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Abstract

Background: The poor prognosis of anaplastic thyroid cancer (ATC) patients is associated with limited effective therap®
strategies. Multiple antiangiogenesis tyrosine kinase inhibitors (TKIs) have been applied in later-line treatment of ATC; however,
the results reported in clinical trials were controversial. In this study, we reconstructed the patient-level data to pooled-analyze the
survival data, responses, and adverse events.

Methods: Online databases (PubMed, Web of Science, Embase, and Cochrane CENTRAL) were searched on September
03, 2023. R software combined with the “metaSurvival” and “meta” packages were used to reconstruct the survival curves
and summarize the response rates. The primary endpoints were progression-free survival (PFS) and overall survival (OS). The
secondary endpoints were survival rate, objective response rate (ORR), disease control rate (DCR), and treatment-related adverse
events.

Results: Six prospective clinical trials involving 140 ATC patients were enrolled. Four types of TKis (imatinib, pazopanib, sorafenib,
and lenvatinib) were included. When advanced ATC patients were treated with the TKils, the median OS was 4.8 months and
the median PFS was 2.6 months. The pooled ORR and DCR were 9% and 53%. Hypertension, decreased appetite, rash, and
lymphopenia were the most common grade > 3 treatment-related adverse events.

Conclusion: Mono-anitangiogenesis TKI therapy showed limited improvements in treating advanced ATC patients. Combining
antiangiogenesis TKI therapy with chemotherapy, radiotherapy, or immunotherapy could be the direction of future studies.
Abbreviations: ATC = anaplastic thyroid cancer, DCR = disease control rate, NGS = next-generation sequencing, ORR =
objective response rate, OS = overall survival, PFS = progression-free survival, TKI = tyrosine kinase inhibitor.
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1. Introduction

Notably, anaplastic thyroid cancer (ATC) is a type of aggres-
sive malignant solid tumor with an extremely poor prognosis.
Front-line therapeutic strategies include surgery, radiotherapy,
and chemotherapy (anthracyclines, taxanes, and platinum com-
pounds).l'l However, survival time remains critically short due
to the rapid disease progression. How to prolong the survival of
patients with advanced ATC becomes an emergency issue, even
if the incidence rate is low.
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Numerous efforts, like in vitro and in vivo studies, have
greatly contributed to the treatment of ATC. Disrupting or
cutting MAPK, PI3K/AKT/mTOR, JAK/STAT3/NF-kB, RAF-
MEK-ERK, and Wnt/B-catenin signaling pathways could be
the main directions of targeted therapy for ATC.>l Almost
all the basic research exhibited promising data on suppressing
the proliferation and invasion of ATC cells and showed readers
potentially novel therapeutic strategies for patients with ATC.
However, before these ideas can be applied in clinical practice,
there is a long way to go.
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Multiple tyrosine kinase inhibitors (TKIs) have been applied
to advanced ATC patients to elevate survival and response rates.
For instance, BRAF/MEK inhibitors,”$! NTRK inhibitors,”’ RET
inhibitors,["” mTOR inhibitors,!'! antiangiogenesis TKIs,!"?! and
CDK 4/6 inhibitors.!"*! Among these TKIs, antiangiogenic drugs
(e.g., sorafenib, lenvatinib, regorafenib, imatinib, cabozantinib,
donafenib, and apatinib) were most widely administrated.
Nevertheless, the benefits of antiangiogenesis TKIs for advanced
ATC patients remain controversial.

Although we have reviewed and shown the benefits of TKIs in
real-world clinical practice,!'* it is necessary for us to collect the
efficacy and safety data published in prospective clinical trials
and reconstruct the survival outcomes to comprehensively dis-
play the application of antiangiogenesis TKIs in advanced ATC
patients.

2. Methods

This study was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guideline.!"’! Since the data used in the analysis were based on
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published clinical studies with ethical approvals and not origi-
nal raw data, ethical approval for this analysis was unnecessary.

2.1. Literature search

A systematic literature search was performed to identify prospec-
tive clinical studies eligible for pooled analysis. This search was
conducted in PubMed, Web of Science, Embase, and Cochrane
CENTRAL databases on September 3, 2023. The search terms
included “anaplastic thyroid cancer or anaplastic thyroid carci-
noma,” “tyrosine kinase inhibitor or sorafenib or lenvatinib or
regorafenib or imatinib or cabozantinib or donafenib or apati-
nib,” and “trial or study.”

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: advanced ATC patients;
patients receiving antiangiogenesis TKI treatment; available effi-
cacy and safety data; prospective clinical studies published in
English. Meeting abstracts and case reports were excluded.

| 1171 Records identified

|391 Duplicate records excluded

780 Records screened

|589 Irrelevant records excluded

191 Full-text articles assessed for eligibility |

185 Full-text articles excluded

95 Basic researches
42 Reviews/Letters
18 Meeting abstracts
17 Retrospective studies
10 Case reports
1 Guideline
1 Registered trial
1 Non-English study

6 Articles included

Figure 1. Flowchart of the searching and selecting process.

Basic characteristics of enrolled clinical trials.

First author Period Design No. patients Median age (range) Drug Dose Median PFS Median 0S
Huan T. Hal'®! 2004-2007  Phase 2 trial 11 65 (53-79) Imatinib ~ 400mg orally \ \
twice daily
Keith C. Bible!' 2008-2011  Multi-center single-arm 16 66 (45-77) Pazopanib 800 mg orally 62d 111d
phase 2 trial once daily
Panayiotis 2005-2011  Multi-center phase 2 trial 20 59 (28-79) Sorafenib  400mg orally 1.9 mo (1.3-3.6) 3.9mo (2.2-7.1)
Sawvides!"®l twice daily
Makoto Tahara™®  2012-2015  Multi-center single-arm 17 65 Lenvatinib 24mgoraly 7.4 mo (1.7-12.9) 10.6 mo (3.8-19.8)
open-label phase 2 trial once daily
Lori J. Wirthi2 2016-2018  Multi-center open-label 34 \ Lenvatinib 24mgorally 2.6 mo (1.4-2.8) 3.2mo (2.8-8.2)
phase 2 trial once daily
Takuya 2016-2018  Multi-center single-arm 42 73 (39-89) Lenvatinib 24 mg orally \ \
Higashiyamal®"! open-label phase 2 trial once daily

\ = not available, mo = months, OS = overall survival, PFS = progression-free survival.
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Figure 2. Reconstructed overall survival (OS, A) and progression-free survival (PFS, B) curves.

Reconstructed survival rates of antiangiogenesis TKls in ATC
patients.

Survival rates (%) 0s PFS
3mo 62.46 40.38
6 mo 43.45 18.64
9 mo 32.71 16.30
12 mo 27.96 16.30
15 mo 26.24 8.15
18 mo 24.03 8.15
21 mo 22.45 8.15
24 mo 12.61 8.15

0S = overall survival, PFS = progression-free survival.

2.3. Data extraction

The detailed study design, number of patients, median age, ther-
apeutic strategies, survival outcomes, responses, and treatment-
related adverse events were collected. Kaplan—-Meier curves
were captured from the published papers and digitized using the
Scanlt software (version 2.0.8.0).

2.4. Risk assessment

Funnel plots and Egger tests were applied to evaluate the pub-
lication bias.

2.5. Statistical analysis

R software (version 4.2.2) was used to conduct the analyses.
Time-to-event data were reconstructed and analyzed by running
the “metaSurvival” package. Odds ratios (OR) for response
rates were calculated by running the “meta” package. A random-
effects model was executed to reduce the heterogeneity.

3. Results

In this study, we identified 1171 records. In the first step, 780
records remained after 391 duplicate records were excluded.
In the second step, 589 irrelevant records were excluded after
screening the titles and abstracts. In the third step, 95 basic
researches, 42 reviews/letters, 18 meeting abstracts, 17 retro-
spective studies, 10 case reports, 1 guideline, 1 registered trial,
and 1 non-English study failed to meet the inclusion criteria.
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Figure 3. Forest plots of the pooled objective response rate (ORR, A) and disease control rate (DCR, B).

Finally, 6 full-text prospective clinical studies!!*!! were eligible
for our analysis (Fig. 1).

All enrolled studies were phase 2 clinical trials involving
140 patients with advanced ATC. All enrolled patients were
advanced ATC patients, and the TNM stage of the patients at
the time of TKI therapy included 4A, 4B, and 4C. However,
only 2 trials reported the stage distribution of the study partic-
ipants. In addition, all of the eligible patients had received pre-
vious chemotherapy, radiotherapy, or surgery. In these studies,
patients received imatinib, pazopanib, sorafenib, and lenvatinib,
respectively. Detailed drug doses are displayed in Table 1. An
important issue was that 4 of the 6 trials were halted. The main
reasons comprised poor accrual, triggering the stopping rule,
and an unmet response threshold.

Based on published data, we reconstructed patient-level data
to exhibit the efficacy of TKIs in advanced ATC comprehen-
sively. The median overall survival (OS) was 4.8 months (95%
CI 2.74-8.84) (Fig. 2A), and 1 year OS rate was 27.96%. The
median progression-free survival (PFS) was 2.62 months (95 %

CI unavailable) (Fig.2B), and 1 year PFS rate was 16.30%.
Table 2 lists the detailed survival rates of TKIs in treating
patients with advanced ATC.

In Figure 3, forest plots showed that the objective response
rate (ORR) and disease control rate (DCR) of TKIs were 9%
(95% CI 2-17) and 53% (95% CI 21-84). Funnel plots and
Egger tests did not find any publication bias.

The top 6 grades > 3 treatment-related adverse events were
collected and displayed in Table 3. The most common grade > 3
treatment-related adverse events included hypertension,
decreased appetite, rash, and lymphopenia. In addition, pharyn-
golaryngeal pain, fatigue, and proteinuria deserve our attention
in clinical practice.

4. Discussion

In this reconstructed patient-level data analysis, TKIs showed a
2.6-month PFS and a 4.8-month OS in patients with advanced
ATC, with an ORR of 9% and a DCR of 53%. As for the
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Top 6 grade > 3 treatment-related adverse events.

Study Drug 1 2 3 4 5 6
Huan T. Hal'®l Imatinib  Lymphopenia Edema Anemia Nausea/vomiting Electrolyte abnormality Syncope
5/11 3/11 2/11 2/11 2/11 2/11
Keith C. Bible!'” Pazopanib Hypertension Pharyngo laryn-
2115 geal pain
2/15
Panayiotis Sawvides!'®  Sorafenib  Rash/desquamation Hyponatremia Hypophosphatemia
3/20 2/20 2/20
Makoto Taharal"? Lenvatinib  Hypertension Decreased Thrombocytopenia
517 appetite 317
317
Lori J. Wirtho Lenvatinib  Hypertension Asthenia Proteinuria Gamma-glutamyl transferase
8/34 3/34 2/34 increased
2/34
Takuya Higashiyama®  Lenvatinib Decreased appetite Fatigue Hypertension Proteinuria Dyspnea Aspiration
8/50 5/50 5/50 4/50 3/50 pneumonia
3/50

disappointing PFS and ORR results, whether ATC patients
may benefit from antiangiogenesis TKI therapy is warranted
to explore.

In patients with BRAF V600E-mutant, dabrafenib plus tra-
metinib achieved an excellent 56% ORR, with a median PFS of
6.7 months and a median OS of 14.5 months. Comparatively,
most ATC patients are insensitive to the antiangiogenesis TKI
treatment. Finding the accurate subgroup population who
could benefit from each drug should be one of the future tasks.
The next-generation sequencing (NGS) technique may help
clinicians classify ATC patients and compare the differences
between effective and ineffective patients who received TKIs.??!
Therefore, we encourage ATC patients to have an NGS detec-
tion at the beginning of disease diagnosis.

Combination therapy can be another therapeutic direction
for ATC patients. Combining antiangiogenesis TKI therapy with
chemotherapy, immunotherapy, or radiotherapy may further ele-
vate the response rates and prolong survival time. For example,
in the ATLEP trial,®! 27 ATC patients were treated with len-
vatinib plus pembrolizumab. The ORR and DCR were 51.9%
and 96.3%. And the median PFS and OS were 9.5 months and
10.25 months. Although 25.9% (7/27) of the ATC patients were
recorded to survive more than 2 years, an extremely short time
between median PFS and OS meant that patients died quickly
after disease progression. In a pilot study,?! 13 ATC patients
received tremelimumab plus durvalumab with stereotactic body
radiotherapy. However, only 1 patient had stable disease, and
the median OS was 14.5 weeks, indicating that dual immuno-
therapy plus radiotherapy failed to improve survival outcomes
and responses. In an in vivo and in vitro study,?"! lenvatinib plus
paclitaxel synergistically inhibited the proliferation of ATC cell
lines and xenografts compared to lenvatinib or paclitaxel mono-
therapy. Thus, targeted therapy combined with chemotherapy
may be a promising candidate therapeutic strategy for patients
with advanced ATC.

The tolerability of TKIs in ATC patients should be another
crucial challenge. For imatinib, the treatment was discon-
tinued in 1 patient due to disease progression (progres-
sive dysphagia).l'® For pazopanib, the discontinuation was
mainly attributed to disease progression (12 patients) and
treatment-related adverse events (hemorrhage [1 patient],
hypertension [1 patient], and radiation recall tracheitis [1
patient])."”! For lenvatinib, 15 patients discontinued due to
treatment-related adverse events (detailed adverse events were
unavailable).["9-21]

Several limitations existed in this study. Due to the rare inci-
dence of ATC, the number of patients enrolled in each trial was

limited, which might increase the bias of endpoints. All eligible
studies were single-arm phase 2 trials, whereas randomized clin-
ical trials may more effectively uncover the efficacy of TKIs in
ATC patients. Four types of TKIs were analyzed in our study,
and more data reported from other TKIs in future explorations
may help complement our results.

Imatinib, pazopanib, sorafenib, and lenvatinib therapy
did not show strong improvements in survival outcomes and
responses in advanced ATC patients. More efforts are needed to
break the bottleneck in treating ATC.
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