INVITED COMMENTARY

|s Thyroid Stunning a Real Phenomenon or Just

Fiction?

Thyroid stunning is usually defined
as decreased uptake or trapping of ra-
dioiodine 131 by normal thyroid tissue
or differentiated thyroid cancer after
diagnostic administration of 3. As
simple as this definition might be, it is
as important to understand the mecha-
nisms by which this phenomenon, if
real, is caused. There are 2 possible
explanations: Stunning may result ei-
ther from areduction of the number of
functional thyroid cells smply caused
by cell death due to the B-radiation of
1311 (this would be, rather, a partia
ablation) or from a decreased ability of
viable thyroid cells to trap or retain
radioiodine for a more-or-less specific
time interval. The first explanation for
stunning—that is, a partial ablation
caused by activities administered diag-
nostically in cancer patients that are
comparable with activities used thera-
peutically for thyrotoxicosis—would
indicate therapeutic effects comparable
with a fractionated therapy. Another
possible ablation mechanism could be
intratherapeutic necrosis due to high
radiation doses of 3 within the first
24—48 h, as observed by Guiraud-Vi-
taux et al. (1), resulting in a reduced
number of cells and, thus, reduced up-
take when intratherapeutic imaging or
uptake measurements are usually per-
formed after 48 h or later. However,
the second explanation for stunning—a
radiation-induced reduction of iodine
uptake or metabolism in viable cells—
would imply a potential reduction of
the therapeutic efficacy of radioiodine
treatment after diagnostic 13 imaging,
raising the question of whether the
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management of patients has to be
changed.

Since the first report on intrathera-
peutically reduced uptake of 131 after
diagnostic studies with this radioiso-
tope by Rawson et al. (2) in 1951, the
phenomenon of thyroid stunning has
been investigated by severa authors,
who have reported contradictory find-
ings. Interestingly, most of the articles
using a quantitative approach did show
evidence for stunning, whereas the re-
ports dealing with qualitative methods
(i.e., visual assessment of scans or as-
sessment of the therapeutic outcome of
patients) yielded conflicting results.
For example, Leger et a. (3) and Kao
and Yen (4) described a visualy re-
duced or suppressed uptake of radioio-
dinein thyroid remnants after scanning
with 185 and 111 MBq 3!, respec-
tively, whereas other authors, such as
McDougall (5) or Cholewinski et al.
(6), found no changes of the 13! uptake
pattern when diagnostic and subse-
guent therapeutic scans were com-
pared. Contradictory results were also
obtained in studies on ablation rates of
thyroid remnants. For example, Mura-
tet et al. (7) detected a significantly
higher ablation rate of postsurgical
remnants in patients after a diagnostic
scan with 37 MB(q than after a scan-
ning dose of 111 MBq 3! (76% vs.
50%; P < 0.001). On the other hand,
Morris et a. (8) reported on the non-
impact of thyroid stunning for the rem-
nant ablation rates in nonscanned and
scanned patients using 111-185 MBq
131, However, quantitative studies by
Legeretal., Huicet a. (9), and Sabri et
al. (10) always proved a reduced ther-
apeutic versus diagnostic 3! uptake.
Furthermore, data indicate that stun-
ning, as expected from a radiobiologic
point of view, is related to dose: Sabri
et al. clearly showed that stunning ex-

ists in benign thyroid disease and that
there was a significant correlation be-
tween thyroid stunning and the first
absorbed energy dose. Jeevanram et al.
(11) observed a reduction in uptake
that was proportional to the calculated
radiation dose, ranging from 31 to 73
Gy in postthyroidectomy patients, and
Medvedec (12) reported on significant
stunning effects above doses as low as
10 Gy. On the basis of clinical papers
providing quantitative data, Coakley
(13) recently concluded in his edito-
rial: “Evidence that stunning is a real
phenomenon is now strong, albeit not
yet conclusive.”

Besides the aforementioned clinical
studies, few experimental studies deal-
ing with radiation-induced changes
and thyroid stunning have been pub-
lished (1,14). Guiraud-Vitaux et a. (1)
observed morphologic and ultrastruc-
tural changes in rat thyroid cells after
administration of diagnostic and ther-
apeutic amounts of 13 typical for ne-
crosis of the cells with no signs of
apoptosis. Thereby, the effects of 13
varied only in quantity, with a much
higher number of damaged cells in the
therapeutic group. Furthermore, in the
diagnostic group the damage was ob-
served only at 24 h but not at 48 h,
whereas in the therapeutic group
changes were found at any time. In 2
animals that received 9 MBqg 34 8 d
after injection of 0.45 MBq 3!l (1.85
MBa/g of thyroid tissue), radioiodine
uptake per gram of thyroid was similar
to that obtained in the therapeutic
group.

A completely new and functional
approach dealing with thyroid stunning
at the cellular level is presented by
Postgérd et al. (15) in thisissue of The
Journal of Nuclear Medicine. Porcine
thyroid cells were cultured in a bicam-
era system in which the cell mono-
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layer divided 2 chambers according to
the in vivo situation, which consists of
3 compartments: the follicular epithe-
lium, the extrafollicular space (basal),
and the follicular lumen (apical). This
model allows measurement of the
transepithelial iodine transport capac-
ity, resulting in an iodine accumulation
in the follicular lumen. After irradia-
tion of the thyroid cells with different
activities of 31| for 48 h, correspond-
ing to absorbed doses of 3—80 Gy, the
iodine transport capacity was evalu-
ated 3 d after terminating the irradia-
tion period—that is, 5 d after 131 ap-
plication. In this experimental setting a
reduction of the unilateral iodine trans-
port from the extrafollicular space to
the luminal space by nearly 50% was
observed already at absorbed doses as
low as 3 Gy, with a nearly complete
blocking of iodine transport at 80 Gy,
whereas an incubation with stable 1%7|
in the same iodine molarity revealed
no significant differences compared
with that of the control group. Signif-
icant cell loss, either by necrosis or
apoptosis, did not occur, and the bar-
rier function of the cell layer, as eval-
uated by measurements of the trans-
epithelial resistance, did not change,
even for an absorbed dose of 80 Gy.
Thus, according to the results of
Postgérd et al. (15), there is clear evi-
dence that stunning is a real phenom-
enon, meaning a radiation-induced and
dose-dependent reduction of theiodine
transport capacity of viable thyroid
cells, and that stunning is not the result
of a significant cell loss caused by ne-
crosis or apoptosis. These findings are
in a line with the histomorphologic
data of Guiraud-Vitaux (1) obtained in
rat thyroid cells. However, their con-
tradictory observation that radioiodine
uptake 8 d after a diagnostic injection
of ¥ is similar to that obtained in
nonpretreated rats might be due to the
longer interval (8 d vs. 5 d) between
pretreatment and uptake measurement.
Therefore, it is absolutely essential to
perform further experimental studiesto
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learn more about thyroid stunning,
such as the time of onset and the du-
ration of this effect with respect to the
absorbed doses and dose rates.

Furthermore, the results of Postgard
et a. (15) do support al quantitative
studies indicating a reduced iodine up-
take after diagnostic irradiation with
131] (3,9,16). The dataimply a potential
reduction of the therapeutic efficacy of
radioiodine treatment after diagnostic
131 imaging, even at low absorbed
doses. Therefore, it isimportant to fur-
ther investigate systematically the im-
pact of thyroid stunning with respect to
the administered activity or, rather, the
absorbed dose for the various clinical
situations in the treatment and fol-
low-up of thyroid cancer patients and
to clarify whether the management of
patients must be changed, as discussed
by several investigators (13,17-21).
The most important aspect seemsto be
to reconsider if, and in which clinical
situations, diagnostic studies with 13|
are necessary before radioiodine ther-
apy besides for dosimetric purposes
(which, in most cases, are not possible
because of unknown lesion volumes).

In conclusion, thyroid stunning is a
real phenomenon, as proven now at the
cellular level. Much work remains to
be done to fully understand this phe-
nomenon in detail and to clarify the
impact on diagnostic and therapeutic
procedures to consequently improve
and adjust the management of differ-
entiated thyroid cancer for the patient’s
benefit.
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