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Background and objective: Radioiodine-refractory differentiated thyroid cancer
(RAIR-DTC) remains challenging to treat due to a lack of effective therapies. This
study aimed to evaluate the efficacy and safety of combining anlotinib with
iodine-125 (*2°]) seed implantation in patients with RAIR-DTC.

Methods and materials: We retrospectively compared three treatment groups in
52 patients with advanced RAIR-DTC: anlotinib monotherapy (Group A, n = 14),
125 seed brachytherapy monotherapy (Group B, n = 25), and combined therapy
(Group C, n = 13). Clinical outcomes including local progression-free survival
(LPFS), overall survival (OS), tumor response, serum thyroglobulin (Tg) levels, and
adverse events were analyzed.

Results: As of February 2025, the combination therapy group achieved a longer
median LPFS (42.2 months) than either monotherapy group (18.6-18.7 months;
p = 0.023) and a higher objective response rate at 6 months (77% vs. 21-32% with
monotherapies; p < 0.05). Tumor volumes in all groups decreased after
treatment, with the greatest reduction within 6 months in the combination
group (p < 0.001). By 12 months, response differences between groups
narrowed, and median OS was similar across groups (~22-43 months,
p = 0.425). Serum Tg levels declined significantly from baseline in all groups.
No major procedural complications occurred, and treatment-related adverse
reactions were mostly mild (Grade 1-2) and comparable among groups.
Conclusion: Combining '?°| seed brachytherapy with anlotinib demonstrated
superior short-term tumor control and prolonged local disease remission in
RAIR-DTC, without increasing toxicity. This combination may offer a promising
therapeutic option for RAIR-DTC, pending further validation in larger studies.

Clinical trial registration: https://clinicaltrials.gov, identifier NCT06362772.
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1 Introduction

Thyroid cancer is the most common malignant tumor of the
endocrine system, with incidence and mortality increasing steadily
over the past four decades (1). As of 2022, thyroid cancer became
the third most common malignancy in China, after lung and
colorectal cancers (2). Differentiated thyroid carcinomas (DTCs),
including papillary and follicular thyroid carcinomas (PTC and
FTC), account for approximately 90% of thyroid cancers (3). Most
DTCs can achieve remission through surgery, radioiodine (**'I)
therapy, and thyroid-stimulating hormone suppression therapy.
However, metastatic disease occurs in 5-10% of DTC cases, and
around two-thirds of these metastases eventually become
radioiodine-refractory (4). Patients with radioiodine-refractory
DTC (RAIR-DTC) often exhibit rapid tumor progression and
poor prognosis, with a 10-year survival rate of less than 10%.
Currently, effective therapeutic options for this patient population
are very limited.

Angiogenesis plays a critical role in the progression and
metastasis of thyroid cancer. Overexpression of vascular
endothelial growth factor (VEGF) and its receptors has been
observed in thyroid cancer cells, promoting tumor growth and
neovascularization (5). Multikinase inhibitors (MKIs) such as
sorafenib and lenvatinib have been approved for treating RAIR-
DTC, demonstrating improved progression-free survival (PFS).
However, challenges including drug resistance, adverse side
effects, and limited patient eligibility persist. Anlotinib, a novel
oral MKI, inhibits multiple targets including VEGFR, PDGFR,
FGFR, c-Kit, and RET (6), and it offers the advantage of milder
adverse reactions compared to other tyrosine kinase inhibitors
(TKIs). Anlotinib has shown favorable efficacy and safety in
treating recurrent or metastatic RAIR-DTC and has been
approved in China for progressive RAIR-DTC (7). Nevertheless,
in clinical practice we have found that anlotinib has limited efficacy
in controlling large metastatic tumors, which has emerged as a new
challenge in the management of RAIR-DTC.

1251 seed implantation therapy, also known as '*°I
brachytherapy, involves implanting radioactive seeds that
continuously release low-dose y-rays, inducing DNA damage (e.g.,
hypomethylation) and radiation-induced tumor cell apoptosis (8).
The emitted y-rays have low penetrability— a 1 mm lead plate can
block over 99% of the radiation (9)—making this therapy relatively
safe for normal tissues adjacent to the tumor as well as for
healthcare providers during the implantation procedure.
Compared with conventional external-beam radiotherapy,
interstitial implantation of '*°I seeds directly into tumor tissue or
metastatic sites delivers a high radiation dose to the target area while
minimizing exposure to surrounding normal tissues. This approach
provides a highly efficient radiation dose distribution, favorable
radiobiological properties, reliable clinical efficacy, and minimal
damage to adjacent organs. Multiple studies have reported excellent
local tumor control achieved by '*°I seed implantation in RAIR-
DTC patients (10-13).

Combining anlotinib with radiotherapy has demonstrated high
efficacy, feasibility, and safety in other settings. For example, Shi
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etal. (14) reported that in a patient-derived xenograft mouse model
of esophageal cancer, the group treated with anlotinib plus
radiotherapy showed significantly greater tumor growth
inhibition than groups receiving control, radiotherapy alone, or
radiotherapy plus cisplatin. Moreover, the combination therapy did
not induce severe adverse reactions in the mice. Tang et al. (15)
described a case of postoperative recurrent retroperitoneal
liposarcoma treated with '*’I seed implantation combined with
anlotinib; a 3-year follow-up indicated stable disease control. Based
on these findings, we hypothesized that in RAIR-DTC patients,
combining '*’I seed brachytherapy with anlotinib targeted therapy
could achieve improved control of large local tumors while
simultaneously treating systemic disease.

To our knowledge, this study is the first report on the use of '*°I
seed implantation combined with anlotinib for RAIR-DTC. We
retrospectively collected clinical data for RAIR-DTC patients
treated at Jiangxi Cancer Hospital from January 2016 to February
2025. According to the treatment regimens received, patients were
divided into anlotinib-only treatment group (Group A), "*°I seed
implantation-only treatment group (Group B), and 1251 geed
brachytherapy combined with anlotinib group (Group C). We
analyzed and compared the efficacy and safety outcomes of the
three treatment approaches (Figure 1).

2 Materials and methods
2.1 Patient selection

Patients with RAIR-DTC who were treated at Jiangxi Cancer
Hospital between January 2016 and February 2025 were
retrospectively identified.

Inclusion criteria:

1. Meeting the diagnostic criteria for RAIR-DTC (according
to Chinese guidelines (16)): (@) all known lesions show no
significant radioiodine uptake; or (®) some lesions do
uptake iodine, but disease progression occurs after
1] treatment.

2. Presence of measurable lesions, with at least one tumor
lesion having a maximum diameter > 0.5 cm.

3. Expected survival time of more than 3 months.

4. Karnofsky Performance Status (KPS) score > 80.

Exclusion criteria:

1. Positive thyroglobulin antibody (TgAb) or thyroid-
stimulating hormone (TSH) > 0.5 mU/L at baseline.

2. Incomplete clinical data.

3. Poor compliance with treatment or inability to cooperate
with the seed implantation procedure.

4. Previous treatment with other MKIs such as lenvatinib
or sorafenib.

5. Severe cardiopulmonary dysfunction (e.g., FEV; < 30% of
predicted; or left ventricular ejection fraction < 35%).
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FIGURE 1
Flowchart of the study.

6. Severe coagulation disorders (platelet count < 20x10°/L or
prothrombin time ratio > 1.5).

7. Inability to tolerate the side effects of targeted therapy.

8. Expected survival time < 3 months.

A total of 52 patients met the criteria and were included. They
were categorized into the anlotinib-only group (Group A, n = 14),
the '#°I seed implantation-only group (Group B, n = 25), and the
combined '*° seed implantation plus anlotinib group (Group C, n
= 13), according to their treatment modality (see Figure 1). The
study was approved by the Ethics Committee of Jiangxi Cancer
Hospital. All patients were fully informed about their condition and
treatment options—including the expected efficacy and possible
adverse reactions of '*’I seed implantation, anlotinib targeted
therapy, the combination of both, as well as other treatments
such as external radiotherapy or chemotherapy—and each
provided written informed consent prior to treatment.

2.2 Materials and equipment

The treatment planning system (TPS) for seed implantation was
provided by Beijing Tianhang Kelinzhong Technology Co., Ltd. The
12°] seeds were provided by Beijing Atom High-Tech Biotechnology
Co., Ltd., with an activity of 2.22-2.96 x 107 Bq per seed. The
implantation needles were 18G puncture needles produced by
HAKKO Co., Japan. A fully automated Siemens (Germany)
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biochemical immunoassay analyzer was used to measure thyroid
function indicators. The following laboratory indices were
measured at baseline and at 2, 4, and 6 months post-treatment:
free triiodothyronine (FT;), free thyroxine (FT,), TSH,
thyroglobulin (Tg), and thyroglobulin antibody (TgAb).

2.3 Treatment methods

All patients received treatment and follow-up in the
Department of Nuclear Medicine at our hospital.

251 Seed Implantation: Before the procedure, patients
underwent evaluations including coagulation profile, liver and
kidney function tests, cardiopulmonary function assessment, and
imaging (CT) to plan the seed implantation. Physicians and
physicists jointly developed an individualized treatment plan. The
prescription dose for brachytherapy was 80-120 Gy. Specifically, for
patients who had received external-beam radiotherapy within the
past 6 months, a lower prescription dose of 80 Gy was chosen; for
those who had received external radiotherapy more than 6 months
prior or had a cumulative '*'T treatment dose exceeding 2.22 x 10'°
Bq, a dose of 100 Gy was used; and for all other patients, 120 Gy was
prescribed. '*°I seeds with appropriate radioactivity were selected
according to the location of metastatic lesions: for lesions near the
body surface, seeds with activity ~1.85 x 10" Bq were used; for bone
metastases, ~3.33 x 107 Bq; and for other internal lesions, ~2.22—
2.96 x 107 Bq. Under CT guidance, the seeds were implanted
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percutaneously according to the treatment plan. After implantation,
a CT scan of the treated area was performed to verify the dose
distribution. If any regions received insufficient dose, additional
seeds were implanted based on the verification results.

Anlotinib Treatment: Anlotinib was administered at 12 mg
orally, once daily on an empty stomach in the morning, for 14
consecutive days followed by a 7-day rest (21 days per cycle).
Treatment was continued in repeating cycles until disease
progression (PD) or intolerable toxicity. Dose reductions to 10
mg or 8 mg were permitted based on the patient’s tolerance and
observed side effects. If a patient experienced Grade 3 or 4 adverse
events (AEs), the dose was reduced according to guidelines (17),
and once reduced, the dose was not re-escalated. In the combination
treatment group (Group C), anlotinib therapy was initiated on the
same day that '*°I seed implantation was completed.

2.4 Data collection and efficacy evaluation

Clinical data collection: Baseline clinical characteristics were
recorded, including age, gender, body mass index (BMI),
histopathological type, surgical method (extent of thyroidectomy
and lymph node dissection), presence of bilateral tumors, presence
of extrathyroidal extension, type of tumor metastasis (sites
involved), pretreatment performance status (Eastern Cooperative
Oncology Group [ECOG] score and Karnofsky Performance Status
[KPS]), location of lesions, number of prior *'I therapies and
cumulative *'I dose, number of target lesions, and the number
and total activity of '*°I seeds implanted.

Follow-up: Patients were regularly followed at 2, 4, and 6
months after treatment, and every 6 months thereafter. Follow-up
assessments included documentation of anlotinib usage (ongoing or
any interruptions), evaluation of clinical symptoms, routine blood
cell counts, liver and kidney function tests, thyroid function tests
(FTs, FT,, TSH, Tg, TgAb), and imaging to assess tumor size.
Tumor volumes were calculated from CT images by measuring the
three maximum perpendicular diameters of the target lesion: the
anteroposterior (a), craniocaudal (b), and transverse (c) diameters.
Volume was calculated as V=1 x a x b x ¢/6. The volume reduction
rate (VRR) was defined as ((original volume - current volume)/
original volume) x 100%.

Efficacy evaluation: Tumor size changes were assessed by
comparing the maximum lesion diameters (or the short axis for
lymph node metastases) and tumor volumes before and after
treatment. Serum Tg and TgAb levels were tracked as serological
indicators of response to therapy. Pain intensity (for those with
bone metastasis-related pain) was measured using the Numerical
Rating Scale (NRS) before and after treatment. Treatment-related
adverse events (such as pneumothorax, hemorrhage, hypertension,
etc.) were recorded in detail and graded according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 (18).

Tumor response criteria: Tumor response was determined
according to Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 (19).
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» Complete response (CR): Disappearance of all target lesions
(and any pathological lymph nodes reduced to < 10 mm
short axis), sustained for at least 4 weeks.

« Partial response (PR): At least a 30% decrease in the sum of
diameters of target lesions from baseline, sustained for >
4 weeks.

o Progressive disease (PD): At least a 20% increase in the sum
of diameters of target lesions (taking the smallest sum on
study as reference) or the appearance of new lesions,
sustained for > 4 weeks.

« Stable disease (SD): Neither sufficient shrinkage to qualify for
PR nor sufficient increase to qualify for PD, with stability
maintained for > 4 weeks.

From these, the objective response rate (ORR) was calculated as
(CR + PR)/total cases x 100%, and the disease control rate (DCR) as
(CR + PR + SD)/total cases x 100%.

Endpoints: The primary endpoint of the study was local
progression-free survival (LPFS), defined as the time from the
start of treatment to the first occurrence of disease progression
(local progression) or death from any cause. Secondary endpoints
included overall survival (OS), defined as the time from the start of
treatment to death or last follow-up.

2.5 Statistical analysis

Statistical analyses were performed using SPSS version 27.0.
Continuous data conforming to a normal distribution were
expressed as mean * standard deviation (X + s) and compared
among the three groups using one-way analysis of variance
(ANOVA). Continuous data with a non-normal distribution were
expressed as median (Ps, P75) and compared using the Kruskal-
Wallis test. Categorical data were described as counts and
percentages n (%). For between-group comparisons of categorical
data, if the expected frequency in any cell was < 5 (for unordered
categories), Fisher’s exact test was used; for ordered categorical data
with frequency < 5, the Kruskal-Wallis test was applied. For within-
group comparisons before vs. after treatment: for > 3 time points of
non-normally distributed data, the Friedman test was used; for
paired two-time-point comparisons, the Wilcoxon signed-rank test
was employed. Survival curves were generated using the Kaplan-
Meier method, and differences between groups were evaluated by
the log-rank test. A two-sided p < 0.05 was considered
statistically significant.

3 Results
3.1 Baseline assessment
The median follow-up duration for the 52 patients was 25.5

months (range, 6-88 months), ending on February 28, 2025. Group
A consisted of 14 patients who received anlotinib only, Group B
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included 25 patients who underwent '*I seed implantation only,
and Group C included 13 patients who received the combination of
12°] seed implantation and anlotinib. The three groups were similar
in their baseline demographic and clinical characteristics, including
age, gender, BMI, ECOG score, KPS score, histological subtype
(PTC vs. FTC), surgical treatment method, presence of bilateral
tumors, presence of extrathyroidal extension, sites of metastasis,
and oncogene mutation status; none of these showed a significant
difference across groups (all p > 0.05) (Table 1). In total, 2,795 of the
12°T seeds were implanted among patients in Groups B and C. The
median number of seeds implanted was 56 (interquartile range
[IQR]: 40-108) in Group B and 40 (IQR: 15-77.5) in Group C, and
this difference was not statistically significant (p = 0.26) (Table 1).

3.2 Efficacy and adverse reactions

Tumor response: At 6 months after treatment, the combination
therapy (Group C) produced a significantly higher objective response
rate and disease control rate compared to the monotherapy groups.
Specifically, 77% of Group C patients achieved an objective response
(CR or PR) by 6 months, versus 21% in Group A and 32% in Group B
(p < 0.05 for both ORR and DCR differences among groups). By 12
months after treatment, however, no statistically significant
differences in ORR or DCR were observed among the three
groups (Table 2).

Tumor size and volume reduction: There were no significant
differences in tumor size among the three groups at baseline. All
groups showed a reduction in tumor size at 6 months and 12 months
post-treatment. At the 6-month evaluation, Group C had a greater
median tumor volume reduction than Groups A or B, and the
intergroup difference in tumor volume was statistically significant
at that time point (p = 0.011). Although Group C’s median tumor
volume remained lower than those of the other groups at 12 months,
the differences at 12 months were not significant (p = 0.227). A
similar pattern was seen in volume reduction rate (VRR): Group C
demonstrated a markedly higher median VRR at 6 months compared
to the other groups (p = 0.026), but by 12 months the VRR differences
were no longer significant (p = 0.716). These findings suggest that the
combined therapy yielded a more pronounced tumor reduction
within the first six months of treatment, and while it continued to
be effective at one year, the gap in efficacy between the combination
and monotherapies narrowed over time.

Serum thyroglobulin levels: Baseline serum Tg levels were not
significantly different across Groups A, B, and C (p = 0.104). By 2, 4,
and 6 months after treatment, Tg levels had declined significantly
from baseline in all three groups. Intergroup comparisons showed
that Group C had significantly greater Tg reductions at those time
points (2, 4, and 6 months) compared to the other groups (p < 0.05
at each of these time points). At 12 months after treatment, serum
Tg in Group C had risen slightly (though still below baseline), and
there were no significant differences in Tg levels among the groups
at the 12-month mark (p = 0.542).

Pain scores: Many patients in Group A had no bone metastases
and therefore no pain at baseline. In Groups B and C (which
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included patients with bone metastases), cancer-related pain
improved substantially following treatment. NRS pain scores in
both Group B and Group C decreased significantly after therapy
compared to baseline (within-group p < 0.001 for both), reflecting
effective pain palliation. At baseline, Group C had higher pain
scores on average than Group B (since more Group C patients had
painful bone lesions), and even at 6 months post-treatment, the
median pain score in Group C remained slightly higher than in
Group B (though both were much improved from baseline), with
this difference being statistically significant (p < 0.01). Importantly,
no new or unexpected pain symptoms were introduced by any of
the treatments (apart from transient mild hand-foot skin reactions
in some patients on anlotinib).

Adverse events: Treatment-related adverse reactions in all three
groups were generally mild and manageable. The observed adverse
events included radiation pneumonitis, hypoproteinemia, diarrhea,
and myelosuppression, most of which were Grade 1-2 in severity.
Two patients in Group A experienced notable events: one had
Grade 3 diarrhea and another had severe hypocalcemia; both cases
were managed with prompt intervention (including temporary drug
discontinuation and appropriate supportive care), and the patients
recovered without serious sequelae. There were no treatment-
related deaths. The incidence of adverse events did not differ
significantly among Groups A, B, and C (p = 0.98 for overall
comparison; see Table 3 for details). No patient in Group C had to
discontinue the combination therapy due to adverse effects, and any
serious AEs that occurred were effectively managed. Overall, adding
123] brachytherapy to anlotinib did not appear to exacerbate toxicity
compared to anlotinib alone.

3.3 LPFS and OS

As of February 2025, the mean local progression-free survival was
18.64 months in Group A, 18.68 months in Group B, and 42.23
months in Group C. The Kaplan-Meier survival curves for LPFS
demonstrated a significant prolongation of LPFS in the combination
group (Group C) compared to the monotherapy groups (p = 0.023,
Figure 2). The mean overall survival was 22.21 months in Group A,
22.40 months in Group B, and 43.15 months in Group C. Although
Group C showed a numerically longer OS than Groups A and B, this
difference was not statistically significant by Kaplan—Meier analysis (p
= 0.425, Figure 3). These results indicate that, compared with single-
agent treatment, the combination of '*°I brachytherapy and anlotinib
significantly extended local PES but did not significantly improve OS
within the observed follow-up period.

During follow-up, we also examined causes of death and
patterns of disease progression in each group. In Group A, a total
of 3 patients died: 2 deaths were due to severe influenza A infection
and 1 was due to distant disease progression. In Group B, 1 patient
died from a severe pulmonary infection. In Group C, 2 patients
died: one due to cardiac tamponade (attributed to tumor
involvement) and the other due to local tumor progression.
Notably, none of the deaths in any group were caused by
treatment-related adverse reactions.
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TABLE 1 Patients’ characteristics.

Characteristics P-value
Gender 0.529
Male 7 (50%) 8 (32%) 4 (31%)
Female 7 (50%) 17 (68%) 9 (69%)
‘ Age ‘ ‘ 0.342
Median 52.79 + 17.27 60.60 + 15.07 57.85 + 15.61
‘ BMI ‘ ‘ 0.138
Median 2137 +2.34 22.74 + 3.44 20.71 + 3.16
‘ KPS ‘ ‘ 0.410
Median 90 (90,90) 90 (90,90) 90 (85,90)
‘ ECOG ‘ ‘ 0.589
0 10 (71%) 21 (84%) 11 (85%)
1 4 (29%) 4 (16%) 2 (15%)
‘ Pathology ‘ ‘ 0.195
PTC 11 (79%) 12 (48%) 7 (54%)
FTC 3 (21%) 13 (52%) 6 (46%)
‘ Surgical methods ‘ ‘ 0.054
NTT 2 (14%) 1 (4%) 1 (8%)
TT 1 (7%) 12 (48%) 6 (46%)
TT + BCLND+LND 11 (77%) 12 (48%) 6 (48%)
‘ Bilateral tumors ‘ ‘ 0.152
Yes 7 (50%) 8 (32%) 2 (15%)
No 7 (50%) 17 (68%) 11 (85%)
‘ Extrathyroidal extension ‘ ‘ 0.651
Yes 4 (29%) 8 (32%) 6 (46%)
No 10 (71%) 17 (68%) 7 (54%)
‘ Metastasis ‘ ‘ 0.234
Lymph node only 4 (29%) 4 (16%) 2 (15%)
Lung only 7 (50%) 6 (24%) 5 (39%)
Bone only 0 (0%) 8 (32%) 2 (15%)
Lung and Bone 3 (21%) 7 (28%) 4 (31%)
Mutations 0.453
Negative 6 (43%) 14 (56%) 3 (23%)
BRAF V600E alone 5 (36%) 7 (28%) 4 (31%)
TERT mutation alone 2 (14%) 3 (12%) 4 (31%)
BRAF+TERT mutations 1 (7%) 1 (4%) 2 (15%)

BMI stands for Body Mass Index; ECOG stands for Eastern Cooperative Oncology Group Performance Status; KPS stands for Karnofsky Performance Status;PTC stands for Papillary Thyroid
Carcinoma;FTC stands for Follicular Thyroid Carcinoma;NTT stands for Near-total Thyroidectomy; TT stands for Total Thyroidectomy; BCLND stands for Bilateral Central Lymph Node
Dissection; LND stands for Lateral Lymph Node Dissection.
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TABLE 2 Efficacy analysis of treatment at different time points before and after treatment.

Follow-up time

P-value

10.3389/fendo.2025.1587412

6 months after treatment 0.006
Group A (N=14) 0 (0%) 3 (22%) 10 (71%) 1 (7%) 21% (3/14) 93% (13/14)
Group B (N=25) 0 (0%) 8 (32%) 17 (68%) 0 (0%) 32% (8/25) 100% (25/25)
Group C (N=13) 0 (0%) 10 (77%) 3 (23%) 0 (0%) 77% (10/13) 100% (13/13)
12 months after treatment 0.096
Group A (N=9) 1 (12%) 2 (22%) 4 (44%) 2 (22%) 33% (3/9) 78% (719)
Group B (N=18) 4 (22%) 6 (33%) 7 (39%) 1 (6%) 56% (10/18) 94% (17/18)
Group C (N=13) 4 (30%) 7 (54%) 1 (8%) 1 (8%) 85% (11/13) 92% (12/13)

Data are shown as n (%) ORR = (CR + PR)/total DCR = (CR + PR + SD)/total. CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease; ORR, objective

response rate.

Bold values denote p-values derived from the Kruskal-Wallis test for comparing intergroup differences, with p< 0.05 indicating statistical significance.

TABLE 3 Comparison of changes in related indicators before and after treatment.

Tumor size
Before treatment 10.54 (11.94,60.56) 78.73 (44.20,141.31) 34.99 (18.13,164.52) 0.540
After 6 months of treatment 5.06 (7.97,22.28) 38.99 (10.78,90.37) 16.21 (4.38,25.69) 0.011
After 12 months of treatment 2.24 (2.03,38.86) 23.00 (1.21,89.94) 3.68 (0.00,20.78) 0.227
p-value 0.009 <0.001 <0.001
VR ()
After 6 months of treatment 37.07 (7.45,70.63) 21.52 (14.38,45.79) 78.85 (55.90,91.81) 0.026
After 12 months of treatment 42.04 (0.29,89.27) 48.15 (18.75,98.53) 90.57 (78.57,99.94) 0.716
‘ Serum Tg level
Before treatment 206.20 (23.02,418.20) 305.40 (86.63,4079.00) 827.30 (157.97,5408.25) 0.104
After 2 months of treatment 38.27 (5.46,92.61) 246.70 (25.78,1588.00) 552.20 (51.22,3598.00) 0.033
After 4 months of treatment 28.17 (5.88,103.83) 267.60 (21.35,2130.90) 86.18 (31.09,181.25) 0.040
After 6 months of treatment 32.59 (2.15,125.49) 260.70 (19.59,2186.88) 56.25 (11.62,128.90) 0.022
After 12 months of treatment 25.29 (2.32,132.21) 100.00 (5.77,226.30) 239.00 (24.08,429.40) 0.542
p-value 0.108 <0.001 <0.001
‘ NRS pain scores
Before treatment 0.00 (0.00,0.00) 2.00 (0.00,4.00) 4.00 (2.25,5.75) <0.001
After 6 months of treatment 0.00 (0.00,0.00) 1.00 (0.00, 1.00) 2.00 (1.25,2.75) <0.001
0.317 <0.001 0.004
‘ Adverse events (CTCAE 5.0) 0.976
0 9 (64.28%) 13 (52.00%) 7 (53.85%)
1 2 (14.29%) 10 (40.00%) 5 (38.46%)
2 1 (7.14%) 2 (8.00%) 1 (7.69%)
3 2 (14.29%) 0 (0%) 0 (0%)
VRR, Volume Reduction Rate; NRS, Numerical Rating Scale.
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Kaplan—Meier curves for LPFS in the three groups of patients.

4 Discussion

Advanced RAIR-DTC poses a major therapeutic challenge,
especially for patients with symptomatic, rapidly progressing,
locally advanced or widely metastatic disease that is not amenable
to surgery. Systemic targeted therapies can significantly improve
clinical outcomes in RAIR-DTC (20), and TKIs in particular have
become the standard of care for progressive disease (1, 21).
Meanwhile, '*I seed brachytherapy has emerged as a preferred
modality for local tumor control due to its excellent local efficacy,
minimally invasive nature, and favorable safety profile (22). In this
study, we explored a combined modality treatment aimed at
maximizing tumor control by addressing both systemic disease
(with anlotinib) and local tumor burden (with *°I brachytherapy).

Our results demonstrate that combining '*°I seed implantation
with anlotinib can achieve superior short-term tumor control
compared to either treatment alone. The combination therapy
group (Group C) had significantly higher tumor response rates at
6 months and markedly prolonged local PFS relative to the other
groups. At the 6-month evaluation, 77% of Group C patients
showed objective tumor regression (CR or PR) (Figure 4), a
response rate much higher than that achieved by anlotinib alone
(21%) or brachytherapy alone (32%). Furthermore, we observed
instances in the combination group of untreated metastatic lesions
(for example, lung nodules that were not implanted with seeds)
shrinking or even disappearing during therapy (Figure 5). Prior
studies have reported the effectiveness of each component
individually — for example, Chen et al. (23) achieved symptom
relief in 6 of 9 patients by using '*’I seed implantation for bone
metastases from thyroid cancer, and Huang et al. (24) observed an
ORR of 76.9% with anlotinib monotherapy in advanced thyroid
cancer. Our study builds on these findings by showing that the
combination of anlotinib and '?°I brachytherapy can further
improve outcomes beyond what either modality achieves alone.

Frontiers in Endocrinology

These findings suggest a synergistic effect, whereby the two
modalities together produce greater tumor shrinkage than either
could alone. The possible mechanisms of synergy are as follows: '*°I
seeds emit continuous low-energy X-rays and y-rays that induce
DNA damage in tumor cells, leading to G,/M cell-cycle arrest,
mitotic inhibition, and apoptosis. This greatly reduces tumor cell
proliferation, invasiveness, and metastatic potential (22), thereby
enhancing the efficacy of anlotinib in controlling the disease (25).
Meanwhile, brachytherapy can increase the sensitivity of residual
tumor cells to systemic therapies (26). It also inhibits tumor
angiogenesis by downregulating HIF-10. and VEGF expression
(27), exerting an additive anti-angiogenic effect that complements
anlotinib’s inhibition of VEGF/VEGFR pathways.

The improved local control with combination therapy was
clearly reflected in the LPFS outcomes. Group C’s median LPES
(~42 months) was more than double that of the monotherapy
groups (~18.6 months). This indicates that adding brachytherapy to
systemic treatment can substantially delay local progression of
disease. From a clinical perspective, prolonging LPFS is
meaningful as it can translate into longer periods of symptom
relief and a reduced need for palliative interventions at sites of
bulky disease.

However, it is noteworthy that the combination did not
significantly prolong OS in our cohort. This is likely due to the
relatively short follow-up duration and the fact that once the disease
progresses systemically, patients may receive other salvage
treatments which can even out survival across groups. It is also
possible that a true OS benefit from the combination might emerge
with longer observation; indeed, we observed a numerical advantage
in median OS for Group C (43.1 months) versus the others (~22.3
months), although this difference did not reach statistical
significance in our sample. Larger studies with extended follow-
up will be needed to determine whether the combination confers a
real OS benefit.
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Despite the clear early benefits, our data also show that by one
year post-treatment, the differences between the combination and
monotherapy groups had diminished in terms of ORR, tumor
volume reduction, and Tg levels. Additionally, as mentioned,
there was no significant improvement in long-term OS with the
combined approach. These observations underscore that RAIR-
DTC remains fundamentally a systemic disease problem—while
local control was improved, the overall disease course (including the
eventual development of new distant metastases or drug resistance)
still limited patient survival.

Therefore, the combined modality should be viewed as a means
to achieve better disease control and extend the duration of local
remission, rather than a definitive cure. It provides patients a longer
period with their disease under control locally, which is valuable for
symptom management and quality of life, but ultimately the impact
on survival may be limited unless systemic disease control can be
further improved with additional or subsequent therapies.

An important goal in treating advanced thyroid cancer is to
improve patient symptoms and quality of life. Bone metastases from

60

0S (Month

thyroid cancer often cause severe pain and skeletal complications.
The continuous low-dose radiation from '*°I seeds not only kills
tumor cells and reduces their compression of surrounding nerves or
organs, but also inhibits the release of pain-inducing factors by tumor
cells (28). Consistent with previous studies (29-31), we found that
1251 seed brachytherapy was highly effective for pain palliation. Most
patients with bone pain in our study reported immediate or early
relief after seed implantation. Both Group B and Group C showed
significant reductions in NRS pain scores following treatment,
reflecting improved patient comfort and daily functionality. In
some cases, the pain relief was dramatic—patients who were
opioid-dependent at baseline became free of pain medication after
brachytherapy, and many were pain-free on subsequent follow-ups.

It is worth mentioning that effective pain control can indirectly
allow patients to remain more active and maintain a better
performance status, thereby enabling them to tolerate systemic
therapy for longer durations. In this sense, the combination of
anlotinib with local therapy contributed to quality-of-life
improvements by both reducing tumor burden and alleviating

FIGURE 4

Comparison of images before and after treatment with anlotinib combined with 125 seed implantation in a patient with iodine-refractory follicular
thyroid carcinoma. The patient had been taking anlotinib as prescribed since July 2020. A total of 77 seeds were implanted in two sessions during
this period. (A) shows the maximum cross-sectional CT image of the lesion before treatment (the arrow indicates the lesion), and (B) shows the
corresponding CT image after treatment. A significant reduction in the lesion size can be seen.
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FIGURE 5

Comparison of images before and after treatment with anlotinib combined with %I seed implantation in a patient with refractory follicular thyroid
carcinoma. The patient had been taking anlotinib since March 2022. (A-C) show the CT images of both lungs before treatment (arrows indicate the
lesions), and (D-F) show the corresponding CT images after treatment. A significant reduction in the number and size of pulmonary metastatic

lesions is evident.

cancer-related symptoms. (Patients in Group A mostly had no pain
at baseline due to differences in metastatic sites, so direct
comparison of pain outcomes between Group A and the other
groups is limited.) Importantly, none of the treatment regimens in
our study introduced new chronic pain issues (aside from transient
hand-foot skin reaction discomfort in some patients on anlotinib),
indicating that the therapies did not adversely affect pain status.

The safety profile observed with the combined anlotinib and
'2°T seed therapy was favorable. The types of adverse reactions were
similar to those seen with each treatment independently, and most
were low grade. The majority of patients in all groups experienced
only Grade 1-2 side effects, which were manageable with standard
supportive care. This suggests that '*I seed implantation can be
added to systemic therapy without introducing significant
overlapping toxicities, likely because one modality acts locally and
the other systemically.

Comparing our safety findings to the literature, previous studies
of anlotinib monotherapy in thyroid cancer reported substantial
rates of hypertension, hand-foot syndrome, and other TKI-
associated AEs (21). In our cohort, the incidence of these AEs in
the combination group (Group C) was not higher than in the
anlotinib-only group (Group A). No patients discontinued the
combined therapy due to adverse effects, all serious AEs that did

Frontiers in Endocrinology

occur were effectively managed with appropriate interventions, and
patients recovered without permanent harm. We observed no
treatment-related deaths and no late complications attributable to
brachytherapy during the follow-up period. These results reinforce
that the combination approach is well tolerated. This is crucial
because RAIR-DTC patients have limited treatment options; a
combined therapy would only be viable in practice if it does not
compromise safety or quality of life. Our study provides evidence
that the anlotinib + '*°I seed regimen meets this requirement, with
toxicity that is mild and comparable to monotherapy.

It is also worth noting that the absence of severe high-grade
toxicities in our series may be partly due to careful patient
monitoring and proactive management. For example, regular
laboratory tests allowed early detection of issues such as liver
enzyme elevations or cytopenias, and prompt interventions
prevented these from progressing to higher-grade events. Blood
pressure was closely monitored and controlled to mitigate Grade 3
hypertension. By adhering to dose modification guidelines, we
minimized the risk of serious adverse outcomes. These measures
underscore that strict monitoring and comprehensive supportive
care are integral to safely combining these treatments.

One interesting observation from our study relates to metabolic
tumor activity. In some Group C patients who underwent '*F-FDG
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PET/CT imaging, we documented a significant decrease in
metabolic activity (FDG uptake) in tumor lesions after the
combined therapy. This suggests that beyond anatomical tumor
shrinkage, the combination therapy may also induce functional
changes in tumors, potentially reflecting reduced tumor viability or
altered tumor biology. We did not systematically include PET

10.3389/fendo.2025.1587412

response as an endpoint (because not all patients had PET/CT
scans), but these anecdotal findings hint at an additional dimension
of treatment effect. Figure 6 illustrates one such case: the PET/CT
images before and after treatment show marked reductions in both
tumor size and metabolic activity in a refractory thyroid carcinoma
patient treated with anlotinib plus '*’I seeds. This raises the

FIGURE 6

Comparison of imaging before and after treatment with anlotinib combined with 125] seed implantation in a patient with refractory papillary thyroid
carcinoma. The patient had been on anlotinib since March 2021, and a total of 140 seeds were implanted. (A—D) show the pre-treatment CT and
PET-CT images of the lesion (cross-sectional views), and (E=H) show the corresponding post-treatment CT and PET-CT images. The lesion has

significantly shrunk, and its metabolic activity has markedly decreased.
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possibility that metabolic response might precede anatomic
response and could serve as an early indicator of treatment
effectiveness. Future studies might incorporate PET-based
metabolic response criteria as an additional outcome measure to
further quantify tumor response to the combined modality therapy.

This study has several limitations. First, it was a retrospective
analysis with a relatively small sample size, especially for the
combination therapy group (only 13 patients). The non-
randomized design and modest cohort size may introduce
selection bias and limit the statistical power to detect certain
differences between groups. Second, the follow-up duration
(median ~25.5 months) may be insufficient to fully assess long-
term outcomes such as 5-year survival or late safety events. RAIR-
DTC can be indolent in some patients, and longer follow-up will be
needed to determine if the early benefits of combination therapy
translate into extended survival or durable disease control. Third,
due to the retrospective design, some data—such as detailed
patient-reported quality of life measures—were not collected
systematically; our analysis of symptom outcomes like pain relied
on clinical records rather than standardized questionnaires.

There are also technical considerations with '*°I seed therapy
that impose limitations. Brachytherapy is most suitable for tumors
in locations accessible to percutaneous needle implantation; lesions
in certain anatomical sites (for example, deep mediastinal lymph
nodes adjacent to the heart or great vessels) may not be feasible to
treat with seeds. In our series, patients with disease in such difficult-
to-access locations were underrepresented, so our results apply
primarily to those with implantable lesions. Additionally, factors
such as non-uniform seed distribution, radiation attenuation by
dense tissues (e.g., bones), and patient-specific anatomy can affect
the efficacy of brachytherapy. Despite careful pre-planning, some
patients might receive suboptimal dosing if seeds cannot be ideally
placed—for instance, tumors that move with respiration in the
lungs or mediastinum can pose a challenge for accurate
implantation. These factors may lead to variability in
brachytherapy outcomes and should be considered when selecting
patients for this approach.

5 Conclusion

For patients with advanced RAIR-DTC, '*I seed implantation
combined with anlotinib targeted therapy offers a promising
treatment option. Our study suggests that this combined modality
can effectively control both local and systemic aspects of the disease:
it achieved greater tumor shrinkage, higher response rates, and
significantly prolonged local progression-free survival compared to
either modality alone, while maintaining a favorable safety profile.
Patients receiving the combination therapy experienced relief of
tumor-related symptoms (such as bone pain) and improvements in
quality of life, with adverse reactions that were few, mostly mild,
and manageable. Therefore, anlotinib plus '*’I brachytherapy may
be considered as a therapeutic strategy for RAIR-DTC, especially in
cases with bulky or inoperable lesions that are resistant
to radioiodine.
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