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radioiodine (RI) uptake is present in neoplastic foci. During 
tumor progression, cellular dedifferentiation occurs in up to 30% 
of  cases,[3] and is commonly accompanied by more aggressive 
growth, metastatic spread and loss of  iodine uptake owing to 
decreased expression of  sodium/iodide symporter (NIS). TSH 
receptor, whose presence indicates a good prognosis, is lost 
in such dedifferentiated tumors, rendering TSH suppression 
therapy ineffective.[4] Patients with dedifferentiated thyroid 
cancer foci continue to have a much worse prognosis than those 
with I-131 uptake[5,6] and lack adequate therapeutic options. 
Metastatectomy is useful only in few patients who have surgically 
approachable and solitary/restricted number of  sites.[7] While 
external radiation therapy can palliate metastatic symptoms, 
it rarely leads to remission.[8] Conventional chemotherapy, i.e., 
doxorubicin alone or with cisplatin, is very toxic and provides 
<20% rate of  mostly very transient, partial responses.[9] In recent 
years, research has focused on targeted approaches addressing the 
pathological characteristics of  RI non-avid thyroid carcinoma. 
It is known that inability to take up I-131 is associated with 
poor differentiation and increased tumor grade.[5] However, the 
molecular basis dedifferentiation is not well known. So far, p53 
mutation is the only genetic change clearly shown to correlate 
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INTRODUCTION

Carcinoma thyroid, although the most frequent malignancy of  
the endocrine system, is a rare disease. It accounts for about 
1% of  all human cancers, with the prevalence in women (5–9 in 
100,000) higher as compared to that in men (2–4 of  100,000). [1] 
Differentiated thyroid cancer (DTC) is a slow-growing and 
treatable disease with good prognosis. However, about 20–40% 
of  patients with DTC have recurrent disease and about 5% have 
distant metastases at presentation.[2] Until recently, treatment 
of  recurrent and metastatic disease consisted of  surgery (when 
feasible), thyroid stimulating hormone (TSH) suppressive therapy 
with levothyroxine (T4), and radioiodine (I-131) treatment when 
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with poor differentiation or lacking differentiation. Some recent 
reports show a significant correlation between the presence of  
initiating BRAF mutation and poorer outcome of  DTC or loss 
of  function of  DTC metastases.[10] 

The vitamin A (retinol)-derived retinoic acids (RAs) are important 
regulators of  a diverse spectrum of  physiological processes, 
including cell proliferation, differentiation, morphogenesis, 
angiogenesis, and apoptosis. RA receptors are expressed in 
human thyroid carcinomas in varying degrees.[11] Differentiation 
effects of  RA have been demonstrated in many types of  tumor 
cells.[12,13] Retinoids inhibit tumor growth and exert several 
redifferentiating effects: induction of  5′-deiodinase,[14,15] increased 
expression of  NIS mRNA[16] and of  the differentiation marker, 
alkaline phosphatase, or decreased expression of  CD97, which 
is highly expressed in anaplastic thyroid carcinoma,[17] as well as 
stimulation of  intercellular adhesion molecule-1 synthesis. [18] 
Experimental studies have shown that RAs may increase the 
expression of  NIS, type I 5′-deiodinase, intercellular adhesion 
molecule-1 (ICAM-1) and thyroglobulin (Tg), which were known 
to be decreased or even lost in thyroid cancer cells.[15,16,18-20] The 
results of  a few early clinical pilot trials demonstrated that RA 
may restore RI uptake and decrease the tumor size.[21-24] However, 
the clinical outcomes of  13-cis RA in subsequent studies were 
disappointing as <20% of  patients showed I-131 uptake after 
RA pre-treatment.[25]

We wanted to assess the role of  all-trans retinoic acid (ATRA) 
as a rediffrentiating and antineoplastic agent in dedifferentiated 
thyroid tumor patients in our institute.

MATERIALS AND METHODS

The following inclusion and exclusion criteria were applied.

Inclusion criteria
1. DTC of  follicular cell origin 
2. Serum Tg level ≥10 ng/ml with TSH stimulation 
3. RI whole-body scintigraphy (WBS) showing no or 

therapeutically insignificant (<0.3%) uptake 
4. Initial therapy must have included total or near-total 

thyroidectomy and RI ablation therapy

For female patients, the following criteria were additionally 
applied:
1. Negative pregnancy test within 1 week of  enrollment
2. Practicing adequate birth control methods

Exclusion criteria
1. Coexisting second malignancy
2. Pregnancy
3. Abnormal liver function tests, renal function tests, and lipid 

profile

Treatment and follow-up
Thirteen cases of  DTC with raised Tg and/or clinically evident 

disease and negative WBS were treated with RA (Vesanoid, 
ATRA) in a dose of  1.5 mg/kg/day for a period ranging between 
1.5 and 18 months [Tables 1 and 2].

A complete response to the drug was defined as a decrease in 
serum Tg levels to less than 10 ng/ml of  thyroid hormone with 
no evidence of  disease on clinical evaluation. A partial response 
was defined as more than 30% decrease in Tg level with no 
evidence of  progression on clinical evaluation. Stable disease 
was defined as no / ≤30% change in Tg level with no evidence 
of  progression on clinical evaluation. Progressive disease was 
defined as an increase in serum Tg level of  >30% or progression 
on clinical evaluation or both. Patients were monitored by 
physical examination, laboratory tests and imaging studies where 
feasible, on their follow-up visits.

RESULTS

Age of  the patients was between 18 and 65 years with a median 
of  49 years. Ten patients had papillary while two had follicular 
and one patient had mixed papillary and follicular thyroid cancer. 
Mean RI given before starting RA was 164 mCi. Mean duration of  
therapy was 6.4 months. Tg decreased in 2 patients and increased 
in 11 patients at the end of  therapy. RI uptake was demonstrable 
in six patients, though faintly, while seven cases showed no 
uptake [Figures 1 and 2]. Based on clinical and/or biochemical 
parameters, four patients had progressive disease, eight had 
stable disease and one patient showed partial response. Of  the 
six patients with RI uptake, three had biochemical progression 
and the other three had stable disease.

Adverse reactions
Six out of  13 patients reported minor side effects of  nausea 
and vomiting and 5 patients reported giddiness which eventually 
subsided. Three patients developed signs of  tumor inflammation 
during the course of  therapy, but were asymptomatic for those. 
No patient reported any major adverse reaction necessitating 
stopping of  the drug.

DISCUSSION

Thyroid cancer is the most common endocrine malignancy. 
Majority of  the thyroid cancers arise from follicular cells. Surgery 
and RI therapy result in cure of  majority of  DTC patients; 
however, some patients with DTC dedifferentiate, which is 
associated with loss of  iodide uptake ability, more aggressive 
growth, and metastatic spread, making the tumor resistant to 
the traditional therapeutic modalities including RI. Patients 
with advanced DTC at presentation often have dedifferentiated 
cancers on follow-up. Unresectable dedifferentiated thyroid 
cancer is very difficult to treat. Conventional radiotherapy 
and chemotherapy have very limited role in the treatment of  
dedifferentiated thyroid cancer. Aggressive nature of  the disease 
and lack of  effective treatment results in dedifferentiated thyroid 
cancer being responsible for the majority of  deaths attributable 
to thyroid cancer.
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Several redifferentiating agents and targeted molecules have 
been studied in the treatment of  dedifferentiated thyroid cancer. 
Besides inducing RI uptake, redifferentiating agents have shown 
other effects like promotion of  apoptosis, growth inhibition and 
cell cycle regulation.

The vitamin A (retinol)-derived RAs are important regulators 
of  many physiological processes, including cell proliferation, 
differentiation, morphogenesis, angiogenesis, and apoptosis.[26] 
The pleiotropic effects of  retinoids are mediated by a nuclear 
heterodimeric pair of  retinoid receptors (RAR/RXR). Retinoid-
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Table 1: Details of patients and redifferentiation therapy
Age 
(years)

Sex Surgery Histo RAI 
before 

RD

Tg pre 
RD

Presumed site of disease 
on pre-RD imaging

Duration 
in months

WBS post RD Tg post 
RD

Clinically/
biochemically

61 M TT, LND PCT 150 235 PET: tracheo esophageal 
groove mass, B/l 
lung nodules

3 Concentration 
in neck

268 PD (developed 
additional 

palpable nodes)
35 F Partial 

thyroidectomy
PCT 40 25 PET NAD 1.5 Concentration 

in neck
30 SD

59 M NTT, B/l MND PCT 100 76 CT: lung nodules
PET: lung nodules

16 No conc 194 PD

58 M TT, LN 
sampling

PCT 124 245 CT: b/l lung nodules 3.3 Retrosternal node 237 SD

49 M Lt HT + CT Mixed PCT 
+ FCT

375 110 CT: b/l lungs nodules, 
X-ray: right scapula

2 Faint mediastinal 
node

195 PD

35 M Rt HT + CT PCT 156 80 PET/CT: NAD 2 Minimal 
concentration

90 SD

65 F Rt HT PCT 510 291 MRI: brain lesions, bone 
scan: multiple metastases

18 Faint concentration 
in neck (post 5 
months Vesanoid)

320 PD

53 M NTT PCT 60 320 B/L lung nodules 3 No conc. 320 SD
39 M NTT FCT 250 232 PET/CT: NAD 6 No conc. 240 SD
21 M TT, B/l FND PCT 175 1770 MRI: anterior 

mediastinal node
12 No conc. 169 PR 

18 M Rt HT PCT 30 260 CT: multiple cervical nodes 
and b/l lung nodules, PET/
CT: b/l lung nodules

9 No conc. 280 SD

31 M Rt HT FCT 103 320 PET/CT: lung nodules 
mediastinal nodes

1.5 No conc. 320 SD

62 F Lt HT PCT 60 320 PET: Rt. 11th rib, mediastinal 
nodes, b/l lung nodules

6 No conc. 320 SD

LND, lymph node dissection; HT, hemithyroidectomy; CT, completion thyroidectomy; FND, functional neck dissection; MND, modified neck dissection

Table 2: Patient characteristics
Characteristics
Age
Median (range) 49 (18–65) years
Male/Female 10/3
Histology of thyroid cancer

Papillary 10
Follicular 2
Mixed follicular and papillary 1

Mean cumulative radioiodine given 
before redifferentiation therapy

164 mCi

Mean duration of redifferentiation therapy 6.4 months

Figure 1: I-131 whole body scan before redifferentiation therapy shows no 
uptake in the neck

Figure 2: I-131 whole body scan after 3 months of redifferentiation therapy shows 
tracer uptake in the neck



Indian Journal of Nuclear Medicine  |   Vol. 26: Issue 3   |  July-September, 2011 147

activated RAR/RXR heterodimers mediate the transcription of  
specific gene networks by binding to specific DNA response 
elements and recruiting cofactor complexes which cause the local 
chromatin structure to alter and engage the basal transcription 
machinery. RARs and RXRs also integrate a variety of  signaling 
pathways through phosphorylation events and are involved in 
the control of  cell growth, differentiation, and apoptosis.[27] RA 
has been successfully used for the treatment of  hematological 
malignancies as well as therapy and chemoprevention of  solid 
cancers including thyroid carcinomas.[28] Cell culture experiments 
in thyroid carcinoma cell lines showed that RA treatment affects 
thyroid-specific functions, cell–cell or cell–matrix interaction, 
differentiation markers, growth, and tumorigenicity. RA has an 
antiproliferative effect on the follicular thyroid carcinoma cell 
lines FTC-133 and FTC-238. Furthermore, pre-treatment of  
these cell lines with RA results in decreased in vitro proliferation 
rates and reduced tumor cell growth of  xenotransplants.[29]

A study by Handkiewicz-Junak et al in 2009 showed that RA 
increase radioactive iodine (RAI) uptake in thyroid tissue in 
17% of  the 53 epithelial cell thyroid carcinoma patients studied, 
whose previous post-therapeutic I-131 scans were negative. 
Forty-one (77%) patients were evaluable for Tg response before 
and after RA treatment. There was a statistically significant 
increase in median Tg level (60 vs. 90 ng/ml, P<0.05). There was 
no difference in Tg increase between scintigraphic responders 
and non-responders.[30] Zhang et al in 2005 evaluated the effect 
of  ATRA in 11 patients: iodine uptake was increased in 4 and 
there was a partial response (PR) of  target lesions in 5 patients. 
Two patients had stable disease.[31] Simon et al in 2002 evaluated 
the response of  50 patients on the basis of  reduction in tumor 
size and Tg levels. Thirteen patients showed a clear increase 
in RI uptake, while eight showed mild increase. Tg levels were 
unchanged or decreased in 20 patients. Tumor size was assessable 
in 37 patients, tumor regression was observed in 6 and there 
was no change in 22 patients. In total, a response was seen in 
19 patients (38%). Response to retinoid therapy did not always 
correlate with increased RI uptake, so the authors assumed other 
direct antiproliferative effects.[32] Courbon et al in 2006 treated 11 
patients with a progressive disease, with 13-cis-RA (1.5 mg/kg/
day) over 8 weeks prior to I-131 irradiation. The redifferentiating 
effect of  RA was evaluated by serum Tg monitoring during 
RA treatment and qualitative analysis of  iodine uptake on the 
post-therapeutic whole body scan. This study showed iodine 
uptake was only slightly improved in two patients. The clinical 
benefits of  RA seemed to be very poor. Five patients died of  a 
metastatic disease. Five others presented new clinical evidences 
of  a progressive disease.[33]

Our findings are in agreement with the previously published 
studies of  Zhang et al and Courbon et al. [31,33] RA appears to 
increase the RI uptake in some patients, but to a mild degree 
which may not be therapeutically significant. Also, progressive 
disease was seen in more than 4/13 patients within a short 
duration. That 8/13 patients showed stable disease and 1/13 
showed partial response is a figure which may change on longer 

follow-up. There are some limitations to our study. Firstly, the 
response criteria based on RI uptake and serum Tg levels used 
in previous studies are not standard. Although RI uptake in the 
disease site is considered to be beneficial, the long-term clinical 
implication of  such uptake is not known. We used serum Tg and 
not RI uptake as a marker to assess the response. This is also a 
debatable method as serum Tg levels could have decreased or 
increased with redifferentiation therapy. It could have increased 
due to redifferentiation of  thyroid cancer that leads to increased 
Tg expression by the tumor, or it could have decreased due to 
reduction of  tumor volume. Also, the mean follow-up duration 
was 6.4 months (median 3.3 months). Thyroid cancers are usually 
indolent and slow growing, so a follow-up period of  6.4 months 
may not be long enough to detect the clinical events. Of  the six 
patients in whom RI uptake was reinduced in our study, three had 
biochemical progression and the other three had stable disease. 
Thus, mere reinduction of  I-131 uptake cannot be justifiably 
included as a response criterion.

CONCLUSION

We conclude that RA therapy may induce RI uptake and reduce 
serum Tg levels in some patients with DTC, but whether this 
results in clinically significant response can only be ascertained 
on long-term follow-up. In our opinion, RA therapy may be 
beneficial, but definite proof  of  its efficacy and long-term 
safety is lacking. Other drugs also need to be evaluated for 
the treatment of  RI negative DTC and clinical or biochemical 
evidence of  disease.
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