathyroid adenoma.

bFifteen patients had at least one pathologically confirmed parathyroid hyperplasia.

“Eighteen patients had at least one HPG of low reader certainty on Choline PET scan.

%Twelve patients had at least one HPG of low reader certainty on Di-SPECT scan.

A nodular thyroid as evaluated on *?*lodide pinhole images was
present in 11 cases, whereas 89 had a normal or slightly in-
homogeneous uptake. Only seven (64%) of these were cured after
surgery, so the condition is detrimental to surgical outcome. How-
ever, as our subsequent calculations are based upon cured patients
only, sensitivity remains high for both modalities. This indicates that
imaging is equally hampered by nodular thyroids as is surgery, but not
more so.

Ten patients had more than one surgically confirmed HPG.
Choline PET sensitivity in this subgroup appeared lower than in the
total population at 65% (95% Cl: 49%-78%), whereas Di-SPECT
was unchanged at 85% (95% Cl: 64%-95%). This difference was,
however, not statistically significant (p =.72).

In 18 patients, one or more presumed HPG(s) had a low certainty
score on Choline PET. The same was true in 12 patients when using
Di-SPECT. Sensitivities were lower in patients where either reader
was uncertain. There were no significant differences between mod-
alities as p values remained above 0.2, but the group sizes were small.

Of the 100 included patients, 3 had previously undergone
parathyroid surgery. In two cases, a single parathyroid adenoma was
removed, and in the third no HPG was found despite neck explora-
tion. The former two were cured by re-PTx, while the latter was not.
During follow-up, no recurrence after previously deemed successful

surgery was noted.

4 | DISCUSSION

The diagnostic performance of the two imaging modalities showed no
statistically significant differences in terms of sensitivity or specificity.
The diagnostic value of Choline PET/CT (*8F or 1C) compared to

conventional methods (primarily Di-SPECT or **™Tc-MIBI SPECT) has
previously been found to be high with sensitivity above 87% and
scintigraphy sensitivity slightly lower at 61%-81%.572>2°"2% |n pa-
tients where prior imaging (i.e., SPECT or ultrasound scanning) has
been negative or inconclusive, Choline PET/CT (*®F or 'C) has
demonstrated sensitivity up to 97% thus holding promise in this
setting also.' #2427

In the total patient population, sensitivity at both the patient and
gland level are equivalent. The two modalities found almost the same
number of HPGs (PET Choline: 105 and Di-SPECT: 107 HPGs in total)
and had the same number of high reader-certainty findings (75% and
76% of HPGs). The weight of HPGs (median 410 mg) is lower than in
previous publications, for example, Krakauer et al.” (median 665 mg)
and Beheshti et al.?° (median 1000 mg). This is likely due to earlier
disease detection owing to increased use of P-Ca*™ measurements in
routine diagnostic workup. The smaller HPG size might explain the
slightly lower sensitivity of Choline PET in our study compared to the
aforementioned studies.’*?* Others have reported a sensitivity of
98.8%, but as they included inconclusive HPG-foci as positive results,
their cut-off was likely different from the present study.’*

In the subgroup analysis sensitivities are generally high, although
Choline PET is slightly negatively affected by multiglandular disease as
well as hyperplastic parathyroid glands. These results are, however,
less certain due to smaller subgroups (10 and 15 patients, respec-
tively). The apparent difference in patients with hyperplastic para-
thyroid glands is likely due to the lower contrast between HPGs and
thyroid tissue on Choline PET images as compared to Di-SPECT ima-
ges. Both thyroid tissue and HPGs exhibit choline uptake which can
render the typically smaller hyperplastic parathyroid glands difficult to
separate from thyroid tissue. A slightly longer interval from injection to

image acquisition may allow for more washout from the thyroid gland,
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which may in turn render HPGs more visible on Choline PET. The
similar results found when analysing only patients with multiple HPGs
is not surprising due to the overlap of these groups (50% of patients
with multiple HPGs have at least one hyperplastic gland).

A hampering effect on imaging by nodular thyroids has been
reported while others do not find this.,A lower sensitivity in patients
with hyperplasia than adenoma and among patients with multi gland
disease than uniglandular disease has been reported for Di-SPECT,
while Choline has not been investigated.??*°

In patients with at least one HPG of ‘low reader certainty’ on Choline
PET, decreased sensitivity is not surprising and the corresponding lower
sensitivity on Di-SPECT demonstrates that HPGs in these patients are in
fact more difficult to locate. Therefore, patients would not likely benefit
from additional imaging using Di-SPECT before PTx.

While Choline PET and Di-SPECT appear widely interchangeable,
sensitivity is not 100%. Therefore it is relevant to investigate if the
modalities overlook the same HPGs or if they could supplement each
other. We will address this in two parts: Preoperative (i.e., if no HPGs
are located on first-line imaging, would additional preoperative
second-line imaging be beneficial?) and Postoperative (i.e., if PTx is
unsuccessful after first-line imaging, would additional second-line

imaging be beneficial before repeat surgery?)

4.1 | Preoperative: If no HPGs are located on
first-line imaging, would additional preoperative
second-line imaging be beneficial?

In three and five cases, Choline PET and Di-SPECT found no HPG,
respectively. In these cases, the alternative modality never identified
all true HPGs, and only two of the seven ensuing PTx's were suc-
cessful (Supporting Information, S4).

Imaging in these patients was challenged by a nodular thyroid in
three patients (43%) and very small HPG(s) (median weight 195 mg).
There were no differences between BMI, preoperative P-PTH or P-
Ca*™* values when compared to the larger group.

It is thus unlikely that incremental information can be gained
from the alternative modality if the first is negative. Furthermore, a
negative scan of either kind should prompt thorough considerations
about whether or not to perform PTx, choice of the surgeon's level of
expertise, and managing patient expectations of surgical outcome.

4.2 | Postoperative: If PTx is unsuccessful after
first-line imaging, would additional second-line
imaging be beneficial before repeat surgery?

To address this, we evaluated all patients where either imaging
modality was incorrect when compared to the reference standard
(patients where imaging found nothing, found only one of two true
HPGs or simply pointed to the wrong location; Table 3).

Choline PET was not completely correct in 19 cases; negative

imaging in 3 cases, only one of two true HPGs identified in 6 cases and

TABLE 3 Correct and incorrect results of Choline PET and
Di-SPECT

Of these Di-SPECT

Choline PET incorrect (N = 19) Cases correct
Negative 3 0
Finds only one of two true HPGs 6 4
Incorrect location 10 6
Total 19 10

Of these Choline
Di-SPECT incorrect (N = 15) Cases PET correct
Negative 5 0
Finds only one of two true HPGs 3 1
Incorrect location 7 6
Total 15 7

in 10 cases the reported location was wrong. Out of these 19 patients,
Di-SPECT was correct in approximately half (10 of 19 cases).

Comparably, in 15 cases, Di-SPECT was not completely correct;
negative imaging in 5 cases, only one of two true HPGs identified in 3
cases and in 7 cases the reported location was wrong. Again, of these
15 patients, Choline PET was correct in approx. half (7 of 15 cases).

In the patients where at least one of the two imaging modalities
was incorrect or only partially correct, the HPGs were smaller (mean
weight 327 mg) and the frequency of hyperplastic glands higher
(40%) than in the overall group, potentially contributing to more
difficult assessment. Gender and BMI were similar to the overall
patient population. The clinical implication is that if PTx is un-
successful and repeat surgery is considered, imaging with the alter-
nate modality may provide useful information.

Though the method entails a short acquisition time (=10 min) and
a lower radiation dose (=6.6 mSv),*C-Choline has a short half-life of
only 20 min and therefore can only be performed in centres with an
on-site cyclotron and radiochemistry facilities. A cyclotron is not
imperative when using ®F Choline, due to its longer half-life
(=110 min),>* and *C Choline and ®F Choline is probably inter-

changeable in terms of sensitivity.®”

4.3 | Challenges
The project was conducted during the COVID-19 pandemic, and al-
though this has not affected the quality of imaging, surgery, pathology

or follow-up, it may have delayed diagnostic work-up and surgery.

5 | CONCLUSIONS

In this prospective, GCP-controlled cohort study we confirmed that
overall Choline PET can contribute clinically useful information as

accurately as Di-SPECT in preoperative localisation of HPGs in PHPT.
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Results also indicated a high risk of futile surgery in patients with
negative preoperative imaging, whether it be Choline PET or
Di-SPECT. Negative preoperative imaging should prompt considera-
tions regarding choice of surgical technique and level of experience
of the surgeon. Also, little can be gained from additional preoperative
imaging when one modality has been negative.

Regardless of modality, approximately half of patients with un-
successful surgery after a positive finding on the first-line imaging
modality would benefit from second-line imaging before repeating
surgery.

Taking other benefits of Choline PET into account (i.e., radiation
dose, time consumption, price and patient satisfaction) the overall
results support introducing *C-Choline PET/CT as a prudent first-

line modality for the preoperative localisation of HPGs.
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