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I8F-Dihydroxyphenylalanine PET in Patients with
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Cancer: Relation to Tumor Differentiation
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Curative treatment for recurrent medullary thyroid cancer
(MTC), diagnosed by rising serum calcitonin, is surgery, but
tumor localization is difficult. Therefore, the value of '8F-dihy-
droxyphenylanaline PET ('8F-DOPA PET), '8F-FDG PET, ®°mTc-
V-di-mercaptosulfuricacid (DMSA-V) scintigraphy, and MRI or CT
was studied. Methods: Twenty-one patients with biochemical
recurrent or residual MTC underwent '8F-DOPA PET, '8F-FDG
PET, DMSA-V scintigraphy, and MRI or CT. Patient- and lesion-
based sensitivities were calculated using a composite reference
consisting of all imaging modalities. Results: In 76% of all pa-
tients with MTC, one or more imaging modalities was positive
for MTC lesions. In 6 of 8 patients with a calcitonin level of <500
ng/L, imaging results were negative. In 15 patients with positive
imaging results, '8F-DOPA PET detected 13 (sensitivity, 62%;
with 4.6 lesions per patient [Ipp]). Morphologic imaging (n = 19)
was positive in 7 (sensitivity, 37%; 4.7 Ipp), DMSA-V (n = 18) in
5 (sensitivity, 28%; 1.1 Ipp), and '8F-FDG PET (n = 17) in 4 (sen-
sitivity, 24%; 1.6 Ipp). In a lesion-based analysis, 8F-DOPA PET
detected 95 of 134 lesions (sensitivity, 71%), morphologic imaging
detected 80 of 126 (sensitivity, 64%), DMSA-V detected 20 of 108
(sensitivity, 19%), and '8F-FDG PET detected 48 of 102 (sensi-
tivity, 30%). In 2 of 3 patients with a calcitonin/carcinoembryonic
antigen (CEA) doubling time of =12 mo, '8F-FDG PET performed
better than '8FDOPA PET; in the third patient, '8F-FDG PET
was not performed. Conclusion: MTC lesions are best detect-
able when serum calcitonin was >500 ng/L. '8F-DOPA PET is
superior to '8F-FDG PET, DMSA-V, and morphologic imaging.
With short calcitonin doubling times (=12 mo), '8F-FDG PET
may be superior.
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Medullary thyroid carcinoma (MTC) originates from
the parafollicular C-cells of the thyroid. It accounts for 3%—
10% of all thyroid malignancies (/). Because C cells pro-
duce calcitonin, this hormone serves as a reliable tumor
marker for MTC. Another frequently used marker is car-
cinoembryonic antigen (CEA) (/,2). Calcitonin doubling
time can be helpful in the judgment of the clinical course
(3,4), although the transition to progressive disease with
overt metastases is often unpredictable.

Thus far, surgery consisting of a total thyroidectomy and
extensive lymph node dissection is the only effective curative
treatment (5-8) in primary MTC. However, after clinical
curative surgery, biochemical cure rates vary from 34% to
44%. Again, the only curative treatment option in these pa-
tients with residual or recurrent disease after initial treatment
is further surgery. However, surgery can be successful only
when the surgeon is accurately informed about the location
of local and distant metastases and usually only when re-
sidual or recurrent MTC is confined to the neck.

Therefore, it is important to identify the source of the
increased calcitonin as early as possible. However, the source
of calcitonin production is hard to identify with conven-
tional medical imaging and therefore distant metastases
cannot be reliably ruled out. '8F-FDG PET and 2°™Tc(V)
dimercaptosuccinic acid scintigraphy (DMSA-V) have rea-
sonable sensitivity for the detection of MTC metastases.
However, in about half of the patients, persistent MTC
cannot be detected with any morphologic (CT or MRI) or
functional imaging ('3F-FDG PET, DMSA-V, or !!'In-
octreotide scintigraphy) (4,9,10).

Apart from the problematic restaging, another clinical
problem is the unpredictable clinical course in patients with
persistent disease. Although the overall survival of patients
with biochemical detectable disease is relatively long, the
transition to progressive disease is often unpredictable (3).
Early detection of such an accelerated phase might lead to
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better treatment and, for this purpose serum, calcitonin dou-
bling time has proven to be valuable (3,4).

I8F-Dihydroxyphenylanaline ('8F-DOPA) PET is a new
functional nuclear medicine procedure that enables meta-
bolic imaging of MTC. This approach is based on the in-
creased activity of large amino acid transporter (LAT)
systems in neuroendocrine tumors such as MTC (/7). The
first reports of the use of '8F-DOPA PET in patients with
MTC are promising but included only a very small number
of patients (/2,13). The aim of the present study was to
assess the value of '8F-DOPA PET in patients with elevated
calcitonin and CEA levels in comparison with the results
with '8F-FDG PET, DMSA-V, and morphologic imaging
(CT or MRI). The secondary aim was to evaluate whether
there was a relation between the level and the course of
tumor markers and imaging results.

MATERIALS AND METHODS

Patients

Patients who had histologically proven MTC and elevated serum
calcitonin levels after initial surgical treatment were eligible for this
prospective single-center study. They were included between Jan-
uary 2003 and March 2007. The local medical ethics committee
approved the study, and all patients gave written informed consent.

Imaging Protocol

According to our protocol, all patients with recurrent or residual
MTC, diagnosed by elevated serum calcitonin or CEA or chro-
mogranin A levels, underwent '®F-DOPA PET, DMSA-V scintig-
raphy, 8F-FDG PET, and morphologic imaging with CT or MRI.
DMSA-V and '8F-FDG PET were not performed when such scans
had been made repeatedly with negative results in the previous 2 y.
The regions of metastasis or recurrence were divided into 5 areas:
regional, lung, liver abdomen and bone.

I8F-FDG PET, DMSA-V scintigraphy, and morphologic imag-
ing were performed as described previously (9). These scans were
interpreted by dedicated specialists as part of routine patient care
and subsequently were independently reread.

18F-DOPA PET

I8F.DOPA was locally produced as described earlier (/4).
Patients fasted for 6 h before examination and were allowed to
continue all medication. Whole-body 2-dimensional PET images
were acquired 60 min after intravenous administration of !3F-
DOPA (180 = 50 MBq), on an ECAT HR+ positron camera
(Siemens Medical Solutions, Inc.) with attenuation correction (7—10
bed positions of 5-min emission and 3-min transmission scans; total
scanning time, approximately 60 min). For the reduction of tracer
decarboxylation and subsequent renal clearance all patients re-
ceived 2 mg/kg carbidopa orally as pretreatment 1 h before the '8F-
DOPA injection to increase tracer uptake in tumor cells (/5-17).

Two nuclear medicine physicians interpreted the '8F-DOPA
PET images independently. These readers were unaware of cal-
citonin, CEA, and chromogranin A levels and the results of other
imaging examinations. Only lesions in each body region with an
unequivocal visibility clearly above normal activity, known from
patients and regions without tumors, were considered abnormal.
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Composite Reference Standard

As a composite reference standard for the presence of tumor
lesions, all available cytologic, histologic, follow-up findings and
all imaging findings were used (/8). In these patients, cytologic or
histologic verification of every lesion is neither feasible nor jus-
tifiable. Histologic confirmation of disease would be the ideal ver-
ification of tumor activity, but for obvious reasons surgery or
biopsy of all lesions on the combined imaging methods is not
feasible. Whenever possible, new findings were verified with ad-
ditional other investigations, such as ''In-octreotide scintigraphy
(n = 3), meta-iodobenzylguanidine (MIBG) (n = 3), bone
scintigraphy (n = 1), and surgical findings (n = 5).

Biochemical Analysis

As markers for tumor activity we measured serum calcitonin
levels (reference values, 0.3-12 ng/L) by enzyme-linked immu-
nosorbent assay (Sangui Biotech Inc.) and plasma CEA levels
(reference values, 0.5-5.0 wg/L), which were measured by chemi-
lumnescent microparticle immunoassay (Abbott Laboratories). Se-
rum chromogranin A was determined using a radioimmunoassay
(Cga-React; Cis Bio International) as a marker for tumor volume
(reference values, 20.0-100.0 mg/L). The formula log2 x dT/(logB —
logA) was used to estimate the calcitonin and the CEA doubling
time. In this formula, A is the initial concentration and B is the
following calcitonin or CEA concentration. dT is the time differ-
ence between the measurements of A and B in months (/9).

Data and Statistical Analysis

Because all patients presented with elevated serum calcitonin
levels, any imaging study not showing a clear abnormality was
classified as false-negative in the patient-based analysis. In addi-
tion, region- and lesion-based sensitivities were calculated using
the composite reference standard and were compared using paired
observations and the McNemar test. Patient-based sensitivity was
calculated as the number of patients with a positive test (at least
1 lesion detected) by the total number of patients in whom the test
was performed. Regional sensitivity was calculated by dividing
the number of regions positive for tumor detected by that modality
by the total number of tumor-positive regions (composite refer-
ence), and the lesion-based sensitivity was calculated by dividing
the number of detected lesions by the total number of lesions (com-
posite reference). For the patient-based analysis, the McNemar test
was used to compare '3F-DOPA PET findings with those from
IBE.-FDG PET, *°™Tc-DMSA-V, and morphologic imaging. To
compare the number of patients with 0, 1, 2, 3, or more positive
regions between '3F-DOPA PET and the other imaging modalities,
the Pitman test was used. These tests were not corrected for mul-
tiple testing. For the comparison of number of lesions per region,
the Wilcoxon test was used. The x? test was used to compare pro-
portions of abnormal biochemical markers in positive and negative
imaging. The significance level was 0.05, 2-sided. Confidence in-
tervals are given in the tables. The statistical tests were performed
using the SPSS package 12.0.

RESULTS

Twenty-one consecutive patients (10 men and 11 women)
were included. Twelve patients had sporadic MTC, 8 had
multiple endocrine neoplasia (MEN) syndrome type 2A, and
1 had MEN 2B. All diagnostic imaging examinations of the
same patient were completed within a 9-mo interval, which
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was always relatively short in comparison with the rate of
disease progression, The examinations were performed at
least 4 mo after any therapy. '3F-FDG PET was obtained on
18 patients, DMSA-V scintigraphy on 19 patients, and MRI
or CT of the neck and mediastinum on 18 patients. In the
other patients such scans had been made repetitively in the
previous 2 y with negative results. All of these patients
underwent the imaging procedures after initial total thyroid-
ectomy with central compartment dissection and additional
neck dissection if indicated. Laparoscopy for detection of
minimal, capsular liver disease was not part of the standard
dissemination strategy. The median age was 52 y (range, 19—
75 y). Clinical characteristics of the individual patients are
listed in Table 1.

Imaging Results

Patient-Based Analysis. '®F-DOPA PET produced high-
quality tomographic images that were easily interpretable
(Fig. 1). In 6 patients (29%) no lesions could be detected
with either of the imaging methods used; these were there-
fore classified as false-negative. Table 2 summarizes the
imaging results per patient. Although morphologic imaging
methods were able to detect a slightly larger number of
tumor lesions per positive patient (patient-based sensitivity,
39%; 4.7 lesions per patient [Ipp]), '*F-DOPA PET was able
to detect 13 tumor-positive patients (patient-based sensitiv-
ity, 62%; 4.6 lpp). DMSA-V and '8F-FDG PET detected
considerably fewer tumor lesions. DMSA-V detected 5 and
I8F-FDG PET detected 4 tumor-positive patients (sensitivity
of 26% for DMSA-V vs. 22% for '8F-FDG PET, 1.1 Ipp vs.
1.6 1pp). DMSA-V and '8F-FDG PET were both positive in
1 patient but detected different lesions. However, because of
the small number of patients, no statistically significant
difference in the patient-based analysis could be reached be-
tween the described imaging methods. In 4 patients, surgery
was performed as a result of '8F-DOPA PET findings. In
these patients, the lesions detected with '3F-DOPA PET were
resected and proven to be tumor-positive on pathologic
analysis.

Region-Based Analysis. Table 3 describes the region-
based analysis. Of the 126 regions evaluated, 37 (29%) were
considered positive for tumor. '3F-DOPA PET detected 33 of
these positive regions (sensitivity, 89%), whereas morpho-
logic imaging detected 17 positive regions (sensitivity, 52%),
DMSA-V scintigraphy detected 9 positive regions (sensitiv-
ity, 33%), and '8F-FDG PET detected 12 (sensitivity, 48%).

Lesion-Based Analysis. A total of 134 lesions were
considered positive for tumor on the basis of the composite
reference standard. '8F-DOPA PET detected 95 of 134 (sen-
sitivity, 71%) lesions. The sensitivity of '8F-DOPA PET
was higher than that of morphologic imaging in which both
were performed (P = 0.019). Morphologic imaging de-
tected 80 of 126 lesions (sensitivity, 64%). DMSA-V and
I8E_.FDG were inferior to '3F-DOPA PET, as DMSA-V
detected only 20 of 108 (sensitivity, 19%; P = 0.031 for
paired comparison of '8F-DOPA PET with DMSA-V) and
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I8F-FDG PET detected only 48 of 102 (sensitivity, 30%;
P = 0.123 for paired comparison of '8F-DOPA PET with
I8F_.FDG PET) (Table 3). Most lesions were present in the
liver and bone (liver, 41; bone, 27). '8F-DOPA PET showed
more lesions in the liver region (47 for '3F-DOPA PET vs.
28 for CT or MRI); however, morphologic imaging methods
were able to detect more bone lesions (27 for CT/MRI vs.
8 for '8F-DOPA PET). The combination of CT or MRI,
DMSA-V, and '8F-FDG PET results in a total of 90 lesions
(sensitivity, 71%), which is still slightly less than the number
of lesions detected by '8F-DOPA PET alone.

Comparison of Imaging with Calcitonin

All patients had elevated serum calcitonin levels (median,
1,064 ng/L; range, 24-120,000 ng/L). Using an arbitrary
calcitonin threshold of 500 ng/L (4), 12 of the 13 patients
with serum calcitonin levels higher than 500 ng/L had
positive '83F-DOPA PET scans (P = 0.002 for comparison
of positive scan results vs. calcitonin > 50 ng/L). Of the 8
patients with a serum calcitonin level below 500 ng/L, 6 had
negative imaging results. One patient (patient 10) had a
lesion lateral to the right side of the urinary bladder lesion,
which was present only on '8F-DOPA PET. This patient had
normal CEA levels, and the median calcitonin doubling time
was 27 mo (range, 4-108 mo).

After combining a calcitonin level of >500 ng/L with a
calcitonin doubling time of >12 mo as the classification of
biochemically active but slowly progressive MTC, we
evaluated 10 patients. '8F-DOPA PET was positive in 9
patients. In 7 of these 10 patients '8F-DOPA PET detected
more lesions than the other imaging modalities; in 3
patients '8F-DOPA PET detected the same lesions as the
other imaging modalities, and in patient 21 (with doubling
time just over 12 mo) '8F-DOPA PET revealed an addi-
tional abdominal lesion that was not evident on all other
imaging modalities but failed to identify a thoracic lesion
that was identified by '8F-FDG PET. In contrast, '8F-FDG
PET was negative in 6 of 7 patients with a calcitonin level
of >500 ng/L and a calcitonin doubling time of >12 mo. In
1 patient (patient 21), '8F-FDG PET detected an additional
thoracic lesion but failed to identify 1 abdominal lesion that
was detected by '8F-DOPA PET. Two patients (patients 4
and 5) were exceptional: They had very high CgA and
calcitonin levels but a long doubling time for both. Con-
trary to '83F-DOPA PET and CT, '8F-FDG PET was negative
in these 2 patients. These doubling times and the clinical
behavior suggest a slow-growing tumor with a low-glucose
need in these patients.

A calcitonin level of >500 ng/L and a calcitonin dou-
bling time of <12 mo as the characterization of biochemi-
cally active and rapidly progressing tumor was present 3
patients (Fig. 2). These 3 patients (patients 2, 12, and 18)
have died since entering the study. Patients 2 and 18 had
more '8F-FDG PET-positive lesions then '8F-DOPA PET-
positive lesions. Unfortunately, because of progressive dis-
ease, patient 12 did not undergo '8F-FDG PET scanning.
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FIGURE 1. Patient 5: 68-y-old female ~ A
patient with a MEN 2a-related metasta-

sized recurrent MTC. Her calcitonin dou- .
bling time was 91 mo (calcitonin, 27,190 *

ng/L) and her CEA doubling time was 151
mo (CEA, 1,460 p.g/L). (A) '®F-DOPA PET
shows the largest number of lesions,
located in neck, upper mediastinum, left
thorax, liver, and skeleton. (B) '8F-FDG
PET shows only physiologic uptake but
no tumor lesions. (C) DMSA-V shows
lesions in upper mediastinum, left thorax,
liver, and skeleton, although with much
smaller number of lesions. (D) '®F-DOPA
PET/CT fusion slice shows liver lesions.

%
.‘.*

These findings suggest better tumoral '8F-FDG than !3F-
DOPA uptake in this subgroup with rapidly growing tumors.

Comparison of Imaging with CEA

CEA levels (median, 11.9 pug/L; range, 0.5-2,209.5 ng/L)
were elevated in 14 patients (68%). In these patients,
IBF-.DOPA PET was positive in 11 patients (2-sided P =
0.0176 for comparison of positive '8F-DOPA PET results
and elevated CEA), CT or MRI was positive in 6 patients
(2-sided P = 0.064 for comparison of positive CT or MRI
results and elevated CEA), DMSA-V was positive in 3
patients, and '8F-FDG PET was positive in 3 patients. In 2
patients with elevated CEA (patients 1 and 15), imaging
yielded no positive scan results. Of the 7 patients with
normal CEA, 1 patient (patient 14) had numerous lesions
(and elevated calcitonin) and 1 patient (patient 10) showed
1 tumor-positive lesion on '3F-DOPA PET. CEA doubling
time was generally in agreement with calcitonin doubling
time.

Clinical Outcome

The 3 patients (patients 2, 12, and 18) who died after
entering the study were characterized by short calcitonin
(<12 mo) and CEA (<15 mo) doubling times. From our
imaging results, these patients had extensively metastasized
disease.

TABLE 2
Patient-Based Analysis

Imaging modality No. of patients Mean no. of
(performed on with positive lesions per

n patients) lesions patient (range)
CT or MRI (n = 18) 7 47(0 18)
DMSA-V (n = 18) 5 1(0-13)
18F-FDG PET (n = 17) 4 1 6 (0-18)
18F-DOPA PET (21) 13 4.6 (0-21)

On the basis of the inclusion criteria, all patients were considered
positive for tumor. Sensitivities for patient-based analysis were
calculated using total number of patients scanned per imaging
modality as reference.
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In 4 patients, surgery was performed on the basis of '8F-
DOPA PET findings. Before surgery, '3F-DOPA PET im-
ages were fused with MR images for optimal anatomic
localization. '8F-DOPA PET findings were histopatholog-
ically confirmed in 4 cases. In all patients, calcitonin and
CEA levels dropped after surgery but did not return to
within the normal range. However, in 3 of these patients,
these markers are rising again and, in 1 of these 3 patients,
the calcitonin doubling time now is <12 mo.

DISCUSSION

Our results show that '8F-DOPA PET improves staging in
patients with biochemically suspected relapse or residual
MTC. '8F-DOPA PET detects more tumor-positive regions
and lesions than CT or MRI, DMSA-V, and ®F-FDG PET
separately. Even when the results of CT or MRI, DMSA-V,
and '8F-FDG PET are pooled, '3F-DOPA PET detects a
slightly larger number of lesions. In addition, this study
shows that the chances of obtaining positive '8F-DOPA PET
and negative '8F-FDG PET are higher in those with a more
indolent course of disease, whereas '8F-FDG is more fre-
quently positive as well when the clinical course is more
aggressive, reflected by a rapid increase in tumor marker. In
addition, our data indicate that morphologic imaging meth-
ods sometimes are complementary to the other imaging
methods used in our study.

Two small studies—a retrospective study of Beuthien-
Baumann (20) and a prospective study of Hoegerle (/2)—
suggested a role for '83F-DOPA PET in MTCs. In both
studies only a lesion-based analysis was performed. Whereas
Beuthien-Baumann et al. had only written results of mor-
phologic imaging at their disposal (/9), Hoegerle et al.
were able to use morphologic data for their analysis (/3).
Both studies used biochemical data but did not use these to
establish a measure for biologic tumor behavior or tumor
progression.

In our study calcitonin and CEA doubling times im-
proved our understanding of the conflicting results of
8F-FDG and '8F-DOPA PET that are sometimes encoun-
tered. It seems that shorter calcitonin and CEA doubling
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TABLE 3
Region-Based and Lesion-Based Analysis

Analysis CT or MRI DMSA-V 18F-FDG PET 18F-DOPA PET 18F-DOPA PET with CT
Positive regions

Head 3 2 0 4 4

Neck 4 3 4 8 8

Thorax 2 0 2 6 6

Liver 4 1 3 8 8

Abdomen 0 1 1 3 3

Bone 4 2 2 4 4

Total 17 (52%, 33%-69%) 9 (83%, 16%-54%) 12 (48%, 28%—-69%) 33 (89%, 74%-97%) 33 (89%, 74%-97%)
Positive lesions

Head 3 4 0 4 8

Neck 7 6 7 13 13

Thorax 15 0 9 18 20

Liver 28 4 10 47 50

Abdomen 0 1 2 5 5

Bone 27 5 3 8 27

Total 80 (64%, 55%-72%) 20 (19%, 12%-26%) 31 (30%, 23%-39%) 95 (71%, 62%-78%) 119 (89%, 82%-94%)

Number of positive regions and lesions per modality are given. Sensitivities and confidence intervals are given only for the rows in which
total results for region-based and lesion-based analysis are presented. Sensitivities were calculated using composite reference data limited

to patients scanned with the indicated imaging modality.

times are associated with increased tumoral glucose me-
tabolism and decreased tumoral '8F-DOPA metabolism.
This is in line with findings on other aggressive (dediffer-
entiated?) neuroendocrine tumors, such as small cell lung
cancer and metastatic paraganglioma in patients with a
SDHB gene mutation, in which '8F-FDG PET has a very
high sensitivity for the detection of tumor lesions, whereas
more “specialized” tracers, such as '3F-DOPA and !8F-
dopamine show only marginal tumoral uptake (21,22). It is
important to distinguish between local disease recurrence,
which may be surgically curable, and systemic disease, in
which case the aim is palliation. Therefore, it is important
to adequately stage patients with MTC. '8F-DOPA PET can
provide a better understanding of tumor load—Ilocal as well
as systemic disease—and can support the clinical decision
in these patients with often slowly progressive tumors. For
the control of local recurrent disease, clearance of lymph
node metastases by systematic dissection may provide local
control in the neck and mediastinum (5-7,23,24) and may
prevent tracheal and esophageal invasion because of tumor
infiltration (25,26). Local recurrent disease indisputably
requires systematic lymph node dissection (6,7,27). There
is still controversy on the treatment of metastasized disease.
After apparent curative surgery for primary tumors, patients
with persistent hypercalcitoninemia may have a 10-y sur-
vival of around 65% (3,28). However, for local disease
control, dissection of the central and both lateral lymph
node compartments of the neck may still have a role, but
more accurate knowledge of both the number and the
localization of the metastases can be helpful in the decision
of whether to perform surgery. When only one distant
lymph node compartment (either the contralateral side of
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the neck or the mediastinum) is involved, there is a 10%
chance of cure (29).

Defining the gold standard for imaging studies in which
new tracers may yield better results than the commonly
used imaging methods is a difficult problem. Therefore, we
choose to use a gold standard consisting of the combined
data from all imaging modalities together (/8). Because
patients with MTC have a good life expectancy and un-
dergo regular imaging to assess possible tumor growth, it
was ethically not justifiable to try to verify all newly de-
tected lesions. However, in 4 patients who did undergo sur-
gery as a consequence of positive '8F-DOPA PET findings,
the detected lesions were resected and histologically con-
firmed to be tumor positive.

Combining multiple imaging modalities yields the best
results for the detection of recurrent MTC. Morphologic
imaging is important for accurate anatomic localization of
MTC lesions. In our study, we did not have combined PET/
CT available; therefore, we performed software-based rigid
fusion of conventional imaging methods with PET to achieve
a more accurate localization. Also, in this study, CT or MRI
had excellent lesion visualization properties and often dem-
onstrated lesions that were less evident on PET and vice
versa. In addition, the combination of PET and CT by fusion
software decreases reader uncertainties in deciding whether
a lesion is “real” in this study, although it is difficult to
“catch” that effect in numbers. Combined PET/CT will offer
the best of both worlds and may become the diagnostic
imaging procedure of choice in MTC (1-stop shop).

Establishing a perfect gold standard is difficult in every
diagnostic accuracy study. As in our case, newer diagnostic
methods can be far better than current standard methods
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FIGURE 2. Patient 18: 65-y-old female patient with sporadic
MTC. Her calcitonin doubling time was 4 mo (calcitonin, 1,160
ng/L) and her CEA doubling time was 7 mo (CEA, 41.9 pg/L). (A)
18F-DOPA PET projection image shows lesions with vague
uptake in skull, neck, liver, and spine but also lesions with
intense uptake. (B) '8F-FDG PET shows many more lesions with
intense uptake in the neck, mediastinum, liver, and spine. (C)
DMSA-V scan shows no lesions. (D) '8F-FDG PET/MRI fusion
slice shows 3 lesions in neck. However, on 8F-DOPA PET/MRI
fusion (E), only 2 lesions show vague uptake. Different lesional
uptake within 1 patient most likely illustrates different degrees
of tumor dedifferentiation within 1 patient.

and detect many unknown lesions, which can never all be
verified using cytologic or histologic analysis. Whenever pos-
sible, we verified new findings, but also used common sense
and assumed that—when several lesions were verified—
other lesions with identical and unequivocal uptake of this
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specific tracer in the same patient could also be regarded as
true tumor lesions. Some dependency of PET results and
our composite reference standard is present in this study.
However, this dependency is also present for CT and soma-
tostatin receptor scintigraphy. Still, our sensitivity values
should be regarded with some caution (/8,30).

There is an ongoing search for new tracers for MTC, as
the problem of increased tumor marker and negative imag-
ing is experienced in many centers. Even in this study, with
extensive diagnostic tests, 5 of 21 (24%) of the patients
remained negative on all performed tests. Because not all
imaging modalities were available for the patients, the
value of '8F-FDG PET in progressive disease has been un-
derexposed; thus, more data on the difference in '¥F-DOPA
and '8F-FDG PET uptake are necessary to prove the value
in patients with progressive MTC.

New approaches, such as gastrin receptor scintigraphy,
are promising because of the high expression of the cho-
lecystokinin 2 receptor in MTCs (31,32). However, because
of the variation in biologic behavior of MTC, the future will
reveal what the best imaging approach for these tumors will
be. Very likely individual tailoring with different imaging
methods based on biologic behavior will be necessary for
optimal staging of MTC in patients.

CONCLUSION

I8F-DOPA PET is superior to '8F-FDG PET and DMSA-V
scintigraphy in staging of MTC and is probably the best
noninvasive staging method yet available. A decrease in
serum calcitonin doubling time and a shift from 'SF-DOPA
PET positivity to more '8F-FDG PET indicates aggressive
tumor behavior and may support the choice for systemic
therapy.
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