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Introduction 

Anaplastic thyroid cancer (ATC) is among the most aggressive malignancies with extremely short survival 

and poor prognosis. ATC accounts for approximately 5% to 15% of primary malignant thyroid tumors that 

are resistant to surgery, radiotherapy, and chemotherapy [1]. No curative options are available for patients 

with ATC, and the poor prognosis is attributed to its unlimited growth and invasive migration. Therefore, 

identifying new therapeutic strategies is critical for ATC management. Classical cytotoxic drugs have 

demonstrated limited or no activity in ATC when administered alone [2], whereas, the improvement in the 

recognition and comprehension of genetic and molecular alterations underlying the development of ATC, 

(e.g. mutational activation of BRAF), led to the development of new treatment options [3] such as tyrosine 

kinase inhibitors (TKIs). While, vandetanib, cabozantinib, sorafenib and lenvatinib have reached a phase III 

clinical trial with favorable results in medullary thyroid carcinoma and differentiated thyroid carcinoma, it is 

still unclear if ATC patients may benefit from this therapeutic strategy [2]. Despite several preclinical 

studies on TKIs have shown some in vivo antitumor activity in ATC [4-7], monotherapy could be not 

clinically effective, as in the case of pazopanib [8] or imatinib [9]. Bible KC reported that although some 

pazopanib-treated ATC patients in a phase 2 trial incurred transient disease regression, there were no 

RECIST responses [10]. Given the postulate that ATC is resistant to monotherapy with standard 

chemotherapeutic agents or TKIs, the deep investigation of different combined schedules of targeted 

therapies and chemotherapy may help to challenge the dogma of untreatable ATC. 

 

  



 

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it 

Materials and methods 

 

In vitro studies 

Materials, drugs and cell lines 

Cell culture media RPMI were purchased from Gibco BRL (Paisley, UK), quantitative real-time PCR 

reagents were from Applied Biosystems (Foster City, CA, USA), supplements and all other chemicals not 

listed in this section were obtained from Sigma Chemical Co. (St. Louis, MO, USA). SN-38, the active 

metabolite of irinotecan, and sunitinib were dissolved in a stock solution of 10 mM in 100% 

dimethylsulfoxide (DMSO) for in vitro studies. 

The human undifferentiated thyroid cancer (with papillary component) cell lines 8305C (DSMZ 

Germany) and FB3 were maintained in 15% FBS RPMI medium suplemented with L-glutamine 2 mM. 

Antiproliferative assay 

In vitro chemosensitivity was tested on 8305C and FB3 cell lines. Cells were plated in 24-well sterile 

plastic plates and treated for 72 h (1x104 cells/well of cancer cells in 1 ml of medium) with sunitinib (0.01-

100 µM) or  SN-38 (0.01-100 µM) or with their vehicle. At the end of the experiment, cells were harvested 

with trypsin/EDTA and viable cells counted with a hemocytometer. The data are presented as the 

percentage of the vehicle-treated cells. The concentration of drug that reduced cell proliferation by 50% 

(IC50) vs. controls were calculated by nonlinear regression fit of the mean values of the data obtained in 

triplicate experiments (at least 9 wells for each concentration).  

In vitro assessment of synergism between sunitinib and SN-38 on tumor cells 

The combination of sunitinib with SN-38 was explored on 8305C and FB3 cells with three different 

treatment schedules at a fixed molar concentration ratio, as follows: (A) simultaneous exposure : sunitinib 

(0.01-100 µM) plus SN-38 (0.01-100 µM) for 72 h; (B) sequential exposure : sunitinib (0.01-100 µM) alone 

for 24 h, sunitinib (0.01-100 µM) plus SN-38 (0.01-100 µM) for 24-72 h and SN-38 (0.01-100 µM) alone for 

72-96 h; (C) reverse exposure : SN-38 (0.01-100 µM) alone for 24 h, SN-38 (0.01-100 µM) plus sunitinib 

(0.01-100 µM) for 24-72 h and sunitinib (0.01-100 µM) alone for 72-96 h. Therefore, the total exposure of 

each drug was 72 h. To evaluate the level of interaction (synergistic, additive or antagonist) between SN-38 

and sunitinib the Combination Index method was followed [11]. Briefly, synergism or antagonism for 

sunitinib plus SN-38 was calculated on the basis of a multiple drug-effect equation, and quantitated by the 

combination index (CI) where CI<1, CI=1, and CI>1 indicates synergism, additive effect, and antagonism, 

respectively. Based on the classic isobologram for mutually exclusive effects, the CI value was calculated as: 

CI = [(D)1/(Dx)1] + [(D)2/(Dx)2] 

As an example, at the 50% inhibition level, (Dx)1 and (Dx)2 are the concentrations of sunitinib and SN-38, 

respectively that induce a 50% inhibition of cell growth; (D)1 and (D)2 are the concentrations of sunitinib 

and SN-38 in combination that also inhibits cell growth by 50% (isoeffective as compared with the single 

drugs alone). The dose-reduction index (DRI) defined the degree of dose reduction that is possible in a 

combination for a given degree of effect as compared with the concentration of each drug alone: 

(DRI)1=(Dx)1/(D)1 and (DRI)2=(Dx)2/(D)2 

The CI and DRI indexes were calculated with the CalcuSyn v.2.0 software (Biosoft, Cambridge, UK). 
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Modulation of ABCG2, ANG2, C-met, CXCR4, CSF-1, CSF-3, Hif1α and VEGF gene expression  

To evaluate the expression of the genes encoding human ABCG2, ANG2, C-met, CXCR4, CSF-1, CSF-

3, Hif1α and VEGF proteins, 8305C and FB3 cells were grown in their respective media and treated with SN-

38 and sunitinib or in combination in three different treatment schedules (simultaneous, sequential and 

reverse exposure) at a concentration corresponding to the experimental IC50 of cell proliferation or with 

vehicle alone for 72 h. Briefly, RNA (1 µg) was reverse transcribed using Omniscript RT Kit (Qiagen, 

Germantown, MD), according to the manufacturer's protocol. The resulting cDNA was diluted (2:3) and 

then amplified by SYBR green-based real-time RT-PCR (QuantiTect® SYBR Green PCR Kit, QIAGEN) was 

performed using an ABI Prism 7000 Sequence Detection System (Applied Biosystems) with gene-specific 

primers purchased from Applied Biosystems. The PCR thermal cycling conditions and optimization of primer 

concentrations were followed as per manufacturer’s instructions. Amplifications were normalised to HMBS 

(Hs_HMBS_1_SG, QuantiTect® Primer Assay Qiagen), and the quantitation of gene expression was 

performed using the ΔΔCt calculation, where Ct is the threshold cycle; the amount of target, normalised to 

the endogenous control and relative to the calibrator (vehicle-treated control cells), is given as 2-ΔΔCt. All 

experiments were repeated, independently, three times with at least 9 samples for each concentration. 

High-performance liquid chromatography analysis of SN-38 concentrations in ATC cells.  

The quantitative analysis of irinotecan’s main metabolite SN-38 in cells was performed as 

previously described [12] with minor modifications. ATC cells were treated with vehicle alone, SN-38 (1 

μM), sunitinib (1 μM), or a combination of the two (SN-38 1 μM + sunitinib 1 μM) for 2 hours. At the end of 

the experiment, the cells were collected and centrifuged. The cells were frozen and thawed three times 

consecutively. Proteins in the lysate were quantified by colorimetric assay (Bio-Rad Laboratories). Briefly, 

concentrations of SN-38 were evaluated after extracting with methanol containing 0.1% HCl 10 N. The 

samples were then centrifuged, and the clear supernatant was evaporated to dryness under nitrogen flow 

in a thermostated bath at 45°C. The resulting pellet was reconstituted in methanol acidified with 0.1% HCl 

10 N and eluted through a μBondapack C18 stationary phase column (300 × 3.9 mm, 10 μm; Waters, 

Milford, MA) by KH2PO4 0.1 M/acetonitrile (60:40, vol/vol; pH 6.0) containing 3 mM sodium 

heptanesulfonate. The chromatographic system LC Module I Plus (Waters) was equipped with a Model 474 

scanning fluorescence detector with excitation and emission wavelengths set at 375 and 525 nm, 

respectively [13]. Data analysis was performed using Millennium 2.1 software (Waters). Standard 

calibration curves were generated by adding SN-38 to 1 ml of PBS, resulting in final concentrations that 

ranged from 2500 to 0.16 ng/ml. The range of linearity of the high-performance liquid chromatography 

method was from 2500 to 0.16 ng/ml. 

In vivo studies 

Animals and treatments 

The CD nu/nu male mice, weighing 20 g, were supplied by Charles River (Milan, Italy) and were 

allowed unrestricted access to sterile food and tap water. Each experiment employed the minimum 

number of mice needed to obtain statistically meaningful results. 

On day 0, 2x106 ± 5% viable 8305C cells/mouse were inoculated subcutaneously. Animal weights were 

monitored and upon appearance of a subcutaneous mass, tumor dimensions were measured every two 

days using calipers. Tumor volume (mm3) was defined as follows: [(w1 x w1 x w2) x (π/6)], where w1 and 

w2 were the smallest and the largest tumor diameter (mm), respectively. The mice were randomized into 

groups of six animals. Treatment was delivered once the tumor reached ~100mm3. Mice were treated with 

irinotecan (CPT-11 100 mg/Kg/wk) and sunitinib (25 mg/kg/every two days) alone and in combination in 

three different schedules treatments - simultaneous and sequentials (i.e. CPT-11 for two weeks followed by 

sunitinib for two weeks, or the reverse schedule), as described above. Mice from the control group were 
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injected i.p. with saline. The experimental period ended after the last administration of the combination 

schedules. Mice were sacrificed by an anesthetic overdose, and tumors were excised, measured, and 

sampled for IHC. Drug efficacy was based on percentage of the average treated tumor volume divided by 

the average vehicle control tumor volume (% T /C) [28]. 

Analysis of data 

The analysis by ANOVA, followed by the Student-Newman–Keuls test, was used to assess the 

statistical differences of data in vitro and in vivo. P-values lower than 0.05 were considered significant. 

Statistical analyses were performed using the GraphPad Prism software package version 5.0 (GraphPad 

Software Inc., San Diego, CA, USA). 

 

Results 

 

Sunitinib and SN-38 inhibit cancer cell proliferation in vitro 

Sunitinib and SN-38 inhibited in vitro the cell proliferation of thyroid cancer 8305C and FB3 cell lines 

in a concentration-dependent manner; the 72-h sunitinib exposure inhibited the 8305C and FB3 cell 

proliferation with an IC50 of 1.41±0.69 μM and 9.02±15.6 µM, respectively; (Figure 1 A and B). In contrast, 

a higher antiproliferative effect of SN-38 on 8305C and FB3 was found as demonstrated by the  IC50 

(0.1863±0.014 μM and 0.252±0.077 µM, respectively; Figure 1 A and B). 

Synergistic effect of sunitinib and SN-38 on cancer cell proliferation 

Simultaneous exposure of 8305C and FB3 cells to different concentrations of sunitinib and SN‐38 for 72 h 

showed a strong synergism (CI<1 and DRI>1). Synergism corresponding to CI<1 always yielded a favorable 

DRI>1 for both drugs. Furthermore, also the sequential and reverse exposure of sunitinib and SN‐38 for 72 

h were synergistically active on 8305C and FB3 cell proliferation.  

Modulation of ABCG2, ANG2, C-met, CXCR4, CSF-1, CSF-3, Hif1α and VEGF gene expression 

In order to study the effect of sunitinib and SN‐38 in the three different treatment schedules to the 

variation of the expression of angiogenesis‐related genes, the expression of the genes encoding human 

ABCG2, ANG2, C-met, CXCR4, CSF-1, CSF-3, Hif1α and VEGF proteins was quantified in the 8305C and FB3 

cell lines exposed to the IC50 experimental drug concentrations in the three different treatment schedules 

described above. The simultaneous combination of sunitinib and SN‐38 greatly inhibited the gene 

expression of human ABCG2, ANG2, C-met, CXCR4, CSF-1, CSF-3, Hif1α and VEGF in 8305C and FB3 cells. Of 

note, the decreased expression of these angiogenesis‐related genes was obtained also in the sequential 

and reverse treatment schedule. 

Sunitinib and irinotecan combination exerts its antitumor activity in vivo 

8305C cells were injected s.c. in CD nu/nu mice. Tumors in control animals showed a exponential 

enlargement in their dimensions. A significant in vivo antitumour effect on 8305C xenografts was observed 

with the simultaneous combination of irinotecan and sunitinib, resulting in a significant tumour regression 

after 26 days of treatment. The toxicity profile was favorable for sunitinib and the combination, with no 

loss of weight throughout the course of the experiment.  

  

Conclusions.  
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In our study we report, for the first time to our knowledge, the remarkable efficacy of the sunitinib 

and irinotecan treatment combination in the anaplastic thyroid cancer. The simultaneous combination of 

irinotecan and sunitinib, in vitro and in vivo demonstrated a highly significant, synergistic antitumor activity 

in ATC cells suggesting a possible translation of this schedule into the clinics.  
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