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Abstract

During thyroid tumor progression, cellular de-differentiation may occur and it is commonly accompanied by metastatic spread 
and loss of iodine uptake. Retinoic acid (RA) administration might increase iodine uptake in about 40% of patients, suggest-
ing that RA could be a promising therapeutic option for radioiodine non-responsive thyroid carcinoma, although a prospective 
study with a long-term follow-up has not been reported. This was a clinical prospective study assessing the value of 13-cis-RA 
in patients with advanced thyroid carcinoma and its impact on major outcomes such as tumor regression and cancer-related 
death with a long-term follow-up of patients submitted to radioiodine (131I) therapy after RA administration. Sixteen patients 
with inoperable disease and no significant radioiodine uptake on post-therapy scan were selected. Patients were treated orally 
with 13-cis-RA at a dose of 1.0 to 1.5 mg·kg-1·day-1 for 5 weeks and then submitted to radioiodine therapy (150 mCi) after 
thyroxine withdrawal. A whole body scan was obtained 5 to 7 days after the radioactive iodine therapy. RECIST criteria were 
used to evaluate the response. An objective partial response rate was observed in 18.8%, a stable disease rate in 25% and a 
progression disease rate in 56.2%. Five patients died (62.5%) in the group classified as progression of disease. Progression-
free survival rate (PFS) ranged from 72 to 12 months, with a median PFS of 26.5 months. RA may be an option for advanced 
de-differentiated thyroid cancer, due to the low rate of side effects.
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Differentiated thyroid carcinomas are slow growing and 
usually curable by the combination of surgery, radioiodine 
ablation and thyroid-stimulating hormone (TSH) suppres-
sive therapy. However, recurrence develops in 20-40% 
of patients (1,2). During tumor progression, cellular de-
differentiation occurs in up to 30% of cases (3) and is com-
monly accompanied by more aggressive growth, metastatic 
spread and loss of iodine uptake. The therapeutic options 
for de-differentiated thyroid cancer are limited and generally 
not efficient (4). Therefore, patients with aggressive thyroid 
cancer usually need multimodal adjuvant therapies such as 
radiotherapy and/or chemotherapy and have a less favor-
able outcome (5). Recently, the use of target therapy, such 
as tyrosine kinase inhibitors, has been reported to be effec-
tive for the control of most cases (6,7), although important 

undesirable side effects sometimes occur. 
Retinoic acids (RAs) are biologically active metabolites 

of vitamin A, which regulate the growth and the differentiation 
of many types of cell. The in vitro re-differentiating effect 
of RA on thyroid carcinoma cell lines has been suggested 
by data showing increased expression of sodium/iodide 
symporter mRNA, type I iodothyronine deiodinase and 
alkaline phosphatase (8-10), and by the increase of cellular 
iodine uptake and human TSH binding (11).

Some studies have evaluated the effectiveness of 13-cis 
retinoic acid (13-cis-RA) in thyroid cancer. Previous clinical 
studies have demonstrated that RA administration induces 
iodine uptake in about 40% of patients, suggesting that RA 
could be a promising therapeutic option for radioiodine non-
responsive thyroid carcinoma (12-15). However, when the 
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effects of RA on serum thyroglobulin (Tg) and tumor size 
were analyzed together with its ability to increase iodine 
uptake, a satisfactory response (tumoral regression or 
stabilization) was obtained in a minority of cases (16-18), 
although no prospective study with a long-term follow-up 
has been reported. On the basis of these considerations, 
we performed a clinical prospective study to assess the 
value of 13-cis-RA against advanced thyroid carcinoma 
and its impact on major outcomes such as tumor regres-
sion and cancer-related death during a 72-month follow-up 
of patients submitted to radioiodine (131I) therapy after RA 
administration.

Patients and Methods

Sixteen patients (12 females and 4 males aged 28 to 79 
years) with a mean age of 53 years and with advanced and 
progressive thyroid cancer (defined as an increase of more 
than 20% in the target lesion size during the last 6 months, 
an increase in serum Tg levels of more than 20% or the 
presence of a new lesion), inoperable disease (because of 
an extensive local tumor mass and/or metastatic spread) and 
no significant radioiodine uptake on post-therapy scan were 
selected for this prospective study. Patients were followed 
from 2002 to 2008. Fourteen patients (87.5%) had papil-
lary thyroid carcinomas and 2 (12.5%) had follicular thyroid 
carcinomas. Exclusion criteria were pregnancy, anaplastic 
carcinoma and liver or renal insufficiency. Patients showed 
evidence of measurable disease according to the Response 
Evaluation Criteria in Solid Tumors (RECIST). The Federal 
University of Rio de Janeiro Ethics Committee approved 

the protocol and all patients gave written informed consent 
to participate in the study.

The treatment was performed with 13-cis-RA (iso-
tretinoin) at a dose of 1.0 to 1.5 mg·kg-1·day-1 orally for 5 
weeks and the patients were then submitted to radioiodine 
therapy (150 mCi) after thyroxine withdrawal. A whole 
body scan was carried out 5 to 7 days after administration 
of the therapeutic dose of radioactive iodine (131I). Iodine 
accumulation was determined by comparison of the tumor 
with the background and physiological structures (such as 
liver). The whole body scan was performed at a gamma 
camera speed of 12 cm/min. Since all patients had been 
submitted to at least one post-therapy scan before the 
beginning of isotretinoin administration, comparison of the 
scans (before and after RA) was possible for classification 
of the response. Those patients who showed an increase of 
iodine uptake after radioiodine therapy were candidates for 
more than one treatment cycle before the assessment of the 
best response. This was done 12 months later if they had 
an increase in iodine uptake in the post-therapy scan.

Thyroxine treatment was discontinued and replaced with 
triiodothyronine up to 3 weeks prior to radioiodine therapy. 
Liver enzymes, blood count, lipidogram, glycemia, serum 
Tg, anti-Tg antibody, TSH, and free T4 measurements were 
determined before and during treatment in all patients. 
Serum Tg was quantified by an immunometric assay (Im-
munolite®, Diagnostic Products Corporation, USA) with 
analytical sensitivity of 0.2 ng/mL, functional sensitivity of 
0.9 ng/mL and interassay variation up to 8.8%.

The study end points of best objective response rate 
and stable disease were identified on the basis of com-

puted tomography findings or on neck 
ultrasound using RECIST. All images 
were evaluated by the same radiologist 
before and after RA therapy.

Results

The baseline characteristics of the 
patients enrolled in the study are listed 
in Table 1; 3 patients (18.8%) had 
received prior chemotherapy and 5 
(31.3%) prior external-beam radiation. 
All patients had progressive disease 
evaluated by baseline scans before the 
initiation of treatment. All patients had 
been submitted to total thyroidectomy 
followed by ablation of remnants with 
radioiodine therapy. After recurrence, 
the patients were treated with radioio-
dine until the post-dose scan became 
negative for iodine uptake. Accumulated 
radioiodine doses ranged from 100 to 
750 mCi (median 375 mCi). Patients 
had been followed for at least 12 months 

Table 1. Baseline characteristics of the patients treated with retinoic acid.

Characteristic No. of patients (N = 16)

Thyroid cancer subtype
Papillary 14 (87.5%)
Follicular 2 (12.5%)

Previous treatment
Surgery 16 (100%)
Radioiodine treatment 16 (100%)
Chemotherapy 3 (18.8%)
External-beam radiation 5 (31.2%)

Follow-up
1-2 years 2 (12.5%)
2-3 years 8 (50%)
3-4 years 3 (18.8%)
>4 years 3 (18.8%)

Localization of initial disease before retinoic acid treatment
Lung metastasis 13 (81.3%)
Bone metastasis 4 (25%)
Local recurrence 10 (62.5%)

Patients received 13-cis retinoic acid, orally, 1.0 to 1.5 mg·kg-1·day-1 for 5 weeks.
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after RA, and 37.5% of them had at least 36-48 months of 
follow-up. Three patients had been followed for 72 months 
after RA therapy (median follow-up of 30 months). Corre-
lation between the initial response, defined as a positive 
post-therapy scan after RA therapy, and tumor shrinkage 
by RECIST criteria was also assessed. 

In general, therapy was well tolerated and all patients 
completed RA treatment. However, some side effects 
were frequent, such as dryness of skin and mucosa and 
hypertriglyceridemia. One patient had a transitory rise of 
fasting blood glucose level and one had anemia. Elevation 
of triglycerides is a well-known metabolic complication of 
retinoid therapy, which can be explained, at least in part, by 
the increase in Apo C-III expression at the transcriptional 
level via RA interaction with the retinoid X receptor (19).

The best responses among the 16 patients were as-
sessed 12 months after the last patient started treatment 
(Table 2). The objective partial response rate (defined 
as a 30% decrease in the sum of the longest diameter 
measurements by RECIST) was 18.8% (3 patients). The 
stable disease rate (defined as a 0 to 30% in the sum of 
the longest diameter by RECIST) was 25% (4 patients) 
and the progression disease rate was 56.2% (9 patients). 
Progression of the disease was defined as an increase in 
the sum of the longest diameter measurements or a finding 
of new lesions. Five patients died (62.5%) in the group clas-
sified as progression of disease. Responses ranged from 
progressive disease to a 75% decrease in target lesions by 
RECIST criteria (Figure 1). Progression-free survival rate 
(PFS) ranged from 72 to 12 months, with a median value 

of 26.5 months. The Kaplan-Meier survival curve for all 16 
patients is shown in Figure 2. All deaths occurred because 
of thyroid cancer progression, especially secondary to lung 
metastases. In the determination of progression disease, 
44.4% (4 of 9) of the patients showed increased iodine 
uptake in the post-therapy scan after RA treatment, even 
though tumor size increased or new lesions appeared during 
follow-up. All patients who showed a partial response in the 
target lesions had a positive post-RA therapy scan at the 
initial evaluation, two of them received only one cycle of RA 
treatment and radioiodine therapy, and one received four 
cycles of RA. Among the patients with stable disease, two 
had an initial response and one did not respond (negative 
post-therapy scan) despite having stable disease during 
long-term follow-up. Two of these patients were treated 

Figure 1. Best overall response regarding change in the target lesion measurement determined on the basis of the Response Evalu-
ation Criteria in Solid Tumors (RECIST).

Table 2. Patient response.

Best response by RECIST No. of patients (N = 16)

Complete response 0
Partial response 3 (18.8%)
Stable disease 4 (25%)
Disease progression 9 (56.2%)
Clinical benefit (PR + SD) 7 (43.8%)

RECIST = Response Evaluation Criteria in Solid Tumors; com-
plete response = 100% tumor shrinkage; partial response (PR) 
= >30% decrease; stable disease (SD) = 0 to 30% decrease; 
disease progression = increase in tumor size.
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once with an RA cycle, one receiving two cycles and the 
other three cycles of RA. 

Discussion

There are no effective therapies for advanced metastatic 
thyroid cancer that do not concentrate radioiodine. Recent 
studies with the RA isomer 13-cis-RA have shown that this 
drug can induce re-differentiation of thyroid carcinoma cell 
lines in vitro, as suggested by increased expression of some 
thyroid-specific proteins (9,10,20,21) and by the increase 
of cellular radioiodine uptake (22-25). In several clinical 
studies, RA administration was able to re-induce iodine 
uptake in 20 to 50% of patients (12,16,26).

In the present study, we observed a partial response 
rate of 18.8% and a stable disease rate of 25%, with an 
overall clinical benefit rate of 43.8% after 5 weeks of RA 
followed by a therapeutic dose of radioiodine. Previous 
studies (27,28) have described a shorter-term follow-up of 
RA-treated patients. Kim et al. (27) showed stable disease 
assessed by RECIST criteria in 55% of patients and none 
of their patients had a partial response. Zhang et al. (28) 
had a better outcome with a 63.6% clinical benefit (partial 

response + stable disease).
In the Eastern Cooperative Oncology Group trial of 

doxorubicin-containing regimens, PFS time for patients 
with metastatic iodine non-avid differentiated thyroid cancer 
was estimated at 2 months for both doxorubicin alone and 
doxorubicin plus cisplatin, and median overall survival time 
was 8 months (29). In the present study, we observed a 
median PFS of 26.5 months, which might represent a con-
siderably significant improvement in the outcome of these 
patients. Recent studies using Sorafenib (6) or Axitinib (7) 
have found a slightly lower partial response rate and a much 
lower PFS, probably because they included patients with 
non-differentiated thyroid carcinoma, which has a more 
aggressive behavior. 

Despite improved iodide uptake, tumor shrinkage evalu-
ated by RECIST criteria was less than expected (62.5% 
had increased radioiodide uptake vs 18.8% with a partial 
response). Interestingly, 44.4% of the patients who had 
progression of disease showed increased iodine uptake at 
the beginning. Recent data analyzing the role of 124I-PET 
scan have suggested that the traditional scan using 131I 
is not accurate enough to determine the concentration of 
radioiodine in tumor metastases (30). In fact, these data 
might explain why patients with improved iodine uptake 
after RA therapy do not necessarily present the expected 
tumor shrinkage.

There was no correlation between the number of RA 
cycles and the response. In fact, most of the patients who 
had a partial response in their target lesion had only one 
cycle of RA treatment associated with radioiodine therapy 
and also showed a good increase in iodine uptake from the 
beginning. These data suggest that the beneficial effect of 
RA does not depend on the number of drug cycles admin-
istered, but rather on the biology of the tumor.

RA might be an option for advanced de-differentiated 
thyroid cancer due to the low rate of side effects, especially 
when compared with cytotoxic drugs. However, a satisfac-
tory response was observed in only 18.8% of our cases, 
similar to that reported in a previously published clinical 
study (28), and patients with aggressive thyroid cancer 
usually need adjuvant treatments such as radiotherapy 
and/or chemotherapy.

References

  1.	 Mazzaferri EL, Massoll N. Management of papillary and fol-
licular (differentiated) thyroid cancer: new paradigms using 
recombinant human thyrotropin. Endocr Relat Cancer 2002; 
9: 227-247.

  2.	 Schlumberger MJ. Papillary and follicular thyroid carcinoma. 
N Engl J Med 1998; 338: 297-306.

  3.	 Goretzki PE, Simon D, Frilling A, Witte J, Reiners C, Grus-
sendorf M, et al. Surgical reintervention for differentiated 
thyroid cancer. Br J Surg 1993; 80: 1009-1012.

  4.	 Haugen BR. Management of the patient with progressive 

radioiodine non-responsive disease. Semin Surg Oncol 
1999; 16: 34-41.

  5.	 Coelho SM, Corbo R, Buescu A, Carvalho DP, Vaisman M. 
Retinoic acid in patients with radioiodine non-responsive 
thyroid carcinoma. J Endocrinol Invest 2004; 27: 334-339.

  6.	 Gupta-Abramson V, Troxel AB, Nellore A, Puttaswamy K, 
Redlinger M, Ransone K, et al. Phase II trial of Sorafenib 
in advanced thyroid cancer. J Clin Oncol 2008; 26: 4714-
4719.

  7.	 Cohen EE, Rosen LS, Vokes EE, Kies MS, Forastiere AA, 

Figure 2. Kaplan-Meier curve of progression-free survival (PFS) 
rate for all 16 patients included in the study.



Retinoic acid and thyroid cancer 77

www.bjournal.com.br Braz J Med Biol Res 43(1) 2011

Worden FP, et al. Axitinib is an active treatment for all his-
tologic subtypes of advanced thyroid cancer: results from a 
phase II study. J Clin Oncol 2008; 26: 4708-4713.

  8.	 Marcus R, Coulston AM. Fat-soluble vitamins: A, K, and E. 
In: Hardman JG, Limbird LE, Gilman AG (Editors), Goodman 
and Gilman’s The pharmacological basis of therapeutics. 
New York: McGraw-Hill; 2000. p 1773-1792.

  9.	 Schmutzler C, Winzer R, Meissner-Weigl J, Kohrle J. Retin-
oic acid increases sodium/iodide symporter mRNA levels in 
human 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.

10.	 Schreck R, Schnieders F, Schmutzler C, Kohrle J. Retinoids 
stimulate type I iodothyronine 5’-deiodinase activity in hu-
man follicular thyroid carcinoma cell lines. J Clin Endocrinol 
Metab 1994; 79: 791-798.

11.	 Schmutzler C, Brtko J, Bienert K, Kohrle J. Effects of retin-
oids and role of retinoic acid receptors in human thyroid 
carcinomas and cell lines derived therefrom. Exp Clin En-
docrinol Diabetes 1996; 104 (Suppl 4): 16-19.

12.	 Grunwald F, Menzel C, Bender H, Palmedo H, Otte R, Fim-
mers R, et al. Redifferentiation therapy-induced radioiodine 
uptake in thyroid cancer. J Nucl Med 1998; 39: 1903-1906.

13.	 Simon D, Koehrle J, Reiners C, Boerner AR, Schmutzler 
C, Mainz K, et al. Redifferentiation therapy with retinoids: 
therapeutic option for advanced follicular and papillary thy-
roid carcinoma. World J Surg 1998; 22: 569-574.

14.	 Schmutzler C, Kohrle J. Retinoic acid redifferentiation 
therapy for thyroid cancer. Thyroid 2000; 10: 393-406.

15.	 Van Herle AJ, Agatep ML, Padua DN III, Totanes TL, Canla-
pan DV, Van Herle HM, et al. Effects of 13 cis-retinoic acid 
on growth and differentiation of human follicular carcinoma 
cells (UCLA R0 82 W-1) in vitro. J Clin Endocrinol Metab 
1990; 71: 755-763.

16.	 Simon D, Korber C, Krausch M, Segering J, Groth P, Gor-
ges R, et al. Clinical impact of retinoids in redifferentiation 
therapy of advanced thyroid cancer: final results of a pilot 
study. Eur J Nucl Med Mol Imaging 2002; 29: 775-782.

17.	 Liu YY, Stokkel MP, Morreau HA, Pereira AM, Romijn JA, 
Smit JW. Radioiodine therapy after pretreatment with bex-
arotene for metastases of differentiated thyroid carcinoma. 
Clin Endocrinol 2008; 68: 605-609.

18.	 Kurebayashi J, Tanaka K, Otsuki T, Moriya T, Kunisue H, 
Uno M, et al. All-trans-retinoic acid modulates expression 
levels of thyroglobulin and cytokines in a new human poorly 
differentiated papillary thyroid carcinoma cell line, KTC-1. J 
Clin Endocrinol Metab 2000; 85: 2889-2896.

19.	 Vu-Dac N, Gervois P, Torra IP, Fruchart JC, Kosykh V, Koo-

istra T, et al. Retinoids increase human Apo C-III expression 
at the transcriptional level via the retinoid X receptor. Contri-
bution to the hypertriglyceridemic action of retinoids. J Clin 
Invest 1998; 102: 625-632.

20.	 Schmutzler C, Schmitt TL, Glaser F, Loos U, Kohrle J. The 
promoter of the human sodium/iodide-symporter gene 
responds to retinoic acid. Mol Cell Endocrinol 2002; 189: 
145-155.

21.	 Havekes B, Schroder van der Elst JP, van der Pluijm G, 
Goslings BM, Romijn JA, Smit JW. Beneficial effects of 
retinoic acid on extracellular matrix degradation and attach-
ment behaviour in follicular thyroid carcinoma cell lines. J 
Endocrinol 2000; 167: 229-238.

22.	 Simon D, Kohrle J, Schmutzler C, Mainz K, Reiners C, Roher 
HD. Redifferentiation therapy of differentiated thyroid carci-
noma with retinoic acid: basics and first clinical results. Exp 
Clin Endocrinol Diabetes 1996; 104 (Suppl 4): 13-15.

23.	 Jeong H, Kim YR, Kim KN, Choe JG, Chung JK, Kim MK. 
Effect of all-trans retinoic acid on sodium/iodide symporter 
expression, radioiodine uptake and gene expression profiles 
in a human anaplastic thyroid carcinoma cell line. Nucl Med 
Biol 2006; 33: 875-882.

24.	 Frohlich E, Brossart P, Wahl R. Effects of retinoids on por-
cine thyrocytes under different culture conditions. Histochem 
J 2001; 33: 295-304.

25.	 Hoffmann S, Rockenstein A, Ramaswamy A, Celik I, Wun-
derlich A, Lingelbach S, et al. Retinoic acid inhibits angio-
genesis and tumor growth of thyroid cancer cells. Mol Cell 
Endocrinol 2007; 264: 74-81.

26.	 Gruning T, Tiepolt C, Zophel K, Bredow J, Kropp J, Franke 
WG. Retinoic acid for redifferentiation of thyroid cancer 
- does it hold its promise? Eur J Endocrinol 2003; 148: 395-
402.

27.	 Kim WG, Kim EY, Kim TY, Ryu JS, Hong SJ, Kim WB, et 
al. Redifferentiation therapy with 13-cis retinoic acids in 
radioiodine-resistant thyroid cancer. Endocr J 2009; 56: 
105-112.

28.	 Zhang Y, Jia S, Liu Y, Li B, Wang Z, Lu H, et al. A clinical 
study of all-trans-retinoid-induced differentiation therapy of 
advanced thyroid cancer. Nucl Med Commun 2007; 28: 251-
255

29.	 Shimaoka K, Schoenfeld DA, DeWys WD, Creech RH, 
DeConti R. A randomized trial of doxorubicin versus doxo-
rubicin plus cisplatin in patients with advanced thyroid car-
cinoma. Cancer 1985; 56: 2155-2160.

30.	 Lubberink M, Abdul FS, Brans B, Hoekstra OS, Teule GJ. 
The role of (124)I-PET in diagnosis and treatment of thyroid 
carcinoma. Q J Nucl Med Mol Imaging 2008; 52: 30-36.


