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Impact of 134 Diagnostic Activities on the
Biokinetics of Thyroid Remnants
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Recent publications described many discrepant findings about
thyroid “stunning” after the administration of '¥'l diagnostic
activities to patients with differentiated thyroid carcinoma. Stun-
ning may play a major role in reducing the therapeutic efficacy
of high 31| activities given for ablation therapy. Methods: Par-
ticipation in a multicenter study to investigate differences in
iodine biokinetics in the hypothyroid state and after the appli-
cation of recombinant human thyroid-stimulating hormone en-
abled us to study quantitative changes in thyroid iodine bioki-
netics after the administration of 74 MBq of '3'| twice within 6 wk
and an ablation activity of 3-4 GBqg 7-12 d after the second
diagnostic administration of 3! in 6 patients. Results: The
uptake and half-life of the first 74 MBq of 137 were significantly
reduced to a mean of 44% and a mean of 51%, respectively,
after the second diagnostic administration and further reduced
to a mean of 40% and a mean of 30%, respectively, during
ablation therapy. The residence times were reduced to 25% in
the second dosimetric assessment and to 10% during therapy
compared with the value in the first assessment. For one pa-
tient, an estimated absorbed dose as high as 38 Gy was found
in the first diagnostic study. The mean dose for all patients after
the first assessment was 15 Gy; after each further assessment,
the dose was reduced according to the decrease in residence
time. Conclusion: This study shows a severe impact of 74 MBq
of 131] on the biokinetics of thyroid remnants during subsequent
radioiodine therapy.
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may influence the rate of success of consecutive radioiodine
treatments for the ablation of DTC.

The topic has been discussed in many publicatidrs (
20). Some groups described an impact on the visibility of
lesions in posttherapeutic sca®s-11,19), disregarding the
fact that it depends on a variety of factors, sucly&amera
sensitivity, time after radioiodine administration, or thyroid-
stimulating hormone (TSH) level. Some authors focused on
the effect of diagnostic activity on the results of postthera-
peutic scanning (2-5) or on the remnant ablation dose
(3-6). Others investigated the outcome, defined as the thy-
roid remnant ablation rate, showing different percentages of
ablation failures (12,17,19). Hilditch et al. (20) showed that
there is a reduced uptake of therapeutic radioiodine in the
thyroid bed after the administration of 120 MBq 6l for
diagnostic scans compared with the results for a group of
patients who receivet| for diagnostic scans.

To our knowledge, nobody has yet provided evidence
that the impact of moderate doses really is temporary or has
suggested a time frame for full regeneration. The underlying
mechanisms at the cellular level are not fully understood,
and it has not yet been proven whether the concern is
temporary stunning or nonreversible destruction. However,
care must be taken not to reduce the chances of success of
radioiodine ablation treatments because of unconsidered
dose reductions attributable to moderate pretherapeutic
doses.

Participation in an international multicenter dosimetry
study (21) and a follow-up study enabled us to investigate
quantitative changes in thyroid iodine biokinetics after the

I t is well known that the administration of diagnosticadministration of 74 MBq o34 twice within 6 wk and an
activities of radioiodine may influence iodine biokinetics irablation activity of 3—-4 GBq 7-12 d after the second diag-
the thyroid during subsequent radioiodine ablation therapystic administration o34 in 6 patients.

for differentiated thyroid carcinoma (DTC). The phenome- Originally, the first study was performed to determine the
non usually is called “stunning,” as it is assumed to be @yrection factor to be applied to thé4 activity for DTC
temporary malfunction of the thyroid tissue attributable tgemnant ablation therapy with recombinant human TSH
moderate nonablative radiation doses in the range of a fg#TSH) in euthyroid patients versus conventional subse-
Gy to some 10 Gy. The importance of the effect is that §,ent hypothyroid conditions after thyroid hormone with-
drawal (21). Because the findings of the study (21) showed
evidence of reduced remnant residence times in hypothy-
roidism, we analyzed data for a subset of 5 patients inves-
tigated at our site in more detail. In addition, a further study
was initiated with dose assessments in reverse order (con-
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ventional hypothyroid conditions versus euthyroid condi-
tions first and rhTSH administration second).

The objectives of this work were to verify whether the
reduced residence times were attributable to an effect of
rhTSH and to quantify the potential contribution of stun-
ning. Furthermore, the effect of the 2 preceding diagnostic
procedures on the biokinetics of therapeutic 31 activities
for thyroid remnants was analyzed.

MATERIALS AND METHODS

Patients

Both studies were approved by the local ethics committee and
by German radiation protection authorities. Six patients (2 male
and 4 female) who had DTC and who were referred to our center
shortly after surgery were enrolled in the studies. Five patients
(P1-P5) initialy received a diagnostic activity of 74 MBq of 13
under euthyroid conditions after 2 or 3 injections of rhTSH (Thy-
rogen; Genzyme); this step was followed by a dosimetric study.
After the first dosimetric study, thyroid hormone suppressive ther-
apy was discontinued to achieve a TSH level of higher than 30
mU/L. At 4-6 wk after administration of the first diagnostic
activity of 74 MBq of 1311, the patients received a second diagnos-
tic activity of 74 MBq of 131I; this step was followed by a second
dosimetric assessment. After 7-9 d, 3-4 GBq of 31| were admin-
istered for remnant ablation, according to our loca standard op-
erational procedures. All 131 activities (capsules) were given
oraly. A schematic representation of the time lines for the studies
is shown in Figure 1.

One patient (P6) participated in the second study with diagnos-
tic assessments in reverse order (first hypothyroid and then euthy-
roid). For this patient, an ablation activity of 3.85 GBq of 131 was
administered 12 d after the second dosimetric assessment. The
time interval was longer because another course of exogenous
TSH stimulation was needed.

We had planned to enroll another 2 patients but, after finalizing
the assessment of patient P6, we discontinued the second study for
ethical reasons, as potentialy insufficient ablation doses were
expected.

A complete set of patient data, including demographics and data
on TNM stage, rhTSH regimen, TSH and thyroglobulin levels, and
study time intervals, is shown in Table 1. Five of the patients had
more than 1 lesion after surgery.

Imaging

Spot images of the neck were acquired to determine biokinetics.
For the diagnostic assessments, measurements were obtained at
nominal time points of 6, 24, 48, and 120—144 h after administra-
tion. After therapy, at least 3 scintigrams were acquired starting at
48 h after 181 administration and ending at 6-14 d after 13|
administration.

The y-camera used was a standard dual-head camera (Body-
scan; Siemens) equipped with a high-energy general-purpose col-
limator. The acquisition time was 300 s (128 X 128 matrix), with
a15% window centered on the 364-keV peak of 131, The pixel size
of the camera for a 128 X 128 matrix was 4 mm. For quality
control purposes, a 133Ba source with an activity of 1.85 MBq was
scanned together with the patient. Additionally, an acrylic calibra-
tion phantom (150 X 50 X 50 mm) containing 2 separate flat 1311
sources (source diameter, 25 mm; source distance, 100 mm; thick-
ness, <1 mm; attenuation layer on the top and on the bottom of the
sources, 25 mm; activities, 1.85 and 5.55 MB(q) was placed on the
patient bed and scanned with the same parameters as the patient.

The geometric mean net counts were 5.8 counts of 131 per
kilobecquerel in the lesion for a 5-min scan, corresponding to 430
net counts for an uptake of 0.1% in the diagnostic assessments.

Dosimetry

The computer code NUCLIDOSE (22) was used to draw re-
gions of interest (ROIs) around the remnant and the sources and to
copy them identically to subsequent images. Representative ROIs
adjacent to the respective remnant regions were used for back-
ground correction. The counts used for the dosimetric calculations
were the geometric means of anterior and posterior counts in the
remnant regions corrected for the background counts per pixel as
calculated from the background region.

Uptake was calculated by use of the camera efficiency obtained
from the phantom measurements by taking into account the atten-
uation in the phantom. A transmission factor of 0.3 was applied to
correct for the attenuation in the neck at an 11-cm neck thickness.
Deviations from that “standard” neck thickness resulted in errors
of 5% per centimeter only and were neglected.

The effective half-lives were evaluated by linear regression to
the logarithms of the uptake values at nominal times 24 h after
administration or later. The remnant residence times for the dosi-
metric assessments were calculated as the sum of the integrals of
trapezoidal functions up to 24 h and the exponential decay function
obtained from the regression after 24 h.

__ «— 1016 wkon THST ——————+— 4-7 wk off THST
T
h TSH< |  Euthyroid on T4 TSH> Hypothyroid
0.5mun 30 mU/L ) —
Y p= (2-3x 0.9 mg rhTSH) (withdrawal) —>| A
o 74 MBq 1 74 MBq 11 b
; !
d — 12wk —— t
¢ i
: ) Hypothyroid Euthyroid on T, o
o1 (withdrawal) (2x0.9 mg thTSH) |—>|n|
TSH 2 131 TSH < 1t
m 30 mUIL 74 MBq "I o5mun| 74 MBq
N : _ y
FIGU.RE 1. Time lines for ;tudles. THST = | & 6 wk off THST 7 wk on THST
thyroid hormone suppressive therapy.

620

THE JoURNAL OF NucLEAR MEDICINE ¢ Vol. 45 ¢ No. 4 « April 2004


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

TABLE 1
Patient Data

Value for patient:

Parameter P1 P2 P3 P4 P5 P6 Mean = SD Median

Patient age (y) 57 37 46 32 45 32 42 =10 41
Patient height (cm) 170 165 165 179 174 188 174 =9 172
Patient weight (kg) 70 64 54 96 64 88 73 =16 67
BMI (kg/m?) 24.2 23.5 19.8 30.0 21.1 24.9 239+ 35 23.9
TNM stage (UICC 1997) 3/0/0 2/0/0 4/0/0 2/0/0 2/0/0 2/0/0
Time to THST (d) 5 3 6 4 5 NA 46=*+1.1 5.0
Time between surgery and first

diagnostic course (d) 92 95 67 68 105 36 77 £ 25 80
TSH baseline (mU/L) 0.1 0.1 0.1 0.1 0.1 0.4
rhTSH regimen (no. of doses) 2 3 2 2 3 2
TSH at first diagnostic course

(mU/L) >80 >80 >80 >80 >80 >80
Tg at first diagnostic course

(ng/mL) 1.8 4.0 1.1 0.4 4.4 3.5 25+1.6 2.6
Time between first and second

diagnostic courses (d) 37 30 35 35 44 42 375 36
TSH at second diagnostic

course (mU/L) 26 >80 >80 >80 >80 >80
Tg at second diagnostic

course (ng/mL) 3.4 16 2.7 0.4 3.7 0.5 45 +58 3.1
Time between second

diagnostic course and

therapy (d) 9 7 7 8 7 12 8.3+2.0 7.5
TSH at therapy (mU/L) 42 >80 >80 >80 >80 >80
Tg at therapy (ng/mL) 4.5 7.2 2.7 0.4 2.9 0.8 3.1*+25 2.8
Therapeutic activity (GBq) 3.1 3.27 3.71 3.56 3.07 3.85 3.43 = 0.33 3.42
Outcome (at 6 mo follow-up) CR 181+ CR CR CR 1314

BMI = body mass index; Tg = thyroglobulin; NA = not applicable; CR = complete remission (Tg level < 0.2 ng/mL; no evidence of
pathologic '3l uptake in subsequent diagnostic scans; UICC 1997 = International Union Against Cancer, 5th edition); 13"+ = 137|-positive

scan.

For therapeutic assessment, the 24-h uptake was determined by
extrapolation of the deduced decay function. The residence time
for the therapeutic course was calculated as the residence time of
the first diagnostic course multiplied by the ratios of the therapeu-
tic 24-h uptake to the 24-h uptake of the first diagnostic scan and
the therapeutic half-life to the half-life of the first diagnostic scan.

To calculate the order of magnitude of the radiation doses
applied to the thyroid remnants, it was necessary to estimate the
remnant masses. At present, there is no validated method for
determining the masses of thyroid remnants after surgery exactly.
We adopted a previously described method (7,23) to estimate the
mass from the number of pixels significantly above the back-
ground level in the scintigraphic image and the pixel size by
assuming a mean thickness of the remnant of 2 mm. For determi-
nation of the number of pixels, aROI was drawn around the lesion.
A second ROI representing the background was drawn adjacent to
the lesion ROI to determine the average background counts. From
the lesion ROI, the number of pixels with the number of counts
exceeding the maximum of either twice the background or the sum
of the background plus 3 times the square root of the background
was determined.

An analysis of the remnant regions for all patients and al time
points for all scans showed systematically smaller lesion areas in
the second dosimetric assessment. At only a few days after the
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second assessment, however, the lesion area values during therapy
were almost identical to the values in the first assessment. Because
this effect is not considered to be a real change in mass from
course to course but may be dependent on specific lesion uptake
and on the total amount of the administered activity, we decided to
calculate the lesion mass values from the average of the lesion area
values of the 48-h scans, which were the only scans obtained at
identical time points for the 2 diagnostic courses and the therapy
course.

The doses delivered to the lesions were calculated from the
average mass values, the corresponding residence times, and the S
factors, as published by the MIRD Committee of the Society of
Nuclear Medicine (24).

The reductionsin uptake, half-life, and residence time observed
during the second diagnostic assessment and during the therapeutic
assessment were calculated as the ratios of the values for those
parameters during those assessments to the values during the first
diagnostic assessment.

RESULTS

The results of the scan assessment are shown in Table 2.
The iodine kinetics in the remnants (lesion 1 [L1] or lesion
2 [L2]) in the 2 diagnostic courses and the therapeutic
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TABLE 2
Uptake at 24 Hours and Effective Half-Life of 31|

% 24-h uptake during:

Effective half-life (h) during:

Patient Lesion Course 1 Course 2 Therapy Course 1 Course 2 Therapy
P1 L1 0.78 0.76 0.57 192 87 76
P2 L1 4.24 0.46 0.17 165 69 58

L2 1.16 0.13 0.04 144 37 44
P3 L1 0.72 0.55 0.49 192 109 42
L2 0.14 0.11 0.14 189 105 34
P4 L1 0.39 0.21 0.25 192 81 45
L2 0.20 0.20 0.22 190 126 35
P5 L1 8.35 1.28 0.89 161 122 69
L2 0.71 0.07 0.04 192 130 76
P6 L1 0.96 0.26 0.05 116 60 39
L2 0.39 0.03 0.01 122 45 32

course are shown for patients P1-P6. Uptake and half-life
were reduced to 44% (mean; range, 8%—98%; P < 0.001, as
determined by the Wilcoxon test) and 51% (mean; range,
26%—76%; P < 0.001), respectively, in the second diagnos-
tic assessment and to 40% (mean; range, 3%-107%; P <
0.001) and 30% (mean; range, 18%—43%; P < 0.001),
respectively, during therapy.

Table 3 shows the residence times calculated from the
data obtained. The residence times were reduced to 25%
(mean; range, 4%—63%; P < 0.001) in the second course
and to 10% (mean; range, 1%-29%; P < 0.001) during
therapy. Thelesion masses shown in Table 3 are the average
values for the therapeutic course and the 2 diagnostic
courses at 48 h.

The doses delivered to the thyroid remnants during the
diagnostic procedures reached a maximum of 38 Gy for 1
patient (P5, L1) in the first diagnostic assessment. The
resulting dose after 2 courses of 74 MBq of 13! diagnostic
imaging for this patient was about 43 Gy. The mean value

for all patients in the first assessment was 15 Gy, with a
minimum of 4 Gy.

Figure 2 shows the 24-h uptake, the effective half-life,
and the residence time for the 11 lesions during the 2
diagnostic courses and during therapy. The dotted lines
connect the data points for each lesion. The horizontal bars
indicate the median for each data set.

Figure 3 shows an example (patient P6) of the decreasein
the 48-h uptake in the first (Fig. 3A) and second (Fig. 3B)
diagnostic assessments and at 48 h after the administration
of therapeutic activity (Fig. 3C). The gray scale of the
therapeutic image (Fig. 3C) was adjusted to the adminis-
tered activity.

The results of the study show clear differences in iodine
kinetics between the first and second diagnostic imaging
procedures and a further reduction in the ability of remnants
to take up and store iodine during the therapy course.

Patients P1, P3, P4, and P5 showed complete remission
after ablation (thyroglobulin level, less than 0.2 ng/mL; no

TABLE 3
Lesion Residence Times, Estimated Masses, and Doses

Residence time (h) during:

Dose (Gy)* during:

Mass
Patient Lesion Course 1 Course 2 Therapy (9) Course 1 Course 2 Therapy
P1 L1 2.30 1.08 0.67 3.2 6 3 76
P2 L1 10.9 0.56 0.15 4.0 25 1 15
L2 2.58 0.09 0.03 0.9 27 1 12
P3 L1 2.13 0.98 0.32 2.5 8 4 57
L2 0.42 0.20 0.08 0.4 9 4 83
P4 L1 1.18 0.29 0.18 1.5 7 2 50
L2 0.62 0.39 0.13 1.3 4 3 40
P5 L1 21.0 2.48 0.96 4.9 38 5 72
L2 2.08 0.15 0.05 0.7 25 2 23
P6 L1 1.76 0.28 0.03 3.4 5 1 4
L2 0.76 0.03 0.01 0.6 12 4

*Because of limited accuracy of mass determinations, doses are rounded to integers.
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FIGURE 2. Uptake at 24 h, effective half-life, and residence time for 11 lesions during diagnostic courses 1 and 2 and during

therapy. The dotted lines connect the data points for each lesion; the horizontal bars indicate the medians.

evidence of pathologic 3! uptake in subsequent diagnostic
scans). Patients P2 and P6 had positive follow-up scans,
with 290 MBq of 13! after 6 mo (uptake limited to the
thyroid bed in lesions L1 and L2 in both patients was still
visible), resulting in the need for a second course of therapy
with 131],

DISCUSSION

In vitro experiments showed that stunning of iodide trans-
port occurs after 13! irradiation of cultured thyroid cells
(25). The results of patient studies investigating the impact
of diagnostic activity on iodine kinetics in thyroid remnants
range from the absence of any effect to the observation of
reduced uptake comparable to that found in this study
(4,6,14). The decrease in therapeutic uptake is expected to
depend on the timing of the diagnostic administration. Some
authors (14,16,17) have focused on the influence on thyroid
lesion uptake during therapy a few days after diagnostic
dosimetry, when about one-third of the dose from the tracer
already has been deposited. After some weeks, the dose and
the impact may be higher. On the other hand, the tissue may
recover.

The specia design of the present study enabled us to
show for the first time significant effects on both uptake and
effective half-life in thyroid tissue 4—6 wk after adiagnostic

A B C
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scan in the absence of any impact of therapeutic activities
on iodine kinetics. This means that at least up to 4 wk after
the administration of a diagnostic activity even aslow as 74
MBq, the dose delivered to a thyroid remnant for ablation
therapy may be reduced. This time interval appears to be
long for an acute transient effect of moderate doses. Fur-
thermore, the reduction in residence time attributable to
diagnostic activity was confirmed by the results of the
iodine kinetic measurements obtained during therapy after
the second diagnostic assessment.

The masses (shown in Table 3) and, as a consequence, the
calculated absolute radiation doses must be considered less
accurate than the uptake values and the corresponding ef-
fective half-lives. For patients with a mean remnant thick-
ness exceeding the presumed value of 2 mm, masses are
underestimated and doses are overestimated. If the mean
remnant thickness is smaller, then the masses are smaller.
The doses, however, are not correspondingly higher, be-
cause an increasing fraction of the dose is deposited outside
the thyroid tissue, as the mean range of the radiation ex-
ceeds the dimensions of the residual tissue (26). Therefore,
it is very unlikely that doses are significantly underesti-
mated.

For one patient, a dose estimate as high as 38 Gy was
found in the first diagnostic study. The mean dose for all

FIGURE 3. Neck scans for patient P6 at
48 h during diagnostic course 1 (A), diagnos-
tic course 2 (B), and therapy (C). For the

- therapy scan, the gray scale was adjusted to
the diagnostic activity. The increased num-
ber of counts in the upper left corner in pan-
els A and B is an artifact caused by septal
penetration of the photons emitted by the
133Ba quality control phantom, which was
scanned together with the patient.
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patients after the first assessment was 15 Gy; after each
further assessment, the dose was reduced according to the
decrease in residence time. We suspect that reduced uptake
values and half-lives are manifestations of permanent de-
struction of tissue and not of stunning.

In al likelihood, this effect will occur for any tissue of
thyroid origin, although our results do not prove that the
same results can be found for metastatic tissue. As a con-
sequence, further studies are warranted to determine
whether the administration of 3 for diagnostic applica-
tions degrades the probability of total ablation during sub-
sequent radioiodine ablation therapy. A shortened time in-
terval between diagnostic procedures and therapy may
decrease the rate of stunning.

The sharp decrease in the residence times from course to
course raises suspicion that, in particular, well-differenti-
ated tissues are affected. This situation may result in poten-
tial negative selection of susceptible cells, possibly leading
to dedifferentiation of benign thyroid or tumor tissue attrib-
utable to radiation damage during the course of the disease.
There is proof, however, that in a mixed population of
thyroid cells, there are a variety of levels of expression of
the sodium iodide symporter, resulting in different radioio-
dine uptake levels in the same patient or lesion (27-29).

As the study originally was set up to analyze the differ-
ence in therapeutic activities to be administered to euthyroid
and hypothyroid patients after a diagnostic scan, we could
not rule out a direct effect of the use of rhTSH after
evaluation of the first 5 patients. These patients were
scanned after the administration of rhTSH first and were
withdrawn from thyroid hormones for the second course of
diagnostic scanning. Therefore, for patient P6, the order was
reversed (withdrawal first and rhTSH second). This patient
(P6) showed the same trend as the other 5 patients, as shown
in Table 2.

Originally, we had planned to enroll 3 patients in the
reverse-order study. However, there seemed to be a very
high probability that additional patients to be recruited
would show the same unfavorable results, leading to poten-
tialy insufficient ablation doses; therefore, no further pa
tients were included for ethical reasons.

With only 1 patient in the second study and with the
observed high variability in the residence time reduction for
the first group of patients (patients P1-P5), it was not
possible to deduce statistically significant differences be-
tween the studies. The effect of stunning is dominant and
masks a potential influence of rhTSH on iodine kinetics. An
ongoing multicenter trial comparing conventional ablation
therapy to ablation therapy with rhTSH may provide further
data on the influence of rhTSH on iodine kinetics.

CONCLUSION

Even diagnostic activities as low as 74 MBq may deliver
radiation doses to thyroid remnants that are not negligible
compared with the target dose of 300 Gy (30,000 rads),
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which is believed to be crucial for successful ablation after
thyroidectomy. A significant reduction in the ability of the
tissue to take up and store iodine is the most obvious
adverse effect of the radiation damage. In the light of our
findings, preablation diagnostic scanning with 3! can no
longer be recommended.

Alternatively, 23| could be used for investigations to rule
out any radiation-induced effect because of its much lower
radiation dose to thyroid tissue. A prospective study com-
paring diagnostic 123 scanning with rhTSH versus conven-
tional 13 scintigraphy under hypothyroid conditions is un-
der way.
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