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Abstract. Differentiated thyroid cancer is a malignant
tumour that has a fairly good prognosis, with patients
surviving for many years. Multimodal therapy with sur-
gery, radioiodine therapy and TSH suppressive medica-
tion is of proven efficacy. However, loss of differentia-
tion is observed in up to one-third of patients with differ-
entiated thyroid cancer, paralleled by an increase in tu-
mour grading and loss of thyroid-specific functions (thy-
rotropin receptor, iodine accumulation). Such tumours
may no longer be amenable to standard treatment proto-
cols, including TSH suppression and radioiodide therapy.
Retinoic acids have been shown to exert re-differentiat-
ing effects on thyrocytes in various experimental studies
and case reports, and it was on this basis that this pilot
study was initiated. Patients with advanced thyroid can-
cer and without the therapeutic options of operation or
radioiodide therapy were treated with 13-cis-retinoic ac-
id at a dosage of 1.5 mg/kg body weight daily over 5
weeks. Parameters for assessment of the therapeutic ef-
fect were serum thyroglobulin (TG) levels, radioiodine
uptake, and tumour size prior to and after retinoid treat-
ment. Fifty patients were evaluated for response, classi-
fied as reduction in tumour size and TG levels, stable
disease or disease progression. Thirteen patients showed
a clear increase in radioiodine uptake, and eight a mild
increase. TG levels were unchanged or decreased in 20
patients. Tumour size was assessable in 37 patients; tu-
mour regression was observed in six, and there was no
change in 22. In total, a response was seen in 19 patients
(38%). Response to retinoid therapy did not always cor-

relate with increased radioiodine uptake, so other direct
antiproliferative effects have to be assumed. The encour-
aging results of the study and the low rate of side-effects
with good tolerability of retinoids warrant further studies
with altered inclusion criteria and employment of other
redifferentiating drugs or combinations of agents.
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Introduction

Therapy of differentiated thyroid cancer (DTC) primarily
takes three forms: surgical removal of the tumour-bear-
ing thyroid gland and of extraglandular tumour spread in
lymph nodes or at distant sites; radioiodine therapy,
which is especially effective for ablation of thyroid rem-
nants and distant metastases; and thyrotropin (TSH) sup-
pressive thyroxine therapy. In the course of tumour pro-
gression, distinct morphological and functional charac-
teristics of DTCs disappear. This occurs in about one-
third of thyroid carcinomas, which show a change in his-
tological grading and altered iodide uptake [1]. Clinical-
ly, more aggressive growth and metastatic spread are ob-
served.

Retinoic acids (RAs) are biologically active metabo-
lites of vitamin A that play an important role in the mor-
phogenesis, differentiation and proliferation of many cell
types [2, 3, 4]. RA signals are transduced by specific re-

D. Simon (✉ )
Department of Surgery, Heinrich-Heine-University, Düsseldorf,
Germany

Original article

Clinical impact of retinoids in redifferentiation therapy 
of advanced thyroid cancer: final results of a pilot study
D. Simon1, 8, C. Körber2, M. Krausch1, J. Segering1, P. Groth3, R. Görges4, F. Grünwald5, H.W. Müller-Gärtner6, 
C. Schmutzler7, J. Köhrle7, H.D. Röher1, C. Reiners2

1 Department of Surgery, Heinrich-Heine-University, Düsseldorf, Germany
2 Department of Nuclear Medicine, University of Würzburg, Germany
3 Department of Nuclear Medicine, University of Rostock, Germany
4 Department of Nuclear Medicine, University of Essen, Germany
5 Department of Nuclear Medicine, Johann-Wolfgang-Goethe University, Frankfurt, Germany
6 Department of Nuclear Medicine, Heinrich-Heine-University, Düsseldorf, Germany
7 Department of Molecular Internal Medicine, University of Würzburg, Germany
8 Correspondence to: Department of Visceral Surgery, Evang. Hospital Bethesda, Heerstrasse 219, 47053 Duisburg, Germany, 
e-mail: dsimon.krhs@bethesda.de or dietmar.simon@uni-duesseldorf.de, Tel.: +49-203-60081150, Fax: +49-203-60081199

Received 12 September and in revised form 26 November 2001 / Published online: 13 March 2002
© Springer-Verlag 2002



ceptors, the retinoic acid receptors RARs and RXRs,
which belong to the superfamily of nuclear receptors [5,
6, 7]. These act as ligand-binding transcription factors
modulating the activity of RA-responsive genes.

Retinoids have been administered for anti-cancer and
tumour-preventive treatment in various clinical trials,
and promising results have been achieved in the therapy
of acute promyelocytic leukaemia (APL), head and neck
cancers and lung and skin tumours [8, 9, 10, 11, 12, 13,
14, 15, 16]. The paradigm of redifferentiation via retino-
ids is APL, complete remission of disease being
achieved in a high percentage of patients [8]. Due to the
unique genetic abnormality involved in APL, the effects
of retinoids in the treatment of APL cannot be trans-
ferred to other tumour entities. In the lung, vitamin A de-
ficiency has been found to be a potential risk factor for
cancer development [26].

Experimental data provide evidence that differentiat-
ed functions of thyrocytes and of iodide metabolism can
be re-induced by RAs [2, 17, 18, 19]. In follicular thy-
roid tumour cells, retinoids have proved able to inhibit
tumour growth and induce iodine uptake. A redifferenti-
ating effect on follicular thyroid cancer cells could be
shown by induction of type I iodothyronine-5'-deiodi-
nase (5'-DI) and alkaline phosphatase as well as by
stimulation of intercellular adhesion molecule-1
(ICAM-1) in thyroid carcinoma cell lines [17, 18, 19,
20, 21, 22]. Furthermore, treatment of follicular thyroid
tumour cells with RAs leads to loss of tumourigenicity
in athymic nude mice. The redifferentiating effects of
RAs are confined to at least partly differentiated thyroid
cancers and are not seen in anaplastic thyroid cancer
[23].

Loss of differentiation is a common event in DTC and
entails the loss of thyroid-specific functions, e.g. there
may be reduced or missing expression of thyrotropin re-
ceptor or reduced ability to accumulate iodine. Conse-
quently these tumours may no longer be amenable to
standard treatment protocols, including TSH suppression
and radioiodine therapy. The promising experimental re-
sults achieved with RAs prompted us to perform clinical
studies of the effectiveness of 13-cis-retinoic acid in pa-
tients with advanced thyroid cancer. Here, the results of
clinical application will be discussed in the context of
our experience with 50 patients.

Materials and methods

The study was designed as a prospective multicentre trial without
controls. University hospitals in Düsseldorf, Essen, Würzburg,
Rostock and Bonn participated in the study. The pilot study was
approved by the local ethical committees. All patients provided in-
formed consent to participation in the study.

Inclusion criteria for retinoid treatment were:

1. Advanced poorly DTC of papillary, follicular or oxyphilic ori-
gin

2. Inoperability due to extensive local and irresectable invasive
disease or distant metastatic spread

3. Absent or insufficient radioiodine uptake

In addition, patients had to have undergone previous radioiodine
treatment with primary failure of radioiodine uptake or decrease or
loss of initially sufficient radioiodine uptake. Exclusion criteria
were pregnancy, anaplastic carcinoma and liver insufficiency.
Drop-outs were defined as those patients in whom therapy was in-
terrupted owing to non-compliance or intolerable side-effects.

The treatment was performed with 13-cis-retinoic acid 
(Roaccutan) at a dosage of 1.5 mg/kg body weight daily over 
5 weeks. Dose reduction to 1.0 mg/kg body weight daily was al-
lowed in the event of severe side-effects. L-Thyroxine (T4) supple-
mentation was discontinued for the duration of retinoid treatment
and replaced by triiodothyronine (T3) until 2 weeks prior to post-
therapeutic radioiodide scan.

Clinical response to retinoid therapy was defined by serum
thyroglobulin (TG) levels, radioiodine uptake and tumour burden
(size or number of metastases). Response was measured immedi-
ately after retinoid therapy and 6 months later. If longer follow-up
was available, these data were included in the evaluation. The cut-
off for follow-up was the year 1998. Prior to the retinoid treatment
and after 5 weeks of therapy, serum TG was measured under stim-
ulated conditions (TSH >30 ng/ml), a post-therapy radioiodine
whole-body scan with radioactivity between 3 and 10 GBq iodine-
131 was performed, and tumour size was assessed by computed
tomography (CT) or magnetic resonance imaging (MRI). Diagnos-
tic imaging for the assessment of tumour size was performed in
only some of the patients, in order to avoid iodine contamination
and because of the difficulty in quantifying the tumour mass (e.g.
owing to diffuse pulmonary metastases).

Thyroglobulin levels were measured in various laboratories
with varying TG assays. Therefore TG levels were classified as in-
creased or decreased only. TG levels with less than 10% variation
between pre- and post-therapeutic values were classified as un-
changed.

The post-therapy scan was performed according to the guide-
lines of the German Society of Nuclear Medicine. A standardized
dosimetric approach for the evaluation of iodine accumulation in
thyroid cancer tissue was not available at the beginning of the
study. However, six patients underwent dosimetry later in the
course of the study according to a protocol that had been devel-
oped for studies with recombinant human TSH (rhTSH).

For the post-therapy scan, a high-energy collimator was used,
and 300,000 counts were acquired for the head and neck region.
The whole-body scan was performed with a gamma camera speed
of 12 cm/min. In most cases, a former post-therapy scan obtained
less than 6 months previously was available. Therefore, compari-
son of the scans was possible for classification of response. A
marked increase in uptake was defined on the basis of comparison
with background and physiological structures such as the liver.
For classification of response, the tumour burden or size of local
recurrence was measured with ultrasound, CT or MRI and the
sites of localisation were known.

Side-effects were documented according to the common toxic-
ity criteria of the EORTC. Weekly controls were performed of
symptoms like dryness of skin, lips, and mucosa, pruritus, nose
bleeding, hair loss, arthritis and headache, and there was also
weekly assessment of red and white blood cell count, cholesterol,
triglycerides and liver enzymes (glutamic-oxaloacetic transami-
nase, alkaline phosphatase, bilirubin).
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Results

By 1998, 75 patients had been enrolled in this study. Due
to violations of the study protocol, only 50 of these pa-
tients with comparable and completely documented data
sets were included in the further evaluation. Serum TG
as a parameter of retained differentiated thyroid function
was measured in all patients. A radioiodine scan was
performed prior to and after retinoid treatment in all pa-
tients as well. Assessment of tumour size by CT scan or
MRI was possible in 37 patients (74%). In the remaining
13 patients, diffuse pulmonary metastases precluded
measurement of tumour size.

Thirty-one patients were female and 19 male; the
mean age was 62 years (range 30–79 years), and the me-
dian age, 61 years (Fig. 1). Histology demonstrated pap-
illary cancer in 25 patients, follicular cancer in 14, oxy-
philic and mixed oxyphilic-follicular tumours in six and
mixed follicular-papillary tumours in five (Fig. 2). There
was variable primary tumour stage (pT2–4) and lymph
node involvement. All but two patients had distant me-
tastases, either in lung or bone or both. All patients had
undergone previous radioiodine therapy on one to eight
occasions with variable cumulative radioactivity
(3.7–59.4 GBq). All patients had also undergone one or
multiple operations (range 1–8), and some had received
additional external radiation therapy. The mean follow-
up was 16 months, with a median of 18 months (range
5–46 months). Long-term follow-up beyond 1998 was
possible in 13 of the enrolled patients, with an additional

mean follow-up of 20 months (6–30 months). During the
observation period of the study no patient died; during
further follow-up one tumour-related death was docu-
mented. 

Side-effects occurred in 29 (58%) patients, represent-
ing grade 1 and 2 toxicity only. Therapy was well toler-
ated except in one case in which it had to be disrupted
because of a significant increase in liver enzymes. In
none of the other patients were significant changes in
blood count, liver enzymes, cholesterol or triglycerides
registered. Side-effects included dryness of skin, lips,
mucosa and conjunctiva (n=29; 58%) and other rare
side-effects (hair loss, arthritis, nose bleeding) (Table 1).

Serum TG levels increased in 30 patients (60%), were
unchanged in 8 (16%) and decreased in 12 (24%) (Ta-
ble 2). Radioiodine uptake increased in 21 patients
(42%), with a marked increase in 13 (26%), was un-
changed in 29 patients (58%) and decreased in none of
the patients (Table 3). In six patients, post-therapeutic
dosimetry was possible by assessment of uptake, effec-
tive half-time and volumetric definition of the tumour
mass. The radiation doses determined in the thyroid tu-
mour mass were 6, 9, 12, 15, 50 and 53 Gy. Tumour size
was assessable in 37 patients (74%), as explained above;
an increase in tumour size was found in nine patients
(18%), no change in 22 (44%) and a decrease in six
(12%) (Table 4). 

With regard to clinical outcome, patients were as-
signed to three categories: responders, with increased ra-
dioiodine uptake and decrease in TG level or tumour
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Fig. 1. Age distribution of the 50 thyroid carcinoma patients

Fig. 2. Distribution of histological types of thyroid cancer in the
50 patients treated with retinoids who were included in the further
evaluation. PTC, Papillary thyroid cancer; FTC, follicular thyroid
cancer; OTC, mixed oxyphilic-follicular thyroid tumours;
FTC/PTC, mixed follicular-papillary thyroid tumours

Table 1. Side-effects of retinoid therapy (grade I and II CTC/
EORTC)

Side-effects No. %

Dry skin 19 38%
Dry lips 18 36%
Dry mucosa 4 8%
Nausea 1 2%
Nose bleeding 1 2%
Hair loss 2 4%
Change in blood count 2 4%
Vision 2 4%
Coughing 1 2%
None 21 42%

Total 29 58%

Table 2. Correlation of serum TG level and outcome

Serum TG No. Response Stable Disease
level progression

Increase 30 0 1 (3%) 29 (97%)
No change 8 1 (13%) 6 (75%) 1 (13%)
Decrease 12 9 (75%) 2 (17%) 1 (8%)



size; stable disease, with no or insignificant changes in
any of the parameters; and progressive disease, with fail-
ure of radioiodine uptake and increase in tumour size or
TG levels. Tumour size was found to have the greatest
influence on classification, followed by TG level and io-
dine uptake (Fig. 3). Patients were assigned to one of the
three outcome categories by three independent examin-
ers. Based on the aforementioned parameters, there were
ten responders (20%) and nine patients (18%) with stable
disease, accounting for 19 (38%) of the patients (Ta-
ble 4). In this group radioiodine uptake increased in sev-
en patients. Progressive disease was seen in 31 patients
(62%). This group included 11 patients with disease pro-
gression despite increased radioiodine uptake (Table 3).

Discussion

Clinical setting

Differentiated thyroid cancer is a malignant tumour that
has a fairly good prognosis, with patients surviving for
many years. Multimodal therapy with surgery, radioio-
dine therapy and TSH suppressive therapy is of proven
efficacy. However, loss of differentiation is observed in
up to one-third of patients with DTC [1]. This is accom-
panied by histomorphological dedifferentiation (in-
creased tumour grading) and loss of thyroid-specific
functions, e.g. reduced or missing expression of thyro-
tropin receptor or reduced ability to accumulate iodine.
Thus these tumours may no longer be amenable to stan-
dard treatment protocols, including TSH suppression and
radioiodine therapy.

Patients included in this study had dedifferentiated tu-
mours. However, survival in this selected group of pa-
tients with a poor prognosis in terms of thyroid cancer
can be as long as many years. Therefore, response to
therapy as reflected by arrest of tumour growth and ra-
dioiodine uptake were the parameters of interest, rather
than survival. This rationale is supported by the fact that
no deaths occurred during the course of the study. In
those 13 patients in whom additional follow-up for a
mean of 20 months was possible, one tumour-related
death was documented. Furthermore, comparison with
historical controls would suffer from bias owing to dif-
ferences in the therapeutic approach, such as the radioio-
dine dosage and rhTSH application.

The molecular basis of dedifferentiation in thyroid
carcinomas is not yet very clear. Various genetic altera-
tions are known to occur in the development of thyroid
cancer. Unlike in the Vogelstein model of colon carcino-
ma, genetic alterations do not clearly delineate either be-
nign from malignant thyroid lesions or stepwise tumour
progression from dedifferentiation. p53 mutation is the
only genetic change that clearly correlates with poor
prognosis and loss of differentiation, showing a frequent
association with anaplastic carcinoma of the thyroid.
However, there are some well-known markers of differ-
entiation in thyroid carcinoma that can be correlated
with retinoid effects. Loss of TSH receptor explains the
insensitivity to TSH and the lack of effectiveness of TSH
suppressive therapy with L-thyroxine [24]. Reduction or
loss of sodium-iodine symporter (NIS) expression corre-
sponds to the clinical phenomenon of loss of radioiodine
uptake [25]. In addition, tumour dedifferentiation is ac-
companied by more aggressive tumour growth, leading
to extensive and infiltrative local tumour growth or,
much more frequently, to distant metastatic spread, so
that surgical removal is neither sensible nor feasible.
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Table 3. Correlation of radioiodine uptake and outcome

Radioiodine No. Response Stable Disease
uptake progression

Marked increase 13 6 2 5
Mild increase 8 1 1 6
No change 29 3 6 20
Total 50 10 9 31

Table 4. Response of radioiodine uptake and tumour size after RA
treatment, and assignment to clinical outcome category

Parameter Increase No change Decrease

Iodine uptake 21 (42%) 29 (58%) 0
Tumour size 9 (18%) 22 (44%) 6 (12%)

Response Stable Disease
progression

Outcome 10 (20%) 9 (18%) 31 (62%)

Fig. 3. Decision tree for assignment to outcome category. TG, Se-
rum thyroglobulin; RI, radioiodine; ↑ , increase; ↓ , decrease; =, no
change



Function of retinoic acids and experimental results

Retinoids are the natural, biologically active derivatives
of vitamin A. They are involved in the regulation of
growth, differentiation and morphogenesis in vertebrates
and are known to be teratogenic (causing limb malfor-
mation) [2, 3, 10, 26]. In adults, retinoids maintain the
functional integrity of lung epithelium, the testes, skin
and eyes [9, 12, 27]. Differentiating effects have been
shown in various cell culture models of promyelocytic
leukaemia, phaeochromocytoma (PC12), neuroblastoma
and others [28, 29, 30, 31, 32, 33].

RA signal transduction takes place via specific RA re-
ceptors, RARs and RXRs. These belong to the superfam-
ily and nuclear receptors for small lipophilic ligands
such as T3, vitamin D3, glucocorticoids, steroid hor-
mones and others [5, 6], which act as ligand-dependent
transcription factors modulating gene expression. The
retinoid receptors are specific for natural RA isoforms,
i.e. RARs bind all-trans-RA and 9-cis-RA, while RXRs
bind to RXRs only.

Redifferentiation therapy of thyroid cancer with RAs
requires intact receptor pathways in the tumour tissues.
The presence of RARs and RXRs and their subgroups
has been studied in tumour cell lines and tissues by
Northern blot, RT-PCR, electrophoretic mobility super-
shift and ligand binding assays [34]. RA receptor
mRNAs, high-affinity binding sites for RA and function-
al DNA-binding RA receptors were demonstrated in thy-
roid tumour cell lines, and mRNAs for most receptor
subtypes were seen in thyroid tumour tissues. There
were two exceptions: RAR-beta mRNA was strongly re-
duced in a follicular thyroid tumour cell line and RXR-
beta mRNA was undetectable in most of the examined
tissues. However, given the known redundancy in the
RA receptor signalling pathways [35], the RA receptor
complement of thyroid carcinoma cells should enable
them to transduce RA signals required for RA redifferen-
tiation.

According to these considerations, thyroid differentia-
tion markers or specialized thyroid functions, whose ex-
pression is reduced or lost in thyroid carcinomas, could
be re-induced by RA in thyroid cancer model cell lines.
Type I 5'-deiodinase (5'-DI), which deiodinates T4 to its
biologically active form T3, is a differentiation marker in
thyroid carcinomas [21, 24]. 5'-DI enzyme activity and
the corresponding mRNA are stimulated by RA in well-
differentiated follicular thyroid carcinoma cell lines [18].
Furthermore, the expression of the mRNA coding for
NIS was enhanced in these two cell lines [36]. NIS me-
diates uptake of (radioactive) iodide into the thyrocyte
and, therefore, plays a central role not only in iodide me-
tabolism but also in the diagnosis and treatment of thy-
roid cancer [37]. As NIS expression and function are of-
ten lost in thyroid carcinomas [38], this molecule is a
major target for redifferentiation therapy. E-cadherin is a
well-established differentiation marker in various epithe-

lial tumours, and loss of E-cadherin expression corre-
lates with dedifferentiation, increased invasiveness and
poor prognosis. This has also been shown in thyroid car-
cinoma [39]. In thyroid cell culture, RA is able to induce
E-cadherin expression [40]. In one patient, induction of
E-cadherin expression in a lymph node metastasis could
be demonstrated after RA treatment (unpublished data).
RAs also have antiproliferative effects. Follicular thyroid
carcinoma cells (FTC-133) showed a 33% reduction in
their number after 3 days of treatment with RA [39, 40].
Induction of expression of fas protein in the thyroid car-
cinoma cell line FTC-236 might indicate exertion of RA
via apoptotic pathways [41]. Finally, tumourigenicity of
follicular thyroid carcinoma cells (FTC-133) was found
to be reduced after pretreatment with all-trans-RA prior
to xenotransplantation onto nude rats.

The convincing results in clinical studies with other
tumours and the above-mentioned promising experimen-
tal results have prompted various clinical studies on the
administration of 13-cis-retinoic acid in patients with ad-
vanced thyroid cancer [42, 43, 44, 45]. A preliminary re-
port was published on 20 patients, who are also included
in this series [45]. A protocol was developed for retinoid
therapy of thyroid cancer. This pilot study was per-
formed in a multicentre fashion and represents the larg-
est series of RA-treated patients with thyroid cancer. The
approach is a palliative one based on the discussed theo-
retical and experimental results. The theoretical thera-
peutic implications are as follows:

1. Thyroid tumour cells regain former thyroid-specific
properties such as iodine uptake, consequently allow-
ing re-application of radioiodide therapy.

2. Pro-apoptotic pathways are restored, reflecting anti-
proliferative activity, or an improved immune re-
sponse via cytotoxic activity is obtained.

3. TSH receptors are re-established and TSH respon-
siveness is re-induced.

Clinical results

The results of this clinical pilot study in a series of 
50 patients clearly demonstrate a response to RA treat-
ment in some of the patients. Enhanced radioiodine up-
take and reduction or stabilization of tumour size and TG
levels were the aims of the study. At this early stage of
investigation, the final benefit for the patient in terms of
the mentioned parameters is not always clear.

As could be demonstrated, increased radioiodine up-
take does not always correspond to response of the dis-
ease. Despite improved iodine uptake, tumour progres-
sion was seen in some of the patients. Quantification was
not available at the beginning of the study. Therefore
evaluation was done by comparison of tumour lesion
with background and physiological activity. With the ad-
vent of rhTSH application, a protocol for dosimetry was
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developed. Thus dosimetry according to this protocol
was performed in six patients only, in whom increased
radioiodine accumulation was achieved. At least in some
of the patients, the increase in radioiodine uptake was
not sufficient to be effective in achieving tumour reduc-
tion. The doses measured in this small series of six pa-
tients were between 5 and 50 Gy, which are below the
expected effective radiation doses. This explains why
there was no tumour reduction in some patients with in-
creased iodine uptake. Intracellular iodine trapping by
inhibition of iodine efflux might offer a means of im-
proving radioiodine uptake [46, 47]. NIS seems to play a
key role in iodine uptake. However, the experimentally
proven increased mRNA expression is not necessarily
associated with increased iodine uptake. This dissocia-
tion of experimental data and clinical results may indi-
cate that the promoter activity is involved in this mecha-
nism.

Interpretation of serum TG levels is difficult in some
patients. Serum TG level is accepted as a marker of tu-
mour relapse, and increase in TG suggests an increase in
the tumour mass. However, in the setting of redifferenti-
ation, an increase in serum TG might be interpreted as
reflecting both an increase in tumour mass and an in-
crease in tumour differentiation, with subsequently en-
hanced production and release of thyroid-specific pro-
tein. In another study with long-term application of re-
tinoids, TG levels showed a significant increase in pa-
tients who demonstrated increased radioiodine uptake
[42, 43]. In our own experience, TG levels always in-
creased when there was a growing tumour mass, whereas
both increases and decreases in TG were observed when
there was no detectable change in tumour mass. Among
six cases with a reduction in tumour size, the TG level
decreased correspondingly in five cases. Therefore in our
evaluation increasing TG levels seemed to be primarily
an indicator of tumour progression rather than rediffer-
entiation. When tumour size was unchanged, we there-
fore classified as responders only those patients in whom
a reduction in TG level occurred in conjunction with in-
duction of radioiodine uptake; patients with stable TG
levels were classified as having stable disease.

The most relevant parameter in assessing therapeutic
success would be the tumour size. We expected increased
radioiodine uptake to be the mechanism of tumour reduc-
tion. Thus, increased iodine uptake was the primary goal
of RA therapy. However, we found that an increase in io-
dine uptake was not always associated with tumour re-
duction and, conversely, that when tumour regression oc-
curred it was not always accompanied by increased io-
dine uptake. Experimental studies have shown that retino-
ids exert other effects in addition to induction of iodine
transport. They also have antiproliferative effects that are
mediated via pro-apoptotic pathways or direct actions on
the cell cycle [45, 48, 49, 50]. In this context, synthetic
RAs might play a future role, with their specific effects
on growth regulation and apoptosis [22, 51].

Summarizing the data, 19 patients (38%), including
nine with stable disease, showed a response to RA treat-
ment. Inclusion of patients with stable disease after a
mean follow-up of 16 months (median 18 months, range
5–46 months) seems justified bearing in mind that all of
these patients had documented tumour progression be-
fore RA therapy. No deaths occurred during the observa-
tion period of the study. During further follow-up there
was one tumour-related death.

In a significant number of the patients (13/50; 26%) the
“hard” criterion of tumour size was not assessable owing
to diffuse metastases which are not amenable to quantifi-
cation by means of CT scan or MRI. There was no corre-
lation between RA response and histological subtype.

Until now, only advanced tumour stages have been
treated with retinoids. Suppression of NIS in normal thy-
rocytes and differentiation-dependent effects of RAs in
experimental studies might offer opportunities for the
application of retinoids in less advanced and dedifferen-
tiated tumours [34, 36]. The encouraging results of re-
cent studies and the good tolerability of retinoids, with a
low rate of side-effects, warrant further studies with al-
tered inclusion criteria, employment of other redifferen-
tiating agents or combinations of agents, and other imag-
ing techniques. A multicentre trial has been initiated to
study whether the direct antiproliferative action of re-
tinoids or the increased radioiodine uptake is responsible
for the tumour response.

Acknowledgement. This study was supported by grants from the
Wilhelm-Sander Foundation.

References

1. Goretzki PE, Simon D, Frilling A, Witte J, Reiners C, 
Grussendorf M, Horster FA, Röher HD. Surgical reinterven-
tion for differentiated thyroid carcinoma. Br J Surg 1994;
80:1131–1134.

2. Hofman C, Eichele G. Retinoids in development. In: Spom
MB, Roberts AB, Goodman DS, eds. The retinoids: biology,
chemistry, and medicine. New York: Raven Press; 1994:
387–441.

3. Means AL, Gudas LJ. The roles of retinoids in vertebrate de-
velopment. Annu Rev Biochem 1995; 64:201–233.

4. Ross SA, McCaffery PJ, Drager UC, de Luca LM. Retinoids
in embryonal development. Physiol Rev 2000; 80:1021–1054.

5. Mangelsdorff DJ, Evans RE. The RXR heterodimers and or-
phan receptors. Cell 1995; 86:841–850.

6. Giguere V. Retinoic acid receptors and cellular retinoid bind-
ing proteins. Complex interplay in retinoid signalling. Endocr
Rev 1994; 15:61–79.

7. Rastinejad F. Retinoid x receptor and its partners in the nucle-
ar eceptor family. Curr Opin Struct Biol 2001; 11:33–38.

8. Chomienne C, Fenaux P, Degos L. Retinoid differentiation
therapy in promyelocytic leukemia. FASEB J 1996; 10:1025–
1030.

9. Fisher GJ, Voorhees JJ. Molecular mechanisms of retinoid ac-
tions in skin. FASEB J 1996; 10:1002–1013.

780

European Journal of Nuclear Medicine Vol. 29, No. 6, June 2002



10. Hinds TS, West WL, Knight EM. Carotenoids and retinoids: a
review of research, clinical, and public health applications. 
J Clin Pharmacol 1997; 37:551–558.

11. Hong WK, Itri LM. Retinoids and human cancer. In: Sporn
MB, Roberts AB, Goodman DS, eds. The retinoids: biology,
chemistry, and medicine. New York: Raven Press; 1994:597–
630.

12. Van Pelt AMM, De Rooij DG. Synchronization of the seminif-
erous epithelium after vitamin A replacement in vitamin-A-
deficient mice. Biol Reprod 1990; 43:363–367.

13. Dragnev HD, Rigas RR, Dmitrovsky E. The retinoids and can-
cer prevention. The Oncologist 2000; 5:361–368.

14. Hansen LA, Sigman CC, Andreola F, Ross SA, Kelloff GJ, de
Lca LM. Retinoids in chemoprevention and differentiation
therapy. Carcinogenesis 2000; 21:1271–1279.

15. Lotan R. Retinoids in cancer chemoprevention. FASEB J 1996;
10:1031–1039.

16. Moon RC, Mehta RG, Rao KVN. Retinoids and cancer in ex-
perimental animals. In: Sporn MB, Roberts AB, Goodman DS,
eds. The retinoids: biology, chemistry, and medicine. New
York: Raven Press; 1994:573–595.

17. Schmutzler C, Brtko J, Bienert K, Köhrle J. Effects of retino-
ids and role of retinoic acid receptors in human thyroid carci-
nomas and cell lines derived therefrom. Exp Clin Endocrinol
Metab 1996; 104 Suppl 4:16–19.

18. Schreck R, Schnieders F, Schmutzler C, Köhrle J. Retinoids
stimulate type 1 iodothyronine 5'-deiodinase activity in human
follicular thyroid carcinoma cell lines. J Clin Endocrinol Me-
tab 1994; 79:791–798.

19. van Herle AJ, Agatep UL, Padua HI DN, Totanes TL, 
Canlapan DV, van Herle HML, Juillard GJF. Effects of 13 cis-
retinoic acid on growth and differentiation of human follicular
carcinoma cells (UCLA RO 82 W-1) in vitro. J Clin Endo-
crinol Metab 1990; 71:755–763.

20. Bassi V, Vitale Nt Feliciello A, De Riu S, Rossi G, Fenzi G.
Retinoic acid induces intercellular adhesion molecule-1 hyper-
expression in human thyroid carcinoma cell lines. J Clin En-
docrinol Metab 1995; 80:1129–1135.

21. Köhrle J. Local activation and inactivation of thyroid hor-
mones: the deiodinase family. Mol Cell Endocrinol 1999;
151:103–119.

22. Zhou XF, Shen X-Q, Shemshedini L. Ligand-activated retinoic
acid receptor inhibits AP-1 transactivation by disrupting 
c-Jun/c-Fos dimerization. Mol Endocrinol 1999; 13:276–285.

23. Schmutzler C, Köhrle J. Review: retinoic acid redifferentiation
therapy for thyroid cancer. Thyroid 2000; 10:393–406.

24. Brabant G, Maenhaut C, Köhrle J, Scheumann G, Dralle H,
Hoang-Vu C, Hesch RD, von zur Mühlen A, Vassart G, 
Dumont JE. Human thyrotropin receptor gene: expression in
thyroid tumors and correlation to markers of thyroid differenti-
ation and dedifferentiation. Mol Cell Endocrinol 1991;
82:R7–R12.

25. Filetti S, Bidart JM, Arturi F, Caillou B, Russo D, 
Schlumberger M. Sodium/iodide symporter: a key transport
system in thyroid cancer cell metabolism. Eur J Endocrinol
1999; 141:443–457.

26. Wolf G. A history of vitamin A and retinoids. FASEB J 1996;
10:1102–1107.

27. Chytil F. Retinoids in lung development. FASEB J 1996;
10:986–992.

28. Breitman TR, Selonick S, Collins SJ. Induction of differentia-
tion of the human promyelocytic leukemia cell line (IHL-60)
by retinoic acid. Proc Natl Acad Sci USA 1980; 77:2936–2940.

29. Haussler M, Sidell N, Kelly M, Donaldson C, Altman A,
Mangelsdorf DJ. Specific high-affinity binding and biologic
action of retinoic acid in human neuroblastoma cell lines. Proc
Natl Acad Sci U S A 1983; 80:5525–5529.

30. Scheibe RJ, Ginty D, Wagner JA. Retinoic acid stimulates the
differentiation of PCI2 cells that are deficient in cAMP-depen-
dent protein kinase. J Cell Biol 1991; 113:1173–1181.

31. Love JM, Gudas LJ. Vitamin A, differentiation, and cancer.
Curr Opin Cell Biol 1994; 6:825–831.

32. Matthay KK, Villablanca JG, Seeger RC, Stram DO, Harris
RE, Ramsay NK, Swift P, Shimada H, Black CT, Brodeur GM,
Gerbing RB, Reynolds CP. Treatment of high risk neuroblasto-
ma with intensive chemotherapy, radiotherapy, autologous
bone marrow transplantation, and 13-cis-retinoic acid. Chil-
dren’s cancer group. N Engl J Med 1999; 341:1165–1173.

33. Kohler JA, Imeson J, Ellershaw C, Lie SO. A randomized tri-
al of 13-cis-retinoic acid in children with advanced neuroblas-
toma after high-dose therapy. Br J Cancer 2000; 83:1124–
1127.

34. Schmutzler C, Brtko J, Winzer R, Jakobs TC, Meissner J, 
Simon D, Goretzki PE, Köhrle J. Functional retinoid and thy-
roid hormone receptors in human thyroid cell lines and tissues.
Int J Cancer 1998; 76:368–376.

35. Jakobs TC, Schmutzler C, Meissner J, Köhrle J. The promoter
of the human type 1 5'-deiodinase gene: mapping of the tran-
scription start site and identification of a DR+4 thyroid hor-
mone responsive element. Eur J Biochem 1997; 247:288–
297.

36. Schmutzler C, Winzer R, Meissner-Weigl J, Köhrle J. Retinoic
acid increases sodium/iodide symporter mRNA levels in hu-
man thyroid cancer cell lines and suppresses expression of
functional symporter in nontransformed FRTL-5 rat thyroid
cells. Biochem Biophys Res Commun 1997; 240:832–838.

37. DeLaVieja A, Dohan O, Levy O, Carrasco N. Molecular anal-
ysis of the sodium/iodide symporter: impact on thyroid and
extrathyroid physiology. Physiol Rev 2000; 80:1083–1105.

38. Dohan O, DeLaVieja A, Carrasco N. Molecular study of the
sodium/iodide symporter (NIS): a new field in thyroidology.
Trends Endocrinol Metab 2000; 11:99–105.

39. Hoang-Vu C, Bull K, Schwarz 1, Krause G, Schmutzler C,
Aust G, Köhrle J, Dralle H. Regulation of CD97 protein in
thyroid carcinoma. J Clin Endocrinol Metab 1999; 84:1104–
1109.

40. Schmutzler C, Schreck R, Bienert K, Köhrle J. Retinoid treat-
ment of thyroid carcinoma cells: a prospect for a re-differenti-
ation therapy? Proceedings EORTC Thyroid Study Group
Ann. Meeting, Vienna, 1994.

41. Hoang-Vu C, Schumann H, Krause G, Bull K, Schwarz I,
Goretzki PE, Schmutzler C, Köhrle J, Holtz J, Dralle H. 
Retinoic induced expression of Fas protein in the human thy-
roid carcinoma cell line FTC-236 [abstract]. Exp Clin Endocr
Diab 1998; 106 Suppl 1:S83.

42. Grünwald F, Pakos E, Bender H, Menzel C, Otte R, Palmedo
H, Pfeifer U. Redifferentiation therapy with retinoic acid in
follicular thyroid cancer. J Nucl Med 1998; 39:1555–1558.

43. Grünwald F, Menzel C, Bender H, Palmedo H, Otte R, 
Finimers R, Risse J, Biersack HJ. Redifferentiation therapy-in-
duced radioiodine uptake in thyroid cancer. J Nucl Med 1998;
39:1903–1906.

44. Simon D, Köhrle J, Schmutzler C, Mainz K, Reiners C, Röher
HD. Redifferentiation therapy of differentiated thyroid carci-
noma with retinoic acid: basics and first clinical results. Exp
Clin Endocrinol Metab 1996; 104 Suppl 4:13–15.

781

European Journal of Nuclear Medicine Vol. 29, No. 6, June 2002



45. Simon D, Köhrle J, Reiners C, Boerner AR, Schmutzler C,
Mainz K, Goretzki PE, Röher HD. Redifferentiation therapy
with retinoids: therapeutic option for advanced follicular and
papillary thyroid carcinoma. World J Surg 1998; 22:569–
574.

46. Amphoux-Fazekas T, Sanüh N, Hovsepian S, Aouani A,
Beauwens R, Fayet G. DIDS (4,4'-diisothiocyanatostilbene-
2,2'-disulfonic acid) increases iodide trapping, inhibits thyro-
peroxidase and antagonizes the TSH-induced apical iodide ef-
flux in porcine thyroid cells. Mol Cell Endocrinol 1999;
141:129–140.

47. Koong SS, Reynolds JC, Movius EG, Keenan AM, Ain KB,
Lakshrnan MC, Robbins J. Lithium as a potential adjuvant to
131-I therapy of metastatic, well differentiated thyroid carci-
noma. J Clin Endocrinol Metab 1999; 84:912–916.

48. Jhiang SM, Cho JY, Ryu KY, DeYoung BR, Smanik PA,
McGaughy VR, Fischer AR, Mazzaferri EL. An immunohisto-
chemical study of Na+/I– symporter in human thyroid tissues
and salivary gland tissues. Endocrinology 1998; 139:4416–
4419.

49. Nagy L, Thomazy VA, Heyman RA, Davies PJ. Retinoid-in-
duced apoptosis in normal and neoplastic tissues. Cell Death
Differ 1998; 5:11–19.

50. Teixeira C, Pratt MA. CDK2 is a target for retinoic acid-medi-
ated growth inhibition in MCF-7 human breast cancer cells.
Mol Endocrinol 1997; 11:1191–1202.

51. Sun SY, Yue P, Wu GS, EI-Deiry WS, Shroot B, Hong WX,
Lotan R. Mechanisms of apoptosis induced by the synthetic
retinoid CD437 in human non-small cell lung carcinoma cells.
Oncogene 1999; 18:2357–2365.

782

European Journal of Nuclear Medicine Vol. 29, No. 6, June 2002


