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Chapter 6

Abstract

Introduction The transition from stable to progressive diseasenpredictable in patients
with biochemical evidence of medullary thyroid d¢amna (MTC). Calcitonin and
carcinoembryonic antigen (CEA) doubling times anerently the most reliable markers for
progression, but for accurate determination sem@hsurements are required which need time.
We compared®F-fluoro-2-deoxy-D-glucose'{F-FDG) positron emission tomography (PET)
and *®F-dihydroxyphenylanaline'{F-DOPA) PET with biochemical parameters and sutviva
to assess whether these imaging modalities coutd balue in detecting progressive disease.
Methods We evaluated outcome 81F-FDG PET and/ot®F-DOPA PET with calcitonin and
CEA doubling times in 47 MTC patients. A subgrouppatients was included in whole
metabolic burden (WBMTB) analysis, with determipatiof standardized uptake values
(SUV) and number of lesions. WBMTB &F-DOPA PET and®-FDG PET was compared
with biochemical parameters. Furthermore survivalswcompared with®F-DOPA PET
and/or'®F-FDG PET positivity.

Results In 38 out of 40 patients withiF-FDG PET doubling times were available. There was
a significant correlation with®F-FDG PET positivity. Doubling times were <24 masiin
77% (n=10/13) of'®F-FDG PET positive patients, while 88% (n=22/25)'%-FDG PET
negative patients had doubling times >24 month§.@31). Between doubling times affé-
DOPA PET positivity no significant correlation etdd.'®F-DOPA PET detected significantly
more lesions (75%, 56 of 75) compared¥-FDG PET (47%, 35 of 75) in the 21 patients
included in WBMTB analysis (p=0.009). Calcitoninda@EA levels correlated significantly
with WBMTB on **F-DOPA PET but doubling times did ndtF-FDG PET positivity was a
more important indicator for poor survival in patie with both scans performed.

Conclusion '®F-FDG PET is superior in detecting patients witlochiemical progressive
disease and identifying patients with a poor swaiVAlthough **F-DOPA PET has less
prognostic value it can more accurately assessettent of the disease in patients with
residual MTC. Hence, both scans are informativeamdigg tumour localization and
behaviour. Based on these results we designediaatlflow diagram for the general practice

in detecting recurrent MTC.
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®c_EDG PET and "®F-DOPA PET in MTC

Introduction

Medullary thyroid carcinoma (MTC) accounts for abael®o of all thyroid cancers. The
overall 10 year survival ranges between 40% and 8A@lbhas not increased substantially in
the past few decadés.Unfortunately, even in MTC that is clinically caméd to the neck,
many patients already have metastatic disease emdbeyond cure even by surgery.
Furthermore, though the overall survival in patsemtith only biochemical evidence of
residual MTC is good, a number of patients will elep progressive and symptomatic
diseasé. Early identification of these patients is clinigarelevant because appropriate
therapeutic interventions may delay symptomatienetation. However, the transition from
a stable status to a progressive disease coursapiedictable and it is hard to identify
patients who may benefit from early intervention.

Calcitonin is a specific tumour marker for MTC ra@aoembryonic antigen (CEA) is less
specific, but can also be usefuCurrently, short calcitonin and CEA doubling timase
considered the best available indicators to asgesgessive disease, MTC recurrence and
cancer mortality:” Calcitonin and CEA levels can fluctuate, howewsrd determination of
the doubling times needs serial measurement foR4l2nonths and is therefore time-
consuming.

Most imaging techniques have a moderate sengitividetecting MTC Positron emission
tomography (PET) using the radioactive trac&esfluoro-2-deoxy-D-glucose"{F-FDG) and
more recently’®F-dihydroxyphenylanaline{F-DOPA) are available for the staging and
follow-up of MTC>* Some studies have suggested tH&FDG PET might be more
sensitive in patients with a short calcitonin dandpl time®*” Furthermore, a higher
metabolic activity, expressed as the maximum stafizked uptake value (SUV), dfF-FDG
PET compared with the maximum SUV &F-DOPA PET, might be related to a more
aggressive tumour tyg&.PET also enables determination of the total tuntoad expressed
as the whole-body metabolic burden (WBMTB), reflegtmetabolic tumour activity, as was
shown in a recent study 5F-DOPA PET in carcinoid patient8.

In this retrospective study of patients with biectical evidence of MTC, our aim was to
assess the ability 6fF-FDG PET and®F-DOPA PET to discriminate between patients with

progressive disease and patients with stable diseas
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Chapter 6

Materials and methods

Patients
We analysed all patients with histologically provéiTC seen at the Department of
Endocrinology for follow-up and who had undergdfie-FDG PET and/ot®F-DOPA PET
for detection of residual or metastatic MTC betw@&02 and 2010. We excluded patients
with undetectable calcitonin levels, patients vatmcurrent systemic treatment at the time of
8c.FDG PET or®F-DOPA PET, and patients with less than 2 calcitami CEA values at
the time of'®F-FDG PET or'®F-DOPA PET imaging. For WBMTB analysis, we excluded
patients with more than 6 months betweééR-FDG PET and'®F-DOPA PET imaging.
Several patients (n=21) were also described inesigus study assessing the value'%%
DOPA PET in patients with MT& That study was approved by the local medical sthic
committee, and the patients gave written informeshsent to participate in it. After
completion of that study PET was performed as partandard patient care; therefore in
concordance with national law no further InstitnabBoard Review approval was required.
We initially analysed 47 MTC patients (Figure f).group A, composed of 40 patients,
8F.FDG PET was performed and we compared outcomie edubling times (n=38) and
survival (n=37). For the 38 patients composing greu*®F-DOPA PET was performed, and
we compared outcome with biochemical parameter8@nhand survival (n=34).Thirty one
patients had undergone both scans and in 24 patirese scans were performed within 6
months of each other. We performed WBMTB and saivanalysis in respectively, 21 and
22 patients (group C), of which 14 and 15 patieetpectively, were also included in the
previous study® The number of patients participating in each asialyand reasons for
exclusion are shown in Figure 1. Patient charasttes of the different groups are shown in
Table 1.

8c_DOPA PET, *®F-FDG PET and image analysis

BF_.FDG and®F-DOPA were locally produced as described previotfshll patients were
studied after a 6-h fasting period, were allowedctmtinue all medication, and were
encouraged to drink water. FOF-FDG PET, data acquisition started after 60 om0 after
injection of **F-FDG intravenously(5 MBq/kg; range 250-824 MBqpr E3F-DOPA PET,
whole body 2-dimensional-PET images were acquir€d nein after the intravenous
administration of a standard dose ¥F-DOPA (range 70-220 MBq). To reduce tracer
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decarboxylation and subsequent renal clearancehameby increase tracer uptake in tumour
cells, patients received carbidopa (2 mg/kg; maxmilb0 mg) orally as pre-treatment 1 h
before the”®F-DOPA injection.

MTC pts with PET imaging for recurrent
MTC
(n=47)

/

—»

\

Pts with '8F-FDG PET and
18F-DOPA PET
(n=31)

Pts with both scans < 6 mo
(n=24)

I 3 pts excluded** ‘ | 2 pts excluded?’ l

Pts with 'F-FDG PET
(n = 40)

Pts with '8F-DOPA PET

— (n=138)

| 2 pts excluded* l 4 pts excluded’

2 pts excluded* | | 3 pts excludedt |

4 A 4 v v
Comparison of '8F-| | Comparison of '8F- Comparison of Comparison of 18F-
FDG PET and FDG PET and A ¥ 18F.FDOPA PET | | FDOPA PET and
doubling times survival WBMTB Survival and doubling times survival
(n=238) (n=37) analysis analysis (n=36) (n=34)
(n=21) (n=22)
— S
_
Group A Group B
Group C

Figure 1 Flow diagram for inclusion and analysis of MTC patients.*Insufficient biochemical data for calculation
of doubling times. "Insufficient follow-up data. *n = 1 without suitable scan for WBMTB analysis due to
technical problems. pts = patients.

®c.FDG PET and'®F-DOPA PET images were interpreted by two dedicatedlear
medicine specialists as part of routine patiene cand were subsequently independently
reviewed. We calculated the WBMTB, defined as the ©f the metabolic burden of each
tumour lesion in the PET image, for both PET methdd/e defined metabolic burden as
mean SUV x volume of tumour lesion obtained frore PET image using a volume of
interest that was enclosed by a 40 % isodensityocon(Figure 2F**? We categorized
patients according to differences in WBMTB uptakepaired'®F-FDG and'®F-DOPA PET
scans; more than 10% WBMTB JfF-FDG PET, more than 10% WBMTB dfF-DOPA

PET, equal uptake (less than 10% difference) arptake on both scans.
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Biochemical analysis

Calcitonin was determined using an enzyme-linkechimosorbent assay (Biomerica, Irvine,
Califorina, USA) with a reference value of 0.3-1¢/In CEA levels were measured using a
chemiluminescent microparticle immunoassay (Abhattoratories, North Chicago, lllinois,
USA) with a reference value of 0.5-qu@/L.

Table 1 Patient characteristics

®F.FDG PET ®F-DOPA PET WBMTB
analysis analysis analysis
(group A; n=38) (group B; n = 36) (Group C; n = 21)

Sex

Male 19 17 10

Female 19 19 11
Age (y)

Mean 53.2 524 56.7

Range 19-79 19-79 19-79
Type

Sporadic 18 18 12

Familial 20 18 9
Calcitonin (ng/L)

Median 346.2 825 817

Range 1.8-161,275 17.8-240,325 17.8-161,275
CEA (ug/L)

Median 10.2 12.3 9.7

Range 0.5-2620 0.5-2620 0.5-2620
Calcitonin doubling time

<24 mo 13 (34%) 13 (36%) 9 (43%)

>24 mo 25 (66%) 23 (64%) 12 (57%)
CEA doubling time

<24 mo 6 (19%) 5(14%) 3(14%)

>24 mo 32 (81%) 30" (86%) 18 (86%)
Calcitonin and CEA doubling time

Calcitonin or CEA <24 mo 13 (34%) 14 (39%) 9 (43%)

Calcitonin and CEA >24 mo 25 (66%) 22 (61%) 12 (57%)
PET

Positive 13 (34%) 16 (44%) 10 (48%)

Negative 25 (66%) 20 (56%) 11 (52%)

*Of one patient CEA doubling time could not be calculated. mo = months.
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Calcitonin and CEA serum levels and doubling times

For calculating the calcitonin and CEA doubling éinwe used in principle 4 values (with a
minimum of 2), obtained within a median period df months (range 2-47 months) around
®c.FDG PET and®F-DOPA PET imaging. We used the average of thekeesdor further
analysis. We calculated exponential growth cunfesusing standard linear regression of the
serum levels on time and doubling times as In(2)VB. identify progressive patients we
defined biochemical progressive disease as a caloibr CEA doubling time of less than 24

months in concordance with the study of Giraudet &t

& , :
= - e
N3 W A
® & L d

ol i 1
& T i &

Figure 2 Determination of volume of interest (VOI) and standardized uptake value (SUV) for calculation of the
whole metabolic burden. On this '°F-FDG PET scan four lesions (respectively subcarinal, in the lateral
hemithorax, and in the liver region) are enclosed by a 40% iso-contour, after manual designation, with
automatic calculation of SUVmean, SUVmax and lesion volume.

Follow-up

Follow-up was performed according to current guresd, consisting of regular determination
of calcitonin and CEA? If there was an elevation in one of these tumoarkers, further
evaluation was performed with morphological or fumtal imaging. Depending on the

outcome of imaging, the therapeutic strategy wasrdened.
Statistical analysis

For statistical analysis we used PASW statistic§IBSS Ltd.)We performed a? test for
comparison of PET outcome and doubling times. Qation between WBMTB of°F-FDG
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PET and'®F-DOPA PET and calcitonin or CEA levels and doupliimes was calculated
with Spearman’s test. To determine the optimal calcitonin cutdefiel for *°F-FDG PET
and'®F-DOPA PET, we calculated the maximum value of isieity multiplied by specificity,

as derived from ROC curve analysis. We performed @st for comparison of uptake and
WBMTB category with doubling times or a Fisher ex@&st when the frequency of cells with
an expected value of 5 was higher than 20%. Forpaoison of the number of detected
lesions betweer®F-FDG PET and®F-DOPA PET, a McNemar test was used. For survival
analysis we used the Kaplan Meier method, and dlgerdnk test for comparison. The

significance level was 0.05, 2-sided.

Results

Patients

'8c_FDG PET and biochemical parameters (Group A)

We analysed 38 patients for outcome'#-FDG PET and calcitonin or CEA levels and
doubling times*®F-FDG PET was positive in 13 patients (34%) (T&leln **F-FDG PET-
positive patients, levels of calcitonin and CEA #eignificantly higher and more patients
had calcitonin and CEA doubling times less thamidhths. Positive and negative predictive
values for biochemical progressive disease were &78688% respectively i{F-FDG PET-
positive and -negative patients. In ROC curve asis)ywe found an optimal calcitonin cut-off
of 874 ng/L for PET positivity, with a sensitivitgf 69% and a specificity of 70% for the

detection of tumour lesions.

'8c_DOPA PET and biochemical parameters (Group B)

Of the 36 patients analysed for the outcomé®BfDOPA PET and biochemical parameters,
8. DOPA PET was positive in 16 (44%) (Table 3). @akin and CEA levels differed
significantly between'®F-DOPA PET positive and -negative patients, butreheas no
significant difference in doubling times. The po&t and negative predictive values for
progressive disease were 56% and 75%, respectiirel’F-DOPA PET-positive and -
negative patients. In ROC curve analysis, we foanchlcitonin cut-off of 825 ng/l to be
optimal for PET positivity, with a sensitivity argpecificity of 88% and 80%, respectively,

for detection of tumour lesions.
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Table 2 Biochemical parameters of patients with **FDG PET (Group A)

'®F-FDG PET '®F-FDG PET
Positive (n =13) Negative (n = 25) P

Calcitonin (ng/L)

Median 2320 246 0.040

Range (60.4-161,275) (1.8 —18565)
CEA (ug/L)

Median 324 6.5 0.006

Range (0.8 -2620) (0.5-187)
Calcitonin doubling time

<24 mo 10 (77%) 3(14%)

>24 mo 3(23%) 22 (86%) <0.001
CEA doubling time

<24 mo 6 (46%) 0

> 24 mo 7 (54%) 25 (100%) 0.001
Calcitonin and CEA doubling time

Calcitonin or CEA < 24 mo 10 (77%) 3(14%)

Calcitonin and CEA > 24 mo 3 (23%) 22 (86%) <0.001

Mo = months.

Table 3 Biochemical parameters of patients with *F-DOPA PET (Group B)
®_DOPA PET *r.DOPA PET

Positive (n =16) Negative (n =20) P

Calcitonin (ng/L) 287

Median 3626 (17.8-2320) <0.001

Range (88 —240,325)
CEA (ug/L) 36.6 6.6

Median (1.2-2620) (0.5-72) <0.001

Range
Calcitonin doubling time

<24 mo 8 (50%) 5 (25%)

> 24 mo 8 (50%) 15 (75%) NS
CEA doubling time

<24 mo 4(27%) 1(5%)

>24 mo 11 (73%) 19 (95%) NS
Calcitonin and CEA doubling time

Calcitonin or CEA < 24 mo 9 (56%) 5(25%)

Calcitonin and CEA > 24 mo 7 (44%) 15 (75%) NS

*Of 1 pt CEA level was not available. of1 pt CEA dt could not be calculated. mo = months.

WMBTB results of **F-FDG PET and '®F-DOPA PET (Group C)

For the 21 patients with botffF-FDG PET and®F-DOPA PET who were included in
WBMTB analysis, the results for both scans wereatieg in 11 patients. Of the remaining 10
patients, 4 had higher WBMTB offF-FDG PET, another 4 had higher WBMTB &ifr-
DOPA PETand 2 had equal WBMTBs (Table 4). The total numidddesions found was 75,
and *®*F-DOPA PET detected significantly more lesions tH&R-FDG PET (56 vs. 35)
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(p=0.009). In PET-positive patients, WBMTB ir-DOPA PET was significantly correlated
with calcitonin levels (r=0.82) (p=0.012nd CEA levels (r=0.88) (p=0.004) but not with
doubling times. There was no significant correlatietween WBMTB of®F-FDG PET and

calcitonin and CEA levels or doubling timd&etween the different WBMTB categories and

calcitonin and CEA doubling times, no significaakation was found.

Table 4 Biochemical parameters and WBMTB in different WBMTB categories (Group C)

WBMTB Category

“rpOPA>"F-  '*r-FDG> r.DOPA=  Negative P
FDG (n=4) °F-DOPA (n=4) “F-FDG (n=2)

Calcitonin (ng/L)

Median 13052 650 14958 246 0.015
Range 832-161,275 89-1,066 6,679-22,236 18-1,030
CEA (ug/L) 0.002
Median 727 14.2 1088 3.1
Range 22-2620 0.8-29.3 32.4-2144 0.5-28.1
Calcitonin and CEA doubling time
Calcitonin or CEA < 24 mo 1 3 2 3
Calcitonin and CEA > 24 mo 3 1 0 8 NS
No. of lesions
®F-FDG
Mean 1.3 5.3 4.5
Total 5 21 9
8F.DOPA
Mean 9.5 2.5 4
Total 38 10 8
WBMTB (cm?)
®F-FDG
Median 55.4 83.3 275
Range 0-121 18.8-920 11.5-538
'8F-DOPA
Median 271.6 6.1 271
Range 15.3-983 0-465 12.5-530

Treatment based on PET

Eight patients underwent reoperation because oirrest disease. In 5 patients, PET showed
local disease and contributed to the decision fogery.'®F-FDG PET was performed in 4
and positive in 22°F-DOPA PET was performed in 4 patients and positiv8. All PET
lesions were confirmed on histological examinatiorthe other 3 patients, PET was negative
and surgery was performed because of positive ctiorel imaging or palpable
abnormalities. All patients who underwent reoperathad no clinical progression during
follow-up (range 6.6—106 months). Seven patienteived targeted treatment with tyrosine
kinase inhibitors.'®F-FDG PET imaging was performed in 6 patients atidshowed
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metastatic diseasé®F-DOPA PET was performed in 5 and showed metastigizase in 4.
Three patients developed stable disease. The @thgratients did not receive surgical or

systemic treatment during follow-up.

Survival and PET outcome

In the 42 patients of whom follow-up data were &lde, median follow-up was 63.8 months
(range 2.3-114 months). During follow-up 11 patsedied: 7 because of progressive MTC, 3
because of other causes (prostate cancer, oes@ptageer and sepsis due to perforated
appendicitis) and in 1 patient for whom the reasbdeath was unknown. In 37 patients with
8c_.FDG PET imaging and sufficient follow-up, suniwveas significantly lower if°F-FDG
PET positive patients than HiF-FDG PET negative patients (p<0.001) (Figure 3M)e
same was true for®F-DOPA PET positive compared with -negative patieft=34)
(p=0.019) (Figure 3B). However, in univariate aiséyof patients who had undergone both
8c.FDG PET and®F-DOPA PET (n=22), the survival in patients wittpasitive '°F-FDG
PET was lower and independent'&-DOPA PET outcome, whereas survival'iR-DOPA
PET positive patients was dependent®fFDG PET outcome (p=0.018) (Figure 3C). Figure

4 shows a patient with biochemical progressiveatiseand uptake on both scans.

A B C
s 01 5 01 s 07 FFDG - | FEFDG
18| - © e © 1B | - 18F. -
% 08 - e 22 % 0,8 THD:O:’G’;" % 0.8 F.DOPA+ | '9F-DOPA -
? 06 - 2 06 - . ? 06 - "= e
@ o 18F- * 4 ——————+% BE.pOPA - (N=2)
2 04 A BF-FDG + Z 04 (n=18) 2 04
g (n=14) g % 1F-FDG
0,2 | 0,2 1 0,2 DG gy
E o £
00 25 50 75 10,0 00 25 50 75 100 0,0 2,5 5,0 7,5 10,0
Time from PET scan (y) Time from PET scan (y) Time from first PET scan (y)

Figure 3 Kaplan Meier curve of survival (in years) after ®FFDG PET (A), ®E_DOPA PET (B) and both BE-FDG
PET and '*F-DOPA PET(C).

101



Chapter 6

Figure 4 MTC patient with uptake on both '®F-DOPA PET (left) and '*F-FDG PET (right). On ‘*F-DOPA-PET
lesions are seen in the right supraclavicular region, the right hemithorax and there is slight uptake subcarinal. In
the abdomen there are several lesions with faint uptake. Also on ®F_FDG-PET uptake is seen in the right
supraclavicular region, right hemithorax and intensive uptake subcarinal. Furthermore several lesions are seen
in the liver region. Calcitonin and CEA levels were highly elevated (23236 ng/L (ref 0.3-12 ng/L) and 2144 ug/L
(ref 0.5-5.0 pg/L)) and calcitonin and CEA doubling times were short; 13 months and 12 months respectively.
The patient died 29 months after scans were performed due to progressive disease.

Discussion

In this study,'®F-FDG PET was superior t8F-DOPA PET in identifying patients with
progressive disease. UnliK&F-DOPA PET positivity,'F-FDG PET positivity correlated
significantly with biochemical progressive diseaBerthermore, we showed th&F-FDG
PET- and'®F-DOPA PET positive patients, had a significantécieased survival. However,
univariate analysis in patients for whom both scamese performed showed th¥F-FDG
PET positivity had the most influence on surviselBMTB analysis showed that metabolic
activity on '®F-DOPA PET correlated significantly with calcitoniand CEA levels.
Differences (>10%) in WBMTB on®F-FDG PET and®F-DOPA PET could not distinguish
stable from progressive disease.

In a previous study of our institute focusing ceteting residual disease with bdfi-
FDG PET and®F-DOPA PET, we already described the superiority®6fFDG PET in 2
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patients with progressive dised§&his outcome is probably based on the fact thgtessive
(dedifferentiated) disease has a higher glucosaboésm and consequently high&F-FDG
uptake. This observation was also made by othetsthm described series are rather
small}**>1718Bogsrud et al. showed a higher mortalityiR-FDG PET positive patients than
in 1®F-FDG PET negative patieft§However, survival data in patients witlF--DOPA PET
have not been described before. This study shoatspttogressive patients can be identified
with both PET techniques, taking into account bélctal parameters and survival.

For *®*F-FDG PET of patients with progressive MTC, notyohhve higher sensitivities
been described but also increased tracer interiddyzola et al. included only patients with
short doubling times (6-9 months) and showed sicanitly higher maximum SUV offF-
FDG PET versu$®F-DOPA PET, although patient- and lesion-basediteinsof ‘°F-DOPA
PET was highet® In our WBMTB analysis, we did not find a signifitadifference in
doubling times between patients with a higher uptak **F-FDG PET and patients with a
higher uptake or®F-DOPA PET. This lack of significance could haveebeaused by the
small number of patients with positive scan resutsWBMTB analysis (n=11) or the
different doubling time cut-offs used for definipgogressive disease.

Although the doubling times of calcitonin and CBAve thus far been the most reliable
indicators of recurrence and progressive diseaddTi@, cut-off values are still a matter of
discussion. Meijer et al. showed a higher hazatid far recurrence for a calcitonin doubling
time cut-off of 12 months (hazard ratio, 5.33) tl2@nmonths (hazard ratio, 2.93), but warned
about interpreting these cut-off values with caufidvioreover that study focuses on disease
recurrence and not progression in general. We based4 months cut-off for doubling times
on the results of the study by Giraudet et al., wbmpared doubling times with progression
according to the Response Evaluation Criteria itidSdoumours (RECIST). They found
progressive disease in 94% of patients with dogblimes less than 25 months while 86%
had stable disease when doubling times were mare2#t monthS.

Our results show a significant correlation betwa¥BMTB on '®F-DOPA PET and
calcitonin and CEA levels, demonstrating ti#&-DOPA PET might be a good indicator of
tumour load. Although'®F-FDG PET is better in distinguishing progressiisedse,'®F-
DOPA PET seems to be more important in assessmgxtent of residual disease. In our
WBMTB analysis,**F-DOPA PET also detected more tumour lesions th@n°8-FDG PET.
On the whole,’®F-DOPA PET is superior t0*F-FDG PET with a higher patient-based
sensitivity (64% vs. 48%, respectively [range, 383846 vs. 17%-64%, respectively]) and
lesion-based sensitivity (72% vs 52%, respectiyeinge 52%-94% vs. 28%-62%]) (Table
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5) 1215178 owever, in line with the study of Kauhanen etaald a recent review by Wong et
al., combining both modalities increases sensjtiaitd is complementary:?®

Nevertheless, many patients with biochemical merirdisease do not show lesions on
currently available imaging modalities. Most of gshepatients have moderately elevated
tumour markers and long doubling times, probablgaose of the nature of calcitonin-
producing metastases (sclerotic, necrotic or daftifand their small siZ8.A previous study
of our centre showed that MTC lesions are besttedeon'®F -DOPA PET above >500 ng/L
and ROC curve analysis in the current study foundtaoff value of 825 ng/l to be optimal in
distinguishing*®F -DOPA PET-positive from -negative patieftsThis cut-off value is also
dependent on the resolution of the PET camera mystehich with new developments
becomes increasingly sensitive. Also, the combomatif PET with CT increases the yield of
these scans and lowers the threshold for locatizaif tumour lesion$’

The negative predictive value for biochemical pesgive disease in our study was 88%
for *®F-FDG PET and 75% fdPF-DOPA PET. However, there are still patients -hbiot our
study (n=3) and in other series — who have rapidlyeasing tumour markers but do not have
positive functional imaging result&.in these patients, there is still need for othedatities
for the detection of occult MTC. Yet, the first véts of new tracers lik&°Ga-somatostatin

analogues of'C-Methionine are not convincing:?®2°

Table 5 Patient and lesion based sensitivity of *®F-FDG PET and *®F-DOPA PET.

PET patient based sensitivity % (n) PET lesion based sensitivity % (n)
N “F-FDG '"F-DOPA  Combined  Totalno.of '*F-FDG  '°F-DOPA
lesions

Hoegerle et al. 2001 11 64% (7) 64% (7) 73% (8) 27 44% (12) 63% (17)
Beuthien-Baumann et

15 47%(7)  47%(7) 60% (9) NA NA NA
al. 2007
Beheshti et al. 2009 26 58% (15)  81% (21) 85% (22) 53 62% (33)  94% (50)
Marzola et al. 2010 18 61% (11)  83% (15) 89% (16) 111 58% (64)  76% (84)
Kauhanen et al. 2011 19 53% (10)  58% (11) 63% (12) 118 47% (55)  52% (61)
Treglia et al. 2012 18 17% (3)  72% (13) 72% (13) 72 28% (20)  85% (61)
This study 21 38%(8)  38%(8) 48% (10) 75 47% (35)  75% (56)
Total 128 48% (61)  64% (82) 70% (90) 456 48% (219)  72% (329)

*Average calcitonin, median not available. *Only 19 pts with data available. <cOnly patients included in WBMTB
analysis.

104



®c_EDG PET and "®F-DOPA PET in MTC

On the basis of the results of this and previoudiss, we recommend a combined approach
for patients with recurrent MTC and increasing tumanarkers (Figure 5). Conventional
imaging of the neck (ultrasound, MRI or CT) to detivcalized disease can be followed by
8c_.FDG PET or PET/CT to identify progressive disedsehe case of a negativeF-FDG
PET result or the presence of only localized regBetdisease (head and neck region)’&n
DOPA PET or PET/CT scan is recommended, to exctlisiant metastasis and support the
decision for local surgery.

MTC patient with
increased tumor markers

v

Conventional imaging
(CT/MRI/US)

-+ —

A 4
8F-FDG PET(/CT)

+ _—

4
Localized disease

v y

18F-FDOPA PET(/CT)

A 4 \ 4 l
Distant metastatic Localized disease Localized disease on
disease conventional imaging or
18F-FDG PET
A 4 \ 4 A
Consider targeted Consider surgical Consider follow-up
therapy treatment if anatomic

substrate on
conventional imaging

Figure 5 Flow-diagram for combined approach of ®F-FDG PET and "®F-DOPA PET in patients with recurrent
MTC and increasing tumour markers. If '8E-FDG PET or ®F-DOPA PET shows distant metastatic disease, targeted
therapy can be considered. If there is resectable localized disease on ®c_FDG PET or "®F-DOPA PET, with an
anatomical substrate, surgery could be considered. If both ®F_FDG PET and "®F-DOPA PET are negative, follow-
up would be appropriate.
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This study is limited by its retrospective charaeted the differences iff{F-FDG PET uptake
time, which can result in differences in the med®VvS Most of our patients who were
included in the WBMTB analysis had an uptake tirhé@min (n=16). Because the WBMTB
for determination of tumour load depends not ontytbe mean SUV but also on tumour
volume and number of lesions we concluded thatghtstlifference in mean SUV does not
significantly influence our results. Furthermorbere could be a selection bias in patients
undergoing only 1 type of scan, or both scans. Heweno significant difference existed in
patient characteristics (including doubling timégtween these 2 groups (data not shown).
Other limitations are the small study size, whistoften the case with rare tumours, and the

fact that not all PET lesions were histologicalbntrmed.

Conclusion

In MTC patients, *®F-FDG PET positivity seems to be associated withciemical
progressive disease and significantly affects satvi®F-DOPA PET has a higher sensitivity
than ‘°F-FDG PET, and WBMTB ort®F-DOPA PET can be related to the tumour load.
Therefore,**F-DOPA PET seems to be more important in assessigxtent of the disease
in patients with residual disease wher&#sFDG PET can more accurately identify patients
with progressive disease. Both scans may be usgditie therapeutic strategies in patients

with recurrent MTC.
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