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Abstract

:

Background: Tyrosine kinase inhibitors (TKIs) have improved progression-free survival in patients with advanced thyroid cancer. So far, few studies have investigated the efficacy of TKIs in a second-line setting. The purpose of our study was to explore the salvage therapy efficacy in patients with advanced thyroid cancer. Methods: We retrospectively evaluated 63 patients with progressive advanced thyroid carcinoma treated with TKIs divided into a Study group (23 patients) treated with salvage therapy, and a Control group (40 patients) treated with only one TKI. Results: Similar clinical benefits (stable disease + partial response) and progression free survival between the first and the second line TKI were observed in the Study group (p > 0.99 and p = 0.5, respectively). Median overall survival (OS) was 67.7 months in the Study group and 22.6 months in the Control group (HR 2.46; 95% CI 1.34–4.52, p = 0.004). After stratifying the whole population by age (<65 and ≥65 years), OS was significantly different (p < 0.001) with the best survival curve in younger patients, treated with salvage therapy and the worst in older subjects, treated with only one TKI. Conclusions: Salvage therapy showed a significant improvement of OS in patients with advanced thyroid cancer who experienced disease progression during prior TKI therapies.
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1. Introduction


Approximately 5–10% of patients with differentiated thyroid cancer (DTC) develop metastatic disease over time and among them two-thirds have iodine refractory disease [1]. In this subgroup of DTC patients, the 10-year survival rate is less than 20% [2]. In medullary thyroid carcinomas (MTCs) distant metastases are present at diagnosis in 7–23% of patients and represent the main cause of cancer-related death with a 10-year survival rate disease ≤40% compared to a 10-year overall survival of 75% observed in unselected MTC patients [3,4]. Four multikinase inhibitors (vandetanib, cabozantinib, sorafenib and lenvatinib), all targeting the vascular endothelial growth factor receptor (VEGFR), have obtained regulatory approval for advanced thyroid cancer as a result of significant improvement in progression free survival (PFS) demonstrated in phase III trials [5,6,7,8]. Several other related agents have been tested in clinical trials or used off-label as first- and second-line treatments for selected patients [9,10]. Despite the evidence of a reasonable efficacy, most patients could no longer respond to tyrosine kinase inhibitors (TKIs) due to drug resistance, and many patients were forced to discontinue the drug prematurely because of the toxic side effects. In these cases, salvage therapy with another TKI is suggested. In other types of human cancers, the efficacy of sequential treatment with TKIs has been demonstrated, even if the ideal sequence of targeted agents requires further elucidation [11,12,13]. The first available data on utility of second-line TKIs therapy in advanced thyroid carcinoma are provided by monocentric studies or randomized international multicentric trials [5,6,8,14,15,16,17]. No significant differences were observed in terms of PFS and/or response rate defined according to the Response Evaluation Criteria in Solid Tumors (RECIST), among patients previously treated or not with others TKI. To date, only a few studies have specifically investigated the efficacy of second-line TKIs in advanced thyroid carcinoma [18,19,20,21,22,23].



In our retrospective study, we try to evaluate the efficacy of salvage therapy in patients with advanced thyroid cancer, including DTC, poorly differentiated thyroid cancer (PDTC) and MTC, who experienced disease progression after first-line TKI treatment.



The primary objective of this study was to evaluate the efficacy of TKI, when used as first- or second-line, in terms of best overall response (BOR) and progression free survival (PFS). The secondary objective was to compare the overall survival (OS) among patients treated with only one TKI and patients treated with salvage therapy after failure of the first TKI treatment.




2. Materials and Methods


2.1. Study Population


We retrospectively evaluated 63 patients with progressive advanced thyroid carcinoma who received first-line treatment with TKI from November 2004 to September 2017 at our institution. The extended follow-up continued to January 2020. The patient data collected included age, sex, histological findings, site of distant metastases, information about treatment with TKIs (time lapse between diagnosis and treatment start, duration of treatment, reason for discontinuation), information about any salvage treatments received, tumor response, and follow-up time or date of death. The patients were divided into two groups: the Study group included patients treated with sequential TKIs after first TKI failure (salvage therapy) and the Control group was composed of patients treated with only one TKI.




2.2. Assessments and Definitions


Patients were submitted at baseline and every 8–12 weeks to radiological evaluation by total body computed tomography (CT) or magnetic resonance imaging (MRI). The response to therapy was evaluated according to RECIST criteria v.1.1 [24]. PFS was defined as the time elapsed from TKI administration to the first evidence of tumor progression documented by CT or MRI examination according to RECIST criteria v 1.1 or until death. Best overall response (BOR) was defined as the best response recorded from the start of the treatment until disease progression/recurrence. We considered a clinical benefit when BOR was partial response (PR) or stable disease (SD). The overall survival (OS) was calculated from the start date of the TKI treatment to the time of death from any cause.




2.3. Statistical Analysis


Quantitative variables were presented as the mean ±SD, and with median when normality cannot be statistically established. The Anderson–Darling test was used to assess normality of variables’ distribution. The independent t-test or the Mann–Whitney test were performed for normal or non-normal variables, respectively. Qualitative variables were presented as absolute frequencies and percentages and to evaluate significant differences in data frequency we analyzed 2 × 2 contingency tables by the Fisher exact test. Tables with size larger than 2 × 2 were examined by the Chi-squared test or by numerical approximation of the Fisher exact test, when all expected frequencies were greater than 5 or not, respectively. The progression free survival and the overall survival were evaluated by Kaplan–Meier curves and to evaluate differences between two or more survival curves log-rank test was performed. Stepwise Cox regression was used to examine factors contributing to overall survival and the hazard ratio (HR) with their 95% confidence interval (CI) are estimated. A p-value <0.05 was considered statistically significant. Statistical analysis was performed using the software StatView for Windows version 5.0.1 (SAS Institute, Cary, NC, USA) and the SPSS Statistics version 22.0.





3. Results


3.1. Study Population


Clinical and pathological features of study population are reported in Table 1. Forty-two patients (66.7%) had progressive advanced RAI-refractory DTC, 5 patients (7.9%) had PDTC while 16 patients (25.4%) had progressive metastatic or locally advanced MTC. At cancer diagnosis patients (n = 63) had a mean age of 56.4 ± 17 years and 52.4% of them were males. Mean age at the time of TKI treatment was 63.5 ± 15.2 years and the time-lapse between the diagnosis of thyroid cancer or the appearance of distant metastases and the start of therapy with TKI was 7 ± 6.81 years and 3.6 ± 3.3 years, respectively. Fifty-seven percent of the entire cohort had three or more metastatic sites. Bone metastases were present in 29/63 patients (46%), lung metastases in 43/63 (68.2%) and the target lesion sum at baseline was 84.83 ± 55.2 mm.



Patients were divided into two groups: the Study group consisted of 23 patients treated with sequential TKIs after first TKI’s failure (salvage therapy) and the Control group was composed by 40 patients treated with only one TKI (Table 1). Among control group, the majority of patients did not receive a second line treatment because it was not currently available. Fourteen/40 (35%) patients in the control group and 14/23 (60.8%) in the study group received a 1st line TKI and 8/23 (34.8%) patients in the study group received a 2nd line TKI within a clinical trial.



The patients treated with more than one TKI (Study group, n = 23) and those treated with only one TKI (Control group, n = 40) were not statistically different except for age, in details the patients of Study group were younger both at the time of cancer diagnosis (53 vs. 61 years, p = 0.004) and at the time of starting TKI (59 vs. 68 years, p = 0.007) (Table 1).




3.2. TKIs Treatment in the Entire Population


TKIs used as first line therapy did not differ between the Study group and the Control group (p = 0.22). Specifically, in the Study group, sorafenib was the most frequent TKI used (43.5% of subjects), followed by vandetanib (26.1%), motesanib (13%), sunitinib (8.7%) and lenvatinib (8.7%). Similarly, in the Control group the majority of patients were treated with sorafenib (52.5%), followed by vandetanib (25%), lenvatinib (17.5%) and motesanib (5%), while no patients were treated with sunitinib.



In the Study group, a second TKI treatment was started for disease progression in 19/23 (82.6%) patients and for drug-related adverse events in 4/23 (17.4%) cases. The second line therapy included lenvatinib in 8/23 (34.8%) patients, sorafenib in 5/23 (21.7%), sunitinib in 6/23 (26%), cabozantinib in 2/23 (8.7%), pazopanib and vandetanib one patient each (4.3%).




3.3. Efficacy Analysis of TKIs Treatment in the Study Group (n = 23)


In the Study group, the BOR with the first TKI (available in 22/23 patients (95.6%)) was PR in 5/22 (22.7%), SD in 14/22 (63.7%), and PD in 3/22 (13.6%) patients. For the second TKI the BOR was analyzed only in patients who stopped the first TKI for disease progression (17/22, 77.3%), excluding from the statistical analysis patients who experienced toxicity that led to discontinuation of first TKI (n = 5). Best overall response with the second TKI was PR in 4/17(23.6%), SD in 10/17 (58.8%) and PD in 3/17 (17.6%) patients (Figure 1).



Overall, a clinical benefit was observed in 19/22 (86.3%) of patients during treatment with the first TKI and in 14/17 (82.3%) of patients according to second TKI (salvage therapy) without a significant difference between the first and second TKI (p > 0.99). These results were obtained after a median of 6.5 ± 6.4 months (range 1.6–24.8 months) with the first TKI and after a median of 3.78 ± 10.0 months (range 1.26–40.40 months) with the second TKI. In a subgroup of patients who experienced a clinical benefit (with a first-line TKI in 21/22 patients (95.4%) and with a second-line TKI in 15/17 patients (88.2%)), we evaluated the median percentage reduction of the sum of target lesions. It was 18.6% (range −58.9%–+14.5%) and 16.7% (range −44.8%–+10.8%) with the first and the second TKI, respectively without significant difference (p = 0.8). The median PFS was 17.1 months (mean 21.6 ± 4.1 months, range: 3.3–71.7 months) with first-line TKI, not significantly different (Log rank test p = 0.5) from that observed with salvage therapy (median 18 months; mean 18.8 ± 4.9 months, range: 0.36–61.2 months) in the Study group (Figure 2).




3.4. Overall Survival in the Study (n = 23) and in the Control group (n = 40)


As shown in Figure 3, the OS of the Control group was significantly lower than the Study group (Log rank test p = 0.003). The median OS in the Study group (the salvage therapy group) was 67.7 months (mean 76.8 ± 9.6 months, range 11.8–146.3 months), which was longer than that observed in the Control group (22.6 months, mean 37.4 ± 7.7 months, range 0.26–148.7) (HR 2.46; 95% CI 1.34–4.52, p = 0.004). Specifically, the 3- and 5-year survival rates were 78% (CI: 62%–97%) and 60% (95% CI: 42%–84%) in the Study group and 31% (19%–52%) and 20% (CI: 9%–41%) in the Control group.




3.5. Overall Survival Based on the Age of TKI Treatment Start


Both groups were also stratified according to the age of TKI treatment start (<65 and ≥65 years). Kaplan–Meier curve analysis showed an OS significantly different between the four groups (p < 0.001). Of note, the best survival curve was obtained in younger patients (<65 years) treated with salvage therapy while the worst in older subjects (>65 years) treated with only one TKI (Figure 4).



Salvage therapy was able to significantly improve OS in older patients (median OS: 35.5 months vs. 13.3 months (HR 2.36, 95% CI, 1.00–5.56, p = 0.04)) while a trend toward significance was observed in younger patients (median survival 99 months vs. 36.7 months in younger patients (HR 2.24, 95% CI, 0.92–5.45, p = 0.07)). Moreover, salvage therapy was more effective in younger patients when compared with older subjects (median survival 99 months in patients <65 years and 35.5 months in patients >65 years (HR 2.88, 95% CI, 1.55–5.32 p = 0.0008).




3.6. Prognostic Factors Associated with Survival Benefit


Stepwise Cox regression was used to examine factors contributing to overall survival. Variables included in the analysis were gender, time-lapses between metastasis appearance and TKI treatment, number of sites of distant metastases (>2 vs. ≤2), presence of bone metastases, sum of the target lesions diameters, age at cancer diagnosis and at the beginning of the first TKI, number of TKI line of treatment (1 TKI vs. >1 TKI) and histology (DTC or PDTC vs. MTC).



We found that more than two sites of distant metastasis (HR 2.82; 95% CI, 1.43–5.57, p = 0.003), a greater sum of the target lesions diameters (HR 1.01; 95% CI, 1.00–1.02, p = 0.012), older age at the beginning of the first TKI (HR 1.07; 95% CI, 1.05–1.1, p < 0.001) and treatment with only one TKI (HR 3.23; 95% CI, 1.5–6.60, p = 0.001), negatively affected OS.





4. Discussion


Since resistance to TKIs is frequent, salvage therapy, after failure with first-line TKI treatment, is routinely used in the clinical practice. Moreover approximately 20% of patients permanently discontinue TKIs for drug-related adverse events [5,6,7,8]. To date, salvage therapy in advanced thyroid carcinoma was evaluated only in few studies and its efficacy was not well defined [18,19,20,21,22,23]. Our results suggest that treatment with TKIs can be effective also in the second-line setting in thyroid cancer patients. Indeed, the rate of clinical benefits and PFS that occurred in patients treated with the first TKI was maintained with the second-line treatment. So far, similar results have been obtained in only two studies that investigated the effect of salvage therapy in patients with advanced thyroid carcinoma [19,21]. In particular, Dadu et al. [19] evaluated the efficacy of different TKIs as salvage therapy, after first-line treatment failure (sorafenib) in a cohort of 25 patients with metastatic, radioactive iodine (RAI)-refractory DTC. The median PFS with the second-line therapy was 11.4 months, similar to that observed with sorafenib (7.4 months) [19]. In a retrospective study including 24 patients with advanced DTC treated with sorafenib or sunitinib, PFS in the first-line setting was similar to that observed in the second-line (7.0 vs. 6.7 months, respectively), even though no PR was observed in the salvage therapy group [21]. On the contrary, other authors reported a lower PFS during salvage therapy compared to that observed in the first-line setting [22,25].



Survival data of patients with advanced thyroid cancer treated with TKI are limited. In phase III trials no OS benefit was found in patients treated with TKI compared to placebo [5,6,7,8]. Moreover, to date only two studies demonstrated a significant improvement of OS in patients treated with sequential TKI compared to those treated with TKI in monotherapy [19,23]. An important finding of our study was the longer OS observed in patients undergone salvage therapy. The median OS was 67.7 months for those who received salvage therapy compared to 22.6 months in those treated with one TKI (p = 0.004). Our results are consistent with those reported by Dadu et al., who evaluated salvage therapy in 60 patients with DTC after discontinuation of first-line sorafenib [19], but unlike to our study, they included in the analysis not only patients with progressive disease, but also subjects who discontinued the first-line TKI because of adverse events.



Through a stepwise Cox regression, we found that more than two sites of distant metastases (HR 2.82), a greater sum of the target lesions diameters (HR 1.01), older age at the beginning of the first TKI (HR 1.07) and treatment with only one TKI (HR 3.23), negatively affected OS. The clinical impact of age and salvage therapy on the survival was also confirmed by Kaplan–Meier analysis. Accordingly, to the age at the time of the first TKI, salvage therapy was able to improve OS in both younger and older patients, although in patients <65 years only a trend toward significance was observed. Moreover, salvage therapy was more effective in younger patients (median survival 99 months) when compared with older subjects (median survival 35.5 months, p = 0.0008). It is known that age represents an important prognostic factor for thyroid cancer mortality, that increases with each decade of life beyond age 40, showing a marked increase of mortality in patients aged >60 years [26,27]. Nevertheless, the positive impact of younger age on OS observed in our study, could also be linked to a better tolerability toward the drugs and a lower frequency of drug-related adverse events in young patients, who therefore may require less frequently drug withdrawal or dose reduction [28]. While age plays a pivotal role, it should be pointed out that salvage therapy has a significant positive impact in OS also in older patients. These results suggest that not only younger age but also salvage therapy is able to improve overall survival in patients with advanced thyroid cancer.



To our knowledge this is the first study in which the efficacy of salvage therapy, according to the age at the first TKI start, was evaluated. The role of age in advanced thyroid cancer patients treated with lenvatinib was investigated in a post-hoc analysis of the SELECT trial, in which a significant improvement of OS was observed only in the subgroup of patients older than 65 years. However, conversely to our study were that lenvatinib was used as a second-line treatment only in 25% of patients and its effect on OS, as salvage therapy, was not evaluated. The effect of age on lenvatinib efficacy was also investigated in a recent Italian real-world study conducted in an unselected cohort of advanced DTC patients. Lenvatinib was used as second line treatment in the majority of patients, but as previously, the authors did not perform any comparison between the treatment lines [29].



Some limitations of our study are intrinsic to its retrospective design. Because advanced thyroid cancer is rare and TKIs are quite recent treatment option, the subgroup of patients in our study population who received salvage therapy was small, they received a variety of different drugs and patients with different histotypes of thyroid cancer were included. Due to all these limitations, we were not able to perform and additional analysis according to the drug administered and the histological features. On the other hand, the study has several strengths including a similar therapeutic approach and follow-up at the same institution and evidence of progressive disease before the salvage start in all patients. In addition, at our knowledge, this is the first study that has validated the role of salvage therapy in OS according to patient age.



The results of our study confirm the efficacy of salvage therapy in advanced thyroid carcinoma in terms of PFS and OS. The mechanisms underlying the clinical benefits in the second-line setting are not fully established, but they could be related to the ability of TKIs to act on different tyrosine-kinase receptors or act in the same receptor, with a different affinity, explaining the different efficacy of the TKIs and the onset and magnitude of the adverse events.



Moreover, since the patients become resistant to treatment with TKIs over time, novel therapeutic approaches are needed in addition to the standard treatment. Recent studies showed that ligand of programmed cell death protein 1 (PD-L1) expression was detected in thyroid cancer, with low level in DTC and more diffuse expression in PDTC and anaplastic cancer (ATC), in which the positive rate reaches up to 70–90% [30,31]. Combination therapies that target both the tumor and the immune response are currently under investigation in follicular-derived advanced thyroid carcinoma with promising results [31], and this kind of approach could contribute to a better prognosis in patients with advanced thyroid cancer.



In conclusion our study shows that salvage therapy in patients with advanced thyroid carcinoma is effective and, if available, should always be offered to patients who develop disease progression under TKI treatment or who cannot continue therapy due to drug-related adverse events.
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Figure 1. Best overall response and clinical benefit in the Study group: (a) with the first TKI (b) with the second TKI. PR: partial response; SD: stable disease; PD: progressive disease. 
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Figure 2. Kaplan–Meier curve of progression-free survival (PFS) in the Study group (>1 TKI). 
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Figure 3. Kaplan–Meier curve of overall survival in Study (>1 TKI) and Control group (1 TKI). 
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Figure 4. Kaplan–Meier curve of overall survival of Study (>1 TKI) and Control group (1 TKI) stratified by age (> or <65 years). 
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Table 1. Patient characteristics for the whole population (n = 63) and comparison between Study group (n = 23) and Control group (n = 40).
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All Patients

	
Study Group

	
Control Group

	
p Value




	
(>1 TKI)

	
(1 TKI)






	
Patients (n)

	
63

	
23

	
40

	




	
Male Sex n (%)

	
33 (52.4%)

	
12 (52.17%)

	
21 (52.5%)

	
0.99




	
Histology n (%)

	

	

	

	
0.6




	
DTC

	
42 (66.7%)

	
15 (65.2%)

	
27 (67.5%)




	
PDTC

	
5 (7.9%)

	
1 (4.3%)

	
4 (10%)




	
MTC

	
16 (25.4%)

	
7 (30.5%)

	
9 (22.5%)




	
Age at cancer diagnosis (years)

	

	

	

	
0.0046




	
Mean (range)

	
56.43 (23.20–85.35)

	
48.56 (23.21–78.83)

	
60.96 (29.88–85.35)




	
Median

	
57.56

	
53.75

	
61.07




	
Age at the time of TKI treatment (years)

	

	

	

	
0.0073




	
Mean (range)

	
63.51 (25.57–88.01)

	
56.85 (25.57–80.93)

	
67.35 (32.67–88.01)




	
Median

	
65.51

	
59.18

	
68.32




	
Time-lapse between cancer diagnosis and TKI treatment (years)

	

	

	

	
0.29




	
Mean (range)

	
7.08 (0.09–40.05)

	
8.28 (0.68–40.05)

	
6.39 (0.09–25.09)




	
Median

	
5.68

	
5.9

	
4.94




	
Time-lapse between appearance of metastases and TKI treatment (yrs)

	

	

	

	
0.98




	
Mean (range)

	
3.59 (0–14.23)

	
3.6 (0.05–9.79)

	
3.58 (0–14.23)




	
Median

	
2.75

	
3.08

	
2.73




	
Numbers of anatomical site involved n (%)

	

	

	

	
0.51




	
1

	
9 (14%)

	
3 (13.5%)

	
6 (15%)




	
2

	
18 (29%)

	
4 (17%)

	
14 (35%)




	
3

	
22 (35%)

	
9 (39%)

	
13 (32.5%)




	
4

	
7 (11%)

	
4 (17%)

	
3 (7.5%)




	
>4

	
7 (11%)

	
3 (13.5%)

	
4 (10%)




	
Bone metastases n (%)

	
29 (46%)

	
11 (48.8%)

	
18 (45%)

	
0.82




	
Lung metastases n (%)

	
43 (68.2%)

	
18 (78.2%)

	
25 (62.5%)

	
0.27




	
Sum of the target lesion diameters (mm) at baseline *

	

	

	

	
0.25




	
Mean (range)

	
84.83 (17–275)

	
74.32 (21–171)

	
91.84 (17–275)




	
Median

	
65

	
64.65

	
65




	
ECOG performance status n (%) **

	

	

	

	
0.8




	
0–1

	
57 (93%)

	
22 (95.7%)

	
35 (92.1%)




	
2

	
4 (6.5%)

	
1 (4.3%)

	
3 (7.9%)








TKI, tyrosine kinase inhibitor; DTC, differentiated thyroid cancer; PDTC, poorly differentiated thyroid cancer; MTC, medullary thyroid cancer; ECOG, Eastern Cooperative Oncology Group. * evaluable in 22/23 patients in the Study group and in 33/40 patients in the Control group. ** evaluable in 23/23 patients in the Study group and in 38/40 patients in the Control group.
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