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Abstract

Background: Thymic epithelial tumors (TETs) are rare malignancies and the treatment options are limited. We aimed
to evaluate the efficacy and safety of apatinib, an angiogenesis inhibitor, in advanced TETs.

Methods: This was an open-label, single-arm, phase Il trial at three centers in China. Patients with TET who had pro-
gressed after failure of at least one line of platinum-based chemotherapy were enrolled. Patients received apatinib 500
mg orally per day. The primary endpoint was objective response rate (ORR). Secondary endpoints were progression-
free survival (PFS), overall survival (OS), disease control rate (DCR), and safety.

Results: From June 29, 2017, to April 18,2019, 25 patients were enrolled. At data cut off (September 30, 2021), one
patient achieved complete response, nine achieved partial response, and 11 achieved stable disease, with an ORR

of 40% (95% Cl 21-61%) and DCR of 84% (95% Cl| 64-95%). The median PFS was 9.0 (95% Cl 5.4-12.6) months. The
median OS was 24.0 (95% Cl 8.2-39.8) months. All patients reported treatment-related adverse events (TRAEs). Grade
3 TRAEs occurred 26 times in 15 patients. No grade 4 or 5 toxicities occurred.

Conclusions: This is the first trial of apatinib for the treatment of TETs. Apatinib showed promising antitumor activity

and the toxicities were tolerable and manageable.
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Background

Thymic epithelial tumors (TETs), consisting of thymoma
(T) and thymic carcinoma (TC), are rare malignancies
in adults. T typically induces a multitude of autoim-
mune diseases, whereas TC is usually more aggressive
and associated with distant metastases, resulting in a dis-
mal prognosis (5-year survival rate of 30-50% for stage
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IV patients) [1]. A report from the European Society of
Thoracic Surgeons (ESTS) prospective thymic database
showed that compared to ESTS retrospective database,
the prevalence of TCs has increased from 9 to 28% [2].
The prognosis was good for patients who were eligi-
ble for surgical resection. Our previous retrospective
study showed that the 5-year disease-free survival rate
and overall survival (OS) rate for TCs after resection
were 59.7% and 66.2%, respectively [3]. However, about
10-15% of patients eventually developed tumor recur-
rence, and even the World Health Organization (WHO)
type A T was reported to experience metastasis or recur-
rence [4, 5]. For unresectable or metastatic disease, the
systemic therapy is an important issue. Platinum-based

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-7039-4226
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-022-02361-w&domain=pdf

Song et al. BMC Medicine (2022) 20:154

combination chemotherapy exhibiting good response
and survival benefit is the standard regimen as first-line
therapy, and studies showed that there was no significant
difference in efficacy between first-line chemotherapy
regimens [6]." For patients who failed first-line chemo-
therapy, pemetrexed-based regimen, paclitaxel plus car-
boplatin, and docetaxel-based chemotherapy could only
achieve a median progression-free survival (PFS) of 3—4
months [6-8]. Until now, there are few available treat-
ment options after failure of platinum-based chemo-
therapy. The analysis of genetic variability for TETSs
showed no specific hotspot gene mutation, which might
explain the unideal results of targeted therapies for TETs
in a previous report [9]. Immunotherapy for TETs has
also showed moderate anti-tumor activity [10, 11], but
patients may have a very long duration of response if
they are sensitive to immunotherapy [12]. Nevertheless,
careful selection of patients and monitoring of immune-
related adverse events (AEs) with higher than expected
incidence are warranted.

Molecular aberrations in TETs and target treatment
approaches are always investigated. Studies have showed
that vascular endothelial growth factor (VEGF) and its
receptors (VEGFR-1, VEGFR-2, and VEGFR-3) are over-
expressed in high-risk TETs [13, 14], and there appears a
distinct association between VEGF and invasiveness [15].
Serum VEGF and basic fibroblast growth factor levels are
significantly high in patients with TETs [16]. A few phase
II trials have demonstrated that antiangiogenic treat-
ments (such as bevacizumab, sunitinib, regorafenib, and
lenvatinib) may have clinical benefits in TETs [17-20].
Several case reports suggested the activity of sorafenib in
TETs [21-24].

Apatinib, an oral angiogenesis inhibitor targeting
VEGEFR-2, has been approved for advanced hepatocel-
lular carcinoma and adenocarcinoma of the stomach or
gastroesophageal junction in China [25-27]. Two case
reports reported the anti-tumor activity of apatinib in
patients with advanced TC. Both patients presented par-
tial response (PR) [28, 29], suggesting that apatinib may
be an alternative treatment option for TETs after chemo-
therapy failure.

Based on these considerations, we conducted this
study to investigate the efficacy and safety of apatinib
in patients with TETs after failure of platinum-based
chemotherapy.

Methods

Study design and patients

This study was an open-label, single-arm, phase II trial
conducted at three centers (Zhejiang Cancer Hospi-
tal, The First Affiliated Hospital, College of Medicine,
Zhejiang University and The First Hospital of Jiaxing)
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in China. Patients were included if they were aged >18
years, had pathologically confirmed T or TC, had pro-
gressed after at least one line of systemic therapy with
platinum-based chemotherapy, had an Eastern Coop-
erative Oncology Group (ECOG) performance status of
0-2, had a life expectancy of at least 3 months, and had
an adequate hepatic and renal function. The key exclu-
sion criteria were previous exposure to targeted therapy
(including recombinant human endostatin, bevacizumab,
and single- or multi-target tyrosine kinase inhibitors),
active brain metastases, or other malignancies.

The study protocol (No. IRB-2017-13) was approved
by the institutional ethics committee of Zhejiang Can-
cer Hospital, the institutional ethics committee of The
First Affiliated Hospital, College of Medicine, Zhejiang
University, and the institutional ethics committee of The
First Hospital of Jiaxing, respectively. Written informed
consent was obtained from all patients before enroll-
ment. This trial was registered with Chictr.org.cn, num-
ber ChiCTR-ONC-17013108.

Treatment procedures

Patients received oral apatinib 500 mg once daily until
disease progression, unacceptable toxicities, or with-
drawal of consent. Each 28 days were deemed as a treat-
ment cycle. When grade >3 AEs occurred, apatinib
treatment would be interrupted. When grade >3 AEs
recovered to grade <1, apatinib treatment could be
resumed with a dose reduction. In the whole treatment
duration, the dose reduction was allowed no more than
twice, reaching a dose level of 250 mg per day, and fur-
ther dose reduction was not permitted. Treatment inter-
ruption caused by toxicities could not exceed 14 days
(either continuously or cumulatively) and was allowed
no more than twice in a treatment cycle. If the treat-
ment interruption exceeded 14 days, apatinib would be
discontinued.

At the end of every two cycles, a computed tomogra-
phy or magnetic resonance imaging evaluation accord-
ing to the Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.1 was performed to evaluate the
response of tumors. Complete response (CR) and PR
would be confirmed four weeks later. AEs were recorded
from baseline until at least 28 days after the last dose of
the study drug was administered, and graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 5.0.

Endpoints

The primary endpoint was confirmed objective response
rate (ORR), defined as the proportion of patients with the
best response of CR or PR, as assessed by the investiga-
tor. Secondary endpoints were PFS, OS, disease control
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Assessed for eligibility
(N =29)
Excluded (N = 4)
Withdrew informed consent before treatment (N = 2)
Without evaluable lesion (N=1)
With previous therapy of anti-angiogenesis drug (N=1)
25 patients enrolled
20 discontinued
—| Progressive disease (N = 18)
Adverse events (N = 2)
5 treatment ongoing
Fig. 1 Study flowchart
rate (DCR), and safety. PFS was defined as the time from
the initiation of apatinib treatment to disease progres-
sion or death from any cause, whichever occurred first.
OS was defined as the time from the initiation of apatinib
treatment to death from any cause. DCR was defined as
the proportion of patients with the best response of CR, ~ Table 1 Baseline characteristics of patients with thymic

PR, or stable disease (SD).

Statistical analysis

We conducted a single-arm, phase II trial with the con-
firmed ORR as the primary endpoint. Twenty-five
patients would provide 80% power to detect an ORR rate
of 25% at a 0.5% alpha level under the null hypothesis of
ORR = 10%.

Patients who received at least one cycle of apatinib
treatment were included for efficacy and safety analy-
ses. Efficacy was analyzed in the overall population
and subgroup according to the histology (T and TC).
PES and OS were estimated using the Kaplan-Meier
method and compared using the log-rank test. The
95% confidence intervals (Cls) of survival were cal-
culated using the Brookmeyer-Crowley method. DCR
and ORR were compared using Fisher’s exact test.
The 95% CIs of DCR and ORR were calculated using
the Clopper-Pearson method. Statistical analyses were
performed using SAS version 9.2. P < 0.05 was consid-
ered statistically significant.

Results

Patient and disease characteristics

From June 29, 2017, to April 18, 2019, a total of 29
patients were assessed for eligibility (Fig. 1). Four patients
were excluded from the study, including two patients who
withdrew the informed consent before treatment, one
without evaluable lesion, and one with previous therapy

epithelial tumor

Characteristic

Apatinib (n = 25)

Sex, n (%)
Male
Female
Age, years
Median (range)
>60, n (%)
<60, n (%)
Smoking history, n (%)
Yes
No
Histology, n (%)
Thymic carcinoma
Thymoma
Masaoka’s stage, n (%)
Va
Vb
Number of prior therapy lines
1, n (%)
>2,n (%)
ECOG performance status, n (%)
0
1
Number of metastatic lesions, n (%)
1

>2

17 (68)
8(32)

53 (26-70)
7(28)
18(72)

5(20)
20 (80)

ECOG Eastern Cooperative Oncology Group
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of anti-angiogenesis drug. Twenty-five patients received
at least one cycle of apatinib treatment and were evalu-
able for efficacy and safety. Of 25 patients, the median
age was 53 (range, 26-70) years, and 17 (68%) were
males. There were four (16%) patients in Masaoka’s stage
IVa and 21 (84%) in stage IVb. Of ten patients with T,
one had AB, two had B2, two had B3, and five had mixed
histological features. Of 15 patients with TC, seven were

Page 4 of 8

squamous cell carcinoma, two were adenocarcinoma,
and six were poorly differentiated with other types of
TC. The ECOG performance status was 0 (4 [16%]) or
1 (21 [75%]) for all 25 patients. The median number of
previous therapy line was 2 (range, 1-5). Most (20 [80%])
patients had >2 metastatic lesions. Seven (28%) patients
had liver metastases. The details of patient characteristics
are shown in Table 1.

>

Change from baseline (%)

Progressive disease
Stable disease
Partial response
Complete response
Thymic carcinoma

Thymoma
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Fig. 2 A Waterfall plot for best volumetric response to apatinib. B Swimming plot for progression-free survival
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Efficacy

As of September 30, 2021, five of 25 patients were still
receiving apatinib treatment without tumor progression.
Twenty patients discontinued treatment due to tumor
progression (n = 18) and AEs (n = 2). Common tumor
progression sites included lung (n = 7), mediastinum (n
=5), liver (n = 3), pleura (n = 3), bone (n = 2), and oth-
ers (n = 5).

One patient achieved CR and nine patients achieved
PR, with an ORR of 40% (95% CI 21-61%). Eleven
patients achieved SD, with a DCR of 84% (95% CI
64-95%) (Fig. 2A). The ORR and DCR in ten patients
with T were 70% (95% CI 35-93%) and 100% (95% CI
69—100%), respectively. The ORR and DCR in 15 patients
with TC were 20% (95% CI 4-48%) and 73% (95% CI
45-92%), respectively. Details of individual patient
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characteristics and best tumor response were summa-
rized in Additional file 1: Table S1. The swimming plot
for PES is shown in Fig. 2B. The median PFS was 9.0 (95%
CI 5.4-12.6) months in all 25 patients (Fig. 3A), 9.5 (95%
CI 8.6—-10.4) months in ten patients with T, and 6.1 (95%
CI 2.6-9.6) months in 15 patients with TC. The median
OS was 24.0 (95% CI 8.2-39.8) months in all 25 patients
(Fig. 3B), 22.4 (95% CI 6.4—38.4) months in ten patients
with T, and 24.0 (95% CI 16.1-00) months in 15 patients
with TC.

In addition, we explore the association between base-
line characteristics and ORR (Fig. 4), PFS (Additional
file 1: Fig. S1), and OS (Additional file 1: Fig. S2). The
baseline characteristics included sex, age, smoking his-
tory, stage, pathological type, ECOG performance status,
number of metastatic lesions, the absence or presence of

Subgroup Patients, No. Responders, No. ORR, % (95%Cl) p value
Overall 25 10 ———— 40 (21-61)
Age
<60 18 9 —— 50 (26-74) 0.179
.60 7 —— 14 (3-51)
Sex
Male 17 7 — 41 (18-67) 1
Female 8 3 —— 38 (14-69)
Smoking history
No 15 5 —— 33 (12-62) 0.442
Yes 10 5 —a— 50 (24-76)
ECOG performance status
0 4 2 - 50 (7-93) 1
1 21 8 —— 38 (21-59)
Pathological type
T 10 7 —_—— 70 (35-93) 0.034
TC 15 3 —— 20 (7-45)
Stage
IVa 4 2 i 50 (7-93) 1
Vb 21 8 —— 38 (21-59)
Number of metastatic lesions
<2 5 3 L 60 (15-95) 0.358
.2 20 7 — 35 (18-57)
Liver metastases
No 18 8 — 44 (22-69) 0.659
Yes 7 2 - 1 29 (4-71)
Number of prior therapy lines
1 12 6 —_— 50 (25-75) 0.428
2 13 4 — 31 (9-61)
AE
Grade 1-2 7 —— 14 (4-58) 0.179
Grade 3 18 9 — 50 (26-74)

° * Objecnv/;OResponszuRate 1% % 1
Fig. 4 Forest plots of hazard ratios in key subgroups for an objective response rate
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liver metastasis, number of previous treatment lines, and
AEs. Except for pathological type, no baseline character-
istic was associated with ORR (Fig. 4). The median PFS
of patients with grade >3 AEs was significantly longer
than that of patients without grade >3 AEs (9.7 vs. 3.6
months, hazard ratio, 0.29; 95% CI, 0.11—0.77; p = 0.008)
(Additional file 1: Fig. S1).

Safety

All of the 25 patients (100%) reported treatment-related
AEs (TRAEs) and most were with grade 1-2. Grade 3
TRAESs occurred 26 times in 15 patients. The most com-
mon grade 3 TRAEs included hypertension (8 [32%]),
hand-foot syndrome (5 [20%]), proteinuria (3 [12%]),
lymphocytopenia (3 [12%]), fatigue (2 [8%]), nausea (1
[4%]), vomiting (1 [4%]), oral mucositis (1 [4%])), gamma-
glutamyltransferase increased (1 [4%]), and neutrophilic
granuloaytopenia (1 [4%]) (Table 2). No grade 4 or 5 AEs
were recorded. A total of 18 patients underwent dose
reduction to 250 mg/day due to AEs. Two patients dis-
continued apatinib treatment owing to AEs.

Discussion

To our knowledge, this is the first study to prospectively
demonstrate the robust and durable clinical benefits of
apatinib in heavily pretreated patients with thymic malig-
nancies. We observed that apatinib achieved an ORR of
40% (T: 70%; TC: 20%) and a DCR of 84% (T: 100%; TC:
73%) in patients with TETs, including 52% heavily treated
patients who had received two or more lines of prior
systemic therapy. The median PFS and OS were 9.0 (T:
9.5; TC: 6.1) months and 24.0 (T: 22.4; TC: 24.0) months,
respectively. Moreover, apatinib showed a favorable tol-
erability and safety for patients with T and TC.

We reviewed the studies published in recent years
which investigated targeted therapy in advanced TETs,
summarized in Additional file 1: Table S2. In a phase II
trial of cixutumumab, the results showed an ORR of 0%,
DCR of 42%, and median PFS of 1.7 months in 12 patients
with TC, whereas 37 patients with T showed an ORR of
14%, DCR of 89%, and median PFS of 9.9 months [30].
In another phase II trial of 50 patients (32 T and 18 TC)
treated with everolimus, the ORR was 17% in TC and 9%
in T, respectively [31]. Sunitinib exhibited a good thera-
peutic effect and has been recommended by National
Comprehensive Cancer Network guidelines as the sec-
ond-line standard treatment for advanced TC. Previous
phase II data of sunitinib showed that in 23 assessable
patients with TC, the ORR was 26% and the median PFS
was 7.2 months [18]. Of 16 patients with T, the ORR with
sunitinib was 6% and the median PFS was 8.5 months
[18]. Recently, the immune checkpoint inhibitors (pem-
brolizumab and nivolumab) have also been investigated

Page 6 of 8

Table 2 Treatment-related adverse events occurring in >10% of
patients

Adverse event All grades? Apatinib (n = 25), n (%)

Grade1 Grade2 Grade3

Fatigue 22 (88) 13(52)  7(28) 2(8)
Hand-foot syndrome 20 (80) 5(20) 10 (40)  5(20)
AST increased 17 (68) 16064) 14
Proteinuria 16 (64) 7 (28) 6 (24) 3(12)
Thrombocytopenia 16 (64) 13(52)  3(12)

Diarrhea 16 (64) 9 (36) 7 (28)
Headache 15 (60) 13(52) 2(8)

Nausea 14 (56) 10(40) 3(12) 1(4)
Decreased appetite 14 (56) 11044 3012

Dizziness 14 (56) 13(52) 14
Hypertension 13(52) 5(20) 8(32)
Urine occult blood 12 (48) 11@4) 14

Anemia 12 (48) 7(28) 5(20)

ALT increased 11 (44) 9 (36) 2(8)

Mucositis oral 10 (40) 5(20) 4(16) 1(4)
WBC decreased 10 (40) 6 (24) 4(16)

Blood bilirubin increased 10 (40) 7 (28) 3(12)
Hyponatremia 10 (40) 10 (40)

Vomiting 10 (40) 7(28) 2(8) 1(4)
Neutrophilic granuloayto- 9 (36) 5(20) 3(12) 1(4)
penia

Cough 8(32) 8(32)

Creatinine increased 7 (28) 5(20) 2(8)
Hypochloremia 5(20) 5(20)

Lymphocytopenia 5(20) 1(4) 1(4) 3(12)
Weight loss 5(20) 5(20)

Chest distress 5(20) 4(16) 1(4)
Hoarseness 4(16) 4(16)
Hypertriglyceridemia 4(16) 4(16)

GGT increased 3(12) 2(8) 14
Constipation 3(12) 3(12)

?No grade 4 or 5 adverse events occurred

ALT alanine transaminase, AST aspartate transferase, GGT gamma-
glutamyltransferase, WBC white blood cell count

in previously treated, advanced T and TC. A phase II trial
of pembrolizumab showed an ORR of 19% and 29% in TC
and T, respectively [11]. Nivolumab was also examined in
a cohort of previously treated TC but the results showed
no patients with objective response, with a DCR of 79%
and median PFS of 3.8 months [32]. In our study, apat-
inib showed comparable efficacy with sunitinib, with a
high tumor response rate and long survival benefit in T.
Despite the different clinical settings among studies, the
indirect comparisons suggested that apatinib was worthy
of further investigation in advanced TETs.
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In terms of safety, major AEs in this study were hyper-
tension, hand-foot syndrome, and proteinuria, which
were consistent with the toxicity profile of apatinib
reported in large-scale clinical trials [26, 27]. Grade 3
TRAEs were observed in 15 patients and no grade 4 or
5 AEs occurred. In the study of sunitinib, the most com-
mon AEs were grade 3 or higher lymphocytopenia,
fatigue, and oral mucositis, and the cardiotoxicity of suni-
tinib led to a decrease in left ventricular ejection fraction
and death [18]. Everolimus showed the potential high risk
of fatal pneumonitis [34]. Compared with those targeted
drugs, apatinib showed less toxicities. In addition, the
immune checkpoint inhibitor pembrolizumab showed a
high incidence of immune-related AEs [10, 11]. Overall,
the toxicities of apatinib in our study were tolerable and
manageable.

The major limitations of our study are the single-arm
design and the relatively small sample size due to the rar-
ity of patients with TETs. However, this prospective trial
showed the potential antitumor activity of apatinib in
patients with refractory TETs.

Conclusions

This study was the first prospective trial of apatinib in
patients with advanced TETs. Apatinib showed encour-
aging antitumor activity and a well-tolerated safety
profile in refractory or relapsed TETs, making it an alter-
native treatment option for patients with advanced TETs.
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