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Abstract

Introduction

Thymic malignancies are rare tumors with few therapeutic options. The STYLE trial was aimed to
evaluate activity and safety of sunitinib in advanced or recurrent type B3 thymoma (T) and thymic
carcinoma (TC).

Methods

In this multicenter, Simon 2 stages, phase 2 trial, patients with pretreated T or TC were enrolled in
two cohorts and assessed separately. Sunitinib was administered 50 mg daily for 4 weeks,
followed by a 2-week rest period (schedule 4/2), until disease progression or unacceptable
toxicity. The primary endpoint was objective response rate (ORR). Progression-free survival,
overall survival, disease control rate and safety were secondary endpoints.

Results

From March 2017 to January 2022, 12 patients with T and 32 patients with TC were enrolled. At
stage 1, ORR was 0% (90% confidence interval [CI]: 0.0-22.1) in T and 16.7% (90% Cl: 3.1-43.8) in
TC, so the T cohort was closed. At stage 2, the primary endpoint was met for TC with ORR of 21.7%
(90% Cl: 9.0%—-40.4%). In the intention-to-treat analysis, disease control rate was 91.7% (95% ClI:
61.5%—99.8%) in Ts and 89.3% (95% Cl: 71.8%—97.7%) in TCs. Median progression-free survival
was 7.7 months (95% Cl: 2.4—-45.5) in Ts and 8.8 months (95% Cl: 5.3—11.1) in TCs; median overall
survival was 47.9 months (95% Cl: 4.5—not reached) in Ts and 27.8 months (95% Cl: 13.2-53.2) in
TCs. Adverse events occurred in 91.7% Ts and 93.5% TCs. Grade 3 or greater treatment-related
adverse events were reported in 25.0% Ts and 51.6% TCs.

Conclusions

This trial confirms the activity of sunitinib in patients with TC, supporting its use as a second-line
treatment, albeit with potential toxicity that requires dose adjustment.



Introduction

hymic epithelial tumors (TETs) are rare malignancies originating from the thymus and account for
50% of the anterior mediastinal tumors in adults.! According to the WHO histopathologic
classification, they are categorized as thymoma (T)—further distinguished in types A, AB, B1, B2
and B3—and thymic carcinoma (TC).2 Compared with Ts, TCs are extremely rare (incidence of <0.1
per million) and, due to the common blood and lymphatic spread, are frequently diagnosed in
advanced stage.

Surgery represents the cornerstone of treatment for TETs in the early stage of disease.
Cytoreductive chemotherapy may be delivered in case of locally advanced tumors, whereas
radiotherapy has a role especially in the adjuvant setting in case of more aggressive histotype,
extracapsular involvement, or residual disease.> % > © Patients with metastatic or unresectable
disease usually undergo systemic palliative treatments, and platinum-based chemotherapy
represents the standard of care in the first-line setting.”® To date, no standard salvage treatments
are available for patients with progressive disease during or after first-line chemotherapy.® 1011

Although the development of new drugs is hindered by disease rarity, recent advances in the
knowledge of molecular alterations involved in TET pathogenesis led to the identification of new
potential targets.1> 13 14.15,16,17, 18 Sayeral agents, such as insulin-like growth factor-1 receptor
inhibitors, angiogenesis inhibitors, and tropomyosin receptor kinase A/cyclin-dependent kinase
inhibitors, have been formally investigated with varying success rates.'> 2% 2122 |n 3 phase 2 trial,
the mechanistic target of rapamycin inhibitor everolimus has shown a disease control rate (DCR)
of 88% with a median progression-free survival (PFS) of 10.1 months in 51 pretreated patients.?3
Angiogenesis is another process that plays an important role in TETs as vascular endothelial
growth factor (VEGF)-A, VEGF receptor 1 (VEGFR-1), and VEGFR-2 are overexpressed. Moreover,
the microvessel density and VEGF expression levels were found to correlate with tumor invasion,
aggressive histotype and clinical stage.?* 2> 2% 27 The platelet-derived growth factor (PDGF) and
PDGF receptor alpha (PDGFRa) are also overexpressed in TETs and anecdotal reports have
suggested that drugs targeting VEGF or PDGF (e.g., sorafenib) might be effective in these
tumors.?®2° Two multitarget antiangiogenic drugs, lenvatinib and regorafenib, have recently
reported efficacy in TETs in two distinct phase 2 trials.3%3! Finally, c-KIT mutations are reported in
approximately 15% of TC, whereas they are very rare in T. The presence of c-KIT mutation has
been described as a potential negative prognostic factor. Anecdotal responses to c-KIT inhibitors
have been reported in chemotherapy-pretreated patients harboring an activating c-KIT
mutation.20,3233

Sunitinib is a potent, oral, multitargeted kinase inhibitor of VEGFR, KIT, and PDGFR and to date
represents the target therapy with the highest objective response rate (ORR) reported in patients
with TC pretreated with platinum-based chemotherapy. The single-arm, phase 2 trial conducted in
the United States by Thomas et al.3* enrolled 41 pretreated patients with advanced TETs, revealing
sunitinib efficacy in patients with TC, with a 26% of partial response (PR) and 65% of stable
disease. Disease control was achieved in 21 patients (91%) with TC and 13 (81%) with T. Median
PFS was 7.2 months in patients with TC and 8.5 months in those with T. After a median follow-up
of 17 months, median overall survival (OS) was 15.5 months for patients with T and not reached
for patients with TC.3*



On the basis of such promising results, we have designed a phase 2 study to evaluate the activity
and safety of sunitinib in a European population of patients with advanced or recurrent type B3 T
or TC previously treated with platinum-based chemotherapy.

Materials and methods

Study design and patients

STYLE (NCT03449173) is a prospective, open-label, single-arm, phase 2 trial conducted at five
Centers of the Italian Collaborative Group for the ThYmic MalignanciEs (TYME) network
(Fondazione IRCCS Istituto Nazionale dei Tumori, Milan; Humanitas Research Hospital, Rozzano;
A.0.U. Ospedali Riuniti, Ancona; A.O.U. Pisana, Pisa; IRCCS Istituto Oncologico Veneto, Padova).
Eligible patients were aged above or equal to 18 years, had a confirmed diagnosis of recurrent or
metastatic B3 T (B2 T with areas of B3 T were eligible) or TC, had progression of disease after at
least one previous platinum-based regimen, had measurable disease according to the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1), and had an Eastern Cooperative
Oncology Group performance status (ECOG PS) of less than or equal to 2. Patients with untreated
brain metastases, uncontrolled or relevant cardiovascular disease, history of cerebrovascular
accident, and recent deep vein thrombosis or pulmonary embolism were excluded from the study.

Taking into account the different biology and historically discrepant responses of T and TC,
patients were enrolled in two separate cohorts according to histotype.

The protocol and all amendments were approved by the local ethical committees. The trial was
conducted in accordance with the International Conference on Harmonization Guidelines on Good
Clinical Practice and the Declaration of Helsinki. All patients provided written informed consent
before enrollment.

This study was registered in ClinicalTrials.gov (NCT03449173).
Treatment and Procedures

Sunitinib was administered orally at 50 mg once daily for 4 consecutive weeks, followed by a 2-
week rest period (schedule 4/2) to comprise a complete cycle of 6 weeks and continued until
progression disease (PD), unacceptable toxicity, or other discontinuation criteria were met. Two
dose reductions, in 12.5 mg decrements, or a schedule change (2 wk of treatment followed by 1
wk rest) was allowed for safety reasons. The maximum allowed treatment interruption was 6
weeks. Tumor response was assessed according to RECIST 1.1 every 6 weeks for the first 6 months
and then every 12 weeks (+ 7 d). Adverse events (AEs) were graded according to the National
Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.

Statistical Analysis

The primary end point was ORR, defined as the proportion of patients who achieved complete
response (CR) or PR according to RECIST 1.1 at any point. The primary endpoint was assessed in
the per-protocol (PP) population, which included all registered patients who provided informed
consent and without major violations of eligibility criteria. Patients who discontinued treatment in
the first 2 months (i.e., 55 d) for any reason other than PD or experienced grade (G)4 toxicity in the



same period were excluded from the PP population. Patients with B3 T and TC were assessed in
two different cohorts. Sample size was determined for each cohort by two identical Simon’s two-
stage study designs according to the minimax approach. In both cohorts, an ORR of 5% or less (p0)
was defined as not of therapeutic interest and an ORR of 25% (p1) or more was defined as highly
clinically relevant. Assuming a type | error probability of 5%, one sided, and a power of 85%, 23
patients were needed to be enrolled for each cohort. For the first stage, 12 patients were enrolled
in each cohort. If one or more CR or PR were found, additional 11 patients would have been
enrolled for the second stage (23 patients in total). At the final analysis, sunitinib would have been
considered active if four of 23 patients had reached CR or PR.

Secondary endpoints were PFS, OS, DCR and safety. The secondary efficacy endpoints were
evaluated in the intention-to-treat (ITT) population, defined as all patients registered in the study
who provided informed consent and without major violations of eligibility criteria. PFS was defined
as the time from the first experimental treatment administration to PD or death for any cause,
whichever occurred first. Subjects alive and without PD at the time of the final analysis were
censored at the date of the last follow-up. OS was defined as the time from the first experimental
treatment administration to death for any cause. Subjects alive at the time of the final analysis
were censored at the last date on which they were known to be alive. Survival curves were
estimated by the Kaplan-Meier method, and their confidence intervals (Cls) were computed with
the log-log method. DCR was defined as the proportion of patients who have achieved CR, PR, or
stable disease. Duration of response (DOR) was defined as the time from the first evidence of PR
or CR to PD.

The toxicity profile was evaluated in the safety population, defined as all patients registered in the
study, who provided informed consent without major violations of eligibility criteria and received
at least one dose of medication. For any AE type, the absolute and relative frequencies of events
and the maximum G experienced by each subject were provided.

Continuous variables were expressed as mean, SD, first quartile (Q1), median, third quartile (Q3),
ranges (minimum and maximum), and number of missing values. Categorical variables were
expressed as frequency and proportion of each subject in each category. All analyses were done
with SAS software, version 9.4 (SAS Institute).

Results

From March 2017 to January 2022, a total of 12 and 32 patients were enrolled in the T and TC
cohort, respectively. All the patients were included in the ITT, safety and PP analyses, except for
one patient in the TC cohort excluded due to major violation (Fig. 1). Patients’ characteristics are
summarized in Table 1.

B3 T Cohort

In the T cohort, median age was 53.6 years (Q1-Q3: 50.9-58.7); seven patients (58.3%) were male.
ECOG PS was 0 in eight (66.7%) and 1 in four (33.3%) patients, respectively. Three patients (25.0%)
were diagnosed with myasthenia gravis. Half of the patients received sunitinib as second-line
therapy, three (25.0%) as third-line therapy and three (25.0%) as fourth-line therapy. Surgery on
the primary tumor was performed in 11 patients (91.7%). At the final analysis, one patient (8.3%)



was still on treatment. Median treatment duration was 5.4 months (Q1-Q3: 2.9-17.2). Of the 11
patients who had discontinued treatment, six (54.5%) discontinued due to radiological PD, two
(18.2%) for AE, two (18.2%) for death, and one (9.1%) for non-compliance. More than half of the
patients (seven patients, 58.3%) shifted to the alternated schedule; dose reduction occurred in
eight patients (66.7%) with four (33.3%) requiring two dose reductions (Supplementary Table 1).
The main reason for dose adjustments was AE occurrence.

At the first stage, 11 patients (91.7%) had stable disease and one patient (8.3%) had PD as best
response (see the waterfall plot for best response at Fig. 2). Therefore, ORR was 0% (90% Cl: 0.0%—
22.1%) and DCR was 91.7% (95% Cl: 61.5%—99.8%) (Table 2). Because no response was observed,
the cohort was closed for accrual.

After a median follow-up of 55.5 months, 11 patients (91.7%) progressed or died. Median PFS was
7.7 months (95% Cl: 2.4—-45.5). During the study, eight patients (66.7%) died and median OS was
47.9 months (95% Cl: 4.5—not reached) (Fig. 3A and B).

Overall, 76 AEs were reported, 52 (68.4%) grade (G)1, 19 (25.0%) G2, four (5.3%) G3, and one
(1.3%) G4. Three patients (25.0%) experienced at least one AE G3 or greater. The most common
AEs of any grade were: fatigue (58.3%), hypertension (41.7%) and oral mucositis (41.7%). In Table
3, the AEs related to the study treatment with a 10% prevalence cutoff are found (see
Supplementary Table 2 for more details). One patient experienced a gastrointestinal perforation
and another experienced a Guillain-Barré syndrome both related to sunitinib, which led to
permanent treatment discontinuation (serious AEs [SAEs] are reported in Supplementary Table 3).

TC Cohort

In the TC cohort, median age was 53.7 years (Q1-Q3: 43.1-61.9); 23 patients (74.2%) were male.
ECOG PS was 0in 25 (80.6%), 1 in five (16.1%) and 2 in one (3.2%) patients, respectively. Sunitinib
was the second, third, fourth, and fifth line of therapy in 22 (71.0%), six (19.4%), two (6.5%), and
one (3.2%) patients, respectively. Surgery on the primary tumor was performed in 11 patients
(35.5%). Regarding histotype, squamous cell carcinoma was the most common subtype, but four
basaloid carcinomas, two thymic neuroendocrine neoplasms, two epidermoid, and one
lymphoepithelial carcinoma subtypes were identified. c-KIT status was known for 10 of 31
patients, of which six harbored a c-KIT mutation.

At the final analysis, five patients (16.1%) were still on treatment. Median treatment duration was
9.1 months (Q1-Q3: 4.6—11.3). Of the 26 patients who discontinued treatment, 17 (65.4%)
discontinued due to radiological PD, three (11.5%) clinical PD, two (7.7%) AE, two (7.7%) death,
and two (7.7%) non-compliance. Sunitinib dose adjustments were required in almost half of the
patients, with 14 patients (45.2%) switching to the alternated schedule. Dose reductions were
reported in 13 patients (41.9%), of which three (9.7%) needed a further dose reduction
(Supplementary Table 1).

At the first stage, of the 12 enrolled patients, two (16.7%) achieved a PR, eight (66.7%) a stable
disease, and two (16.7%) PD as best response. Therefore, ORR was 16.7% (90% Cl: 3.1%—43.8%)
(Table 2). According to protocol design, additional 11 patients were enrolled for the second stage.

At the second stage, the primary end point was met. Of the first 23 patients assessable for the
primary end point, CR and PR were observed in one patient (4.3%) and four patients (17.4%),



respectively. Furthermore, 15 patients (65.2%) had stable disease and three patients (13%) PD.
ORR was 21.7% (90% Cl: 9.0%—40.4%) (Table 2).

Regarding all the 31 patients included in the ITT population, three were not assessable for
response as radiological evaluation had not yet been performed at the time of data cutoff. Of the
28 assessable patients, one (3.6%) had CR, five (17.9%) PR, 19 (67.9%) stable disease, and three
(10.7%) PD (see the waterfall plot for best response at Fig. 2). ORR was 21.4% (95% Cl: 8.3%—
41.0%), DCR was 89.3% (95% Cl: 71.8%—-97.7%), and median DOR was 20.8 months (95% Cl: 3.5—
40.4). After a median follow-up of 29.8 months, 26 patients (83.9%) progressed and 16 patients
(51.6%) died. Median PFS was 8.8 months (95% Cl: 5.3—-11.1), whereas median OS was 27.8
months (95% Cl: 13.2-53.2) (Fig. 3C and D). Among the six known patients with a c-KIT mutation,
the best response was stable disease in five patients and PR in the remaining one. Interestingly,
the patient who achieved a CR as best response was a case of metastatic basaloid carcinoma with
pleural and nodal metastases. c-KIT status was unknown. The patient was treated with standard
first-line platinum-based chemotherapy and subsequent sunitinib, with an early disease response.

Overall, 193 AEs were reported. In detail, 116 (60.1%) G1, 50 (25.9%) G2, and 27 (14.0%) G3.
Furthermore, 16 patients (51.6%) experienced at least one AE with grade greater than or equal to
3. Most common AEs of any grade were: platelet count decreased (48.4%), neutrophil count
decreased (45.2%) and fatigue (38.7%). In Table 3 the AEs related to the study treatment with a
10% prevalence cutoff are reported (see Supplementary Table 2 for more details). Three SAEs
occurred in two patients: one patient experienced dyspnea and one patient anemia and tumor
pain. Two of three were related to sunitinib (dyspnea and anemia). A SAE related to sunitinib
(dyspnea) led to permanent discontinuation of the treatment (SAEs are reported in Supplementary
Table 3).

Discussion

In the phase 2 STYLE trial, sunitinib was found to have an activity in patients with TC refractory to
standard first-line chemotherapy, with an ORR of 21.4%, a DCR of 89.3% and a median PFS of 8.8
months in the ITT population. The accrual in B3 T cohort was stopped at first-stage analysis for
futility, despite an encouraging DCR of 91.7% and a median PFS of 7.7 months of not clear value
due to the intrinsic better prognosis of T compared with TC. To ensure the number of assessable
patients needed for the primary analysis, defined as patients who completed two months of
treatment and underwent the first radiological evaluation, nine additional patients to the
preplanned 23 were enrolled in the TC cohort.

Type B3 Ts and TCs are rare malignancies characterized by negative prognosis due to their
aggressiveness, resistance to chemotherapy and high likelihood to give distant metastases.
Because of their rarity, no randomized trial has been performed to date. Platinum-based
chemotherapy represents the standard first-line treatment and there are no standard salvage
options after failure of the first-line therapy.

Different targeted agents have been investigated in this setting. Angiogenesis is thought to play an
important role in the genesis of TETs, especially in TC. In the REMORA phase 2 trial, the activity of
lenvatinib, an orally multitargeted kinase inhibitor for VEGFR, FGFR, and c-KIT, was assessed in 42



patients with advanced TC who progressed after at least one platinum-based chemotherapy.3° The
ORR was 38%, DCR 95% and the median PFS 9.3 months. Interestingly, a considerable proportion
of patients (30 of 42, 71%) had squamous carcinoma and 14 of 30 (47%) had PR. In the RESOUND
phase 2 trial, regorafenib, a potent inhibitor of angiogenic and stromal receptor tyrosine kinases
VEGFR1, VEGFR2, and VEGFR3, was found to have a DCR of 78.9% with a median PFS of 9.6
months in 19 patients in the same setting.3! These findings suggested that both lenvatinib and
regorafenib may have a potential activity in the treatment of TC. In a phase 2 trial, sunitinib as
second-line therapy achieved an overall response rate of 26% with a median PFS of 7.2 months in
23 patients with TC, but limited activity was reported in the T cohort with an ORR of 6% (one of 16
patients).3* In contrary, in the retrospective analysis of the French group RYTHMIC on eight T and
20 TC, sunitinib obtained an ORR in 29% T and 20% TC, respectively. The retrospective nature of
the trial and the limited number of T (one B1, four B2, and three B3) may contribute to explain
such discrepancy. The TC cohort DCR was 55%, whereas the T cohort DCR was 85.7%.3°

n this context, STYLE trial further supports the activity of the multitarget tyrosine kinase inhibitor
sunitinib in pretreated TC. Our results are consistent with those of the previous studies reported,
confirming that sunitinib is a viable treatment with a high ORR in patients with TC pretreated with
platinum-containing polychemotherapy and therefore could represent a valid option in this
setting. According to all the achieved results, efficacy of sunitinib in T remains uncertain.

As regards safety, toxicities were consistent with available data, with 91.7% of patients in T and
93.8% in TC experiencing at least one AE. The most common AEs of any grade were fatigue,
hypertension, neutrophil count decreased, platelet count decreased, mucositis and diarrhea.
Owing to AEs, schedule changes (58.3% in the T and 45.2% in the TC cohorts) and dose
adjustments (66.7% and 41.9% in T and TC, respectively) were required.

Recently, a retrospective study evaluated efficacy and safety of sunitinib administered
continuously at the dose of 37.5 mg daily on 20 consecutive patients (12 TC, six B3, and two B2 T),
revealing an ORR of 31.6% (95% Cl: 12.5%—-56.5%) in the overall population with a manageable
toxicity profile.3® Considering these data, an alternative dosing regimen should be further explored
to improve patient compliance to the treatment and possibly outcomes.

The STYLE trial has some limitations. First of all the lack of a control group to perform a direct
comparison. Nevertheless, no standard second-line treatment currently exists and identifying a
valid drug regimen comparator is not trivial. Furthermore, the rarity of the disease makes
randomized trials very hard to conduct.

A second limitation is represented by the number of previous lines and the different regimens
received by the enrolled patients. This reflects the variability of therapeutic management after
progression to first-line treatment in the clinical practice. Recently, Petat et al.,3” analyzing the
RYTHMIC French database on the real-life management of TC, described a huge variability in the
choice of second-line options, including platinum-based doublet chemotherapy, sunitinib or single-
agent chemotherapies. Nevertheless, despite many patients were heavily pretreated with two or
more previous lines in the STYLE trial (approximately 30% and 50% in the TC and T cohorts,
respectively), sunitinib confirmed its activity in TCs. The third limitation derives from the long time
spent for completing the accrual. This was partially expected due to the rarity of the disease. The
coronavirus disease 2019 pandemic, however, further hurdled the enrollment, limiting patients’
access to the Italian referral centers involved in the study.3®



Nevertheless, the STYLE trial, together with previously reported data, supports the use of
multitarget antiangiogenic drugs in patients with TC. The lack of response in the T population and
the potential influence on DCR of the natural history and the less aggressive behavior of T
compared with TC make sunitinib role in patients with T unclear.

To further investigate the efficacy of antiangiogenetic drugs in thymic malignancies is actually
ongoing in Italy the phase 2 RELEVENT trial that evaluates activity and safety of the combination of
ramucirumab and chemotherapy as first-line treatment in patients with metastatic TC or B3 T with
areas of carcinoma.3?

The use of other response criteria, such as Choi criteria, or other type of imaging technique, such
as RGD-PET (Arg-Gly-Asp positron emission tomography), could be useful to better evaluate
treatment efficacy in both cohorts. Therefore, the identification of specific biomarkers to better
select patients could help clinicians to identify the subgroup of patients with TETs who may most
benefit from angiogenetic therapies.

In conclusion, the multicentric, prospective, phase 2 STYLE trial confirms the efficacy of sunitinib in
pretreated advanced TC, with manageable toxicity profile. These data support sunitinib as a
second-line option in TC and suggest caution about the related toxicity, thus considering the
possibility of early switch to a lower dose schedule.

Acknowledgments

This research received specific grant from Pfizer and was supported by AIFA (Agenzia Italiana del
Farmaco). The authors thank the Italian Collaborative Group for ThYmic MalignanciEs (TYME)
network and the patient association TUTOR (Tumori Toracici Rari) for the support.

Institutional Review Board Statement

The study was conducted in accordance with the Declaration of Helsinki, and all patients signed
informed consent for scientific research purposes. The protocol was submitted to the Ethics
Committee of the participating centers.



References

1. E.A. Engels, Epidemiology of thymoma and associated malignancies. J Thorac Oncol, 5 (suppl
4) (2010), pp. S260-5265

2. W.D. Travis, E. Brambilla, A.G. Nicholson, et al., The 2015 World Health Organization
classification of lung tumors: impact of genetic, clinical and radiologic advances since the
2004 classification. J Thorac Oncol, 10 (2015), pp. 1243-1260

3. F.Y.Bhora, D.J. Chen, F.C. Detterbeck, et al., The ITMIG/IASLC thymic epithelial tumors
staging project: a proposed lymph node map for thymic epithelial tumors in the
forthcoming 8th edition of the TNM classification of malignant tumors. J Thorac Oncol, 9
(suppl 2) (2014), pp. S88-S96

4. M. Imbimbo, M. Ottaviano, M. Vitali, et al., Best practices for the management of thymic
epithelial tumors: a position paper by the Italian collaborative group for ThYmic
Malignanciks (TYME). Cancer Treat Rev, 71 (2018), pp. 76-87

5. M. Hamaji, R.M. Shah, S.0. Ali, A. Bettenhausen, H.S. Lee, B.M. Burt, A meta-analysis of
postoperative radiotherapy for thymic carcinoma. Ann Thorac Surg, 103 (2017), pp. 1668-
1675

6. D. Gomez, R. Komaki, J. Yu, H. Ikushima, A. Bezjak, Radiation therapy definitions and
reporting guidelines for thymic malignancies. J Thorac Oncol, 6 (suppl 3) (2011), pp. S1743-
51748

7. R.J.Kelly, I. Petrini, A. Rajan, Y. Wang, G. Giaccone, Thymic malignancies: from clinical
management to targeted therapies. J Clin Oncol, 29 (2011), pp. 4820-4827

8. Y. Okuma, M. Saito, Y. Hosomi, T. Sakuyama, T. Okamura, Key components of
chemotherapy for thymic malignancies: a systematic review and pooled analysis for
anthracycline-, carboplatin- or cisplatin-based chemotherapy. J Cancer Res Clin Oncol, 141
(2015), pp. 323-331

9. P.A. Zucali, F. De Vincenzo, M. Perrino, et al., Systemic treatments for thymic tumors: a
narrative review. Mediastinum, 5 (2021), p. 24

10. F. Conforti, L. Pala, G. Giaccone, T. De Pas, Thymic epithelial tumors: from biology to
treatment. Cancer Treat Rev, 86 (2020), Article 102014

11. N. Girard, E. Ruffini, A. Marx, C. Faivre-Finn, S. Peters, ESMO Guidelines Committee, Thymic
epithelial tumours: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol, 26 (suppl 5) (2015), pp. v40-v55

12. |. Petrini, P.A. Zucali, H.S. Lee, et al., Expression and mutational status of c-kit in thymic
epithelial tumors. J Thorac Oncol, 5 (2010), pp. 1447-1453



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

A.T. Alberobello, Y. Wang, F.J. Beerkens, et al., PI3K as a potential therapeutic target in
thymic epithelial tumors. J Thorac Oncol, 11 (2016), pp. 1345-1356

l. Petrini, P.S. Meltzer, P.A. Zucali, et al., Copy number aberrations of BCL2 and CDKN2A/B
identified by array-CGH in thymic epithelial tumors. Cell Death Dis, 3 (2012), p. e351

I. Petrini, Y. Wang, P.A. Zucali, et al., Copy number aberrations of genes regulating normal
thymus development in thymic epithelial tumors. Clin Cancer Res, 19 (2013), pp. 1960-1971

Y. Wang, A. Thomas, C. Lau, et al., Mutations of epigenetic regulatory genes are common in
thymic carcinomas. Sci Rep, 4 (2014), p. 7336

0.B. Gbolahan, R.F. Porter, J.T. Salter, et al., A phase |l study of pemetrexed in patients with
recurrent thymoma and thymic carcinoma. J Thorac Oncol, 13 (2018), pp. 1940-1948

G. Giaccone, A. Rajan, R. Ruijter, E. Smit, C. van Groeningen, P.C. Hogendoorn, Imatinib
mesylate in patients with WHO B3 thymomas and thymic carcinomas. J Thorac Oncol, 4
(2009), pp. 1270-1273

P.A. Zucali, I. Petrini, E. Lorenzi, et al., Insulin-like growth factor-1 receptor and
phosphorylated AKT-serine 473 expression in 132 resected thymomas and thymic
carcinomas. Cancer, 116 (2010), pp. 4686-4695

K. Yoh, Y. Nishiwaki, G. Ishii, et al., Mutational status of EGFR and KIT in thymoma and
thymic carcinoma. Lung Cancer, 62 (2008), pp. 316-320

A.M. Cimpean, M. Raica, S. Encica, R. Cornea, V. Bocan, Immunohistochemical expression of
vascular endothelial growth factor A (VEGF), and its receptors (VEGFR1, 2) in normal and
pathologic conditions of the human thymus. Ann Anat, 190 (2008), pp. 238-245

l. Petrini, P.S. Meltzer, |.K. Kim, et al.,A specific missense mutation in GTF2| occurs at high
frequency in thymic epithelial tumors. Nat Genet, 46 (2014), pp. 844-849

P.A. Zucali, T. De Pas, G. Palmieri, et al., Phase Il study of everolimus in patients with
thymoma and thymic carcinoma previously treated with cisplatin-based chemotherapy. J
Clin Oncol, 36 (2018), pp. 342-349

M. Tomita, Y. Matsuzaki, M. Edagawa, et al., Correlation between tumor angiogenesis and
invasiveness in thymic epithelial tumors. J Thorac Cardiovasc Surg, 124 (2002), pp. 493-498

H. Sasaki, H. Yukiue, Y. Kobayashi, et al., Elevated serum vascular endothelial growth factor
and basic fibroblast growth factor levels in patients with thymic epithelial neoplasms. Surg
Today, 31 (2001), pp. 1038-1040

R. Asselta, L. Di Tommaso, M. Perrino, et al., Mutation profile and immunoscore signature in
thymic carcinomas: an exploratory study and review of the literature. Thorac Cancer, 12
(2021), pp. 1271-1278



27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

A. Nusser, Sagar, J.B. Swann, et al., Developmental dynamics of two bipotent thymic
epithelial progenitor types. Nature, 606 (2022), pp. 165-171

A.M. Cimpean, R. Ceausu, S. Encicd, P.N. Gaje, D. Ribatti, M. Raica, Platelet-derived growth
factor and platelet-derived growth factor receptor-a expression in the normal human
thymus and thymoma. Int J Exp Pathol, 92 (2011), pp. 340-344

E. Bolzacchini, C. Chini, G. Pinotti, Response of malignant thymoma to sorafenib. J Thorac
Oncol, 11 (2016), pp. €125-e126

J. Sato, M. Satouchi, S. Itoh, et al., Lenvatinib in patients with advanced or metastatic thymic
carcinoma (REMORA): a multicentre, phase 2 trial. Lancet Oncol, 21 (2020), pp. 843-850

M. Perrino, T. De Pas, S. Bozzarelli, et al., Resound Trial: a phase 2 study of regorafenib in
patients with thymoma (type B2-B3) and thymic carcinoma previously treated with
chemotherapy. Cancer, 128 (2022), pp. 719-726

L. Schirosi, N. Nannini, D. Nicoli, et al., Activating c-KIT mutations in a subset of thymic
carcinoma and response to different c-KIT inhibitors. Ann Oncol, 23 (2012), pp. 2409-2414

P. Strobel, M. Hartmann, A. Jakob, et al., Thymic carcinoma with overexpression of mutated
KIT and the response to imatinib. N Engl J Med, 350 (2004), pp. 2625-2626

A. Thomas, A. Rajan, A. Berman, et al., Sunitinib in patients with chemotherapy-refractory
thymoma and thymic carcinoma: an open-label phase 2 trial. Lancet Oncol, 16 (2015), pp.
177-186

J. Remon, N. Girard, J. Mazieres, et al., Sunitinib in patients with advanced thymic
malignancies: cohort from the French RYTHMIC network. Lung Cancer, 97 (2016), pp. 99-
104

G. Antonarelli, C. Corti, P.A. Zucali, et al., Continuous sunitinib schedule in advanced
platinum refractory thymic epithelial neoplasms: a retrospective analysis from the ThYmic
MalignanciEs (TYME) Italian collaborative group. Eur J Cancer, 174 (2022), pp. 31-36

A. Petat, E. Dansin, F. Calcagno, et al., Treatment strategies for thymic carcinoma in a real-
life setting. Insights from the RYTHMIC network. Eur J Cancer, 162 (2022), pp. 118-127

J.M. Unger, H. Xiao, M. LeBlanc, D.L. Hershman, C.D. Blanke, Cancer clinical trial
participation at the 1-year anniversary of the outbreak of the COVID-19 pandemic. JAMA
Netw Open, 4 (2021), Article 2118433

M. Imbimbo, M. Vitali, A. Fabbri, et al., RELEVENT trial: phase Il trial of ramucirumab,
carboplatin, and paclitaxel in previously untreated thymic carcinoma/B3 thymoma with
area of carcinoma. Clin Lung Cancer, 19 (2018), pp. €e811-e814



Figure 1. Study flowchart. ITT, intention-to-treat; PP, per-protocol.
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Figure 2. Waterfall plot for best response. CR, complete response; ITT, intention-to-treat; PD,
progression disease; PR, partial response; SD, stable disease.
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Figure 3. Kaplan-Meier estimate for PFS and OS. (A) Kaplan-Meier estimate for PFS in B3 thymoma
cohort. (B) Kaplan-Meier estimate for OS in B3 thymoma cohort. (C) Kaplan-Meier estimate for PFS
in thymic carcinoma cohort. (D) Kaplan-Meier estimate for OS in thymic carcinoma cohort. Cl,

confidence interval; OS, overall survival; PFS, progression-free survival.
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Table 1. Clinical and Demographic Characteristics at Baseline

Patients' Characteristics B3 Thymoman =12 Thymic Carcinoman =31
Age (y)
Median (Q1-Q3) 53.6 (50.9-58.7) 53.7 (43.1-61.9)
Sex, n (%)
Female 5(41.7) 8 (25.8)
Male 7 (58.3) 23 (74.2)
ECOG performance status, n (%)
0 8 (66.7) 25 (80.6)
1 4(33.3) 5(16.1)
2 0(0.0) 1(3.2)
Myasthenia gravis, n (%)
Not present 9 (75.0) 31 (100.0)
Present 3(25.0) 0(0.0)
Liver metastases, n (%) 5(41.7) 15 (48.4)
Bone metastases, n (%) 3(25.0) 12 (38.7)
Lung metastases, n (%) 6 (50.0) 14 (45.2)
Brain metastases, n (%) 2 (16.7) 2 (6.5)
Lymph node metastases, n (%) 6 (50.0) 18 (58.1)
Pleura metastases, n (%) 8 (66.7) 13 (41.9)

Masaoka clinical staging at study entry, n (%)

A 0(0.0) 1(3.2)
IVA 2 (16.7) 7 (22.6)
IVB 10 (83.3) 23(74.2)
Number of previous antitumor therapy lines, n
(%)
1 6 (50.0) 22 (71.0)
>2 6 (50.0) 9(29.0)
Most frequent previous antitumor therapies, n
(%)
CBDCA + TXL (carboplatin—paclitaxel) 4 (33.3) 15 (48.4)
ADOC (cisplatin'—doxorubicin—vincristine— 6 (50.0) 1(3.2)
cyclophosphamide)
CAP (cisplatin—doxorubicin—cyclophosphamide) 2 (16.7) 4(12.9)
Carboplatin—paclitaxel-ramucirumab 0(0.0) 5(16.1)
Milciclib 2 (16.7) 0(0.0)
Previous radiotherapy, n (%) 7 (58.3) 19 (61.3)
Previous surgery, n (%) 11 (91.7) 11 (35.5)

Note: Only antitumor therapies received by at least 10% of patients in one cohort were considered as most
frequent.

ECOG, Eastern Cooperative Oncology Group; Q1-Q3, first to third quartiles.



Table 2. Efficacy Analyses

Efficacy Analysis B3 Thymoma Thymic Carcinoma
Stage |

Number of patients, n (%) 12 12

Best response, n (%)

PR 0(0.0) 2 (16.7)
SD 11 (91.7) 8 (66.7)
PD 1(8.3) 2 (16.7)
ORR (CR + PR), n (%) 0(0.0) 2(16.7)
[90% CI] [0.0-22.1] [3.1-43.8]
Stage Il

Number of patients, n - 23

Best response, n (%)

CR - 1(4.3)

PR - 4(17.4)
SD - 15 (65.2)
PD - 3(13.0)
Objective response rate (CR + PR), n i 5 (21.7)
(%)

[90% CI] - [9.0-40.4]
ITT population

Number of patients, n 12 31

Best response, n (%)

CR 0(0.0) 1(3.6)

PR 0(0.0) 5(17.9)
SD 11 (91.7) 19 (67.9)
PD 1(8.3) 3(10.7)
Not evaluated ? 0 3
Objective response rate (CR + PR), n 0(0.0) 6 (21.4)
(%)

[95% CI] [0.0-26.5] [8.3-41.0]
DCR (CR + PR + SD), n (%) 11 (91.7) 25 (89.3)
[95% CI] [61.5-99.8] [71.8-97.7]
DOR in patients with CR or PR

DOR event, n (%) - 5(83.3)
Type of DOR event, n (%)

Progression - 4 (80.0)
Death without progression - 1(20.0)
Censored, n (%) - 1(16.7)
Kaplan-Meier estimate for DOR (mo)

First quartile - 53
Median [95% ClI] - 20.8 [3.5-40.4]
Third quartile - 23.4

Note: Primary endpoint (ORR), secondary endpoint (DCR, DOR).

Cl, confidence interval; CR, complete response; DCR, disease control rate; DOR, duration of response; ITT,
intention-to-treat; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable
disease.

2 Patients who did not receive at least one radiological evaluation after the study entry.



Table 3. Adverse Events Related to the Study Treatment (10% Prevalence Cutoff)

Adverse event B3 Thymoma (n = 12) and Thymic Carcinoma (n =31), N =43
Any Grade G3 G4
Overall 40 (93.0) 18 (41.9) 1(2.3)
Fatigue 19 (44.2) 2(4.7) 0(0.0)
Platelet count decreased 19 (44.2) 1(2.3) 0(0.0)
Neutrophil count decreased 18 (41.9) 4 (9.3) 0(0.0)
Hypertension 15 (34.9) 6 (14.0) 0(0.0)
Mucositis, oral 15 (34.9) 0(0.0) 0(0.0)
Diarrhea 12 (27.9) 1(2.3) 0(0.0)
Anemia 11 (25.6) 2(4.7) 0 (0.0)
Dysgeusia 10 (23.3) 0(0.0) 0(0.0)
Nausea 9(20.9) 0(0.0) 0(0.0)
Blood bilirubin increased 6 (14.0) 1(2.3) 0(0.0)
Hypothyroidism 6 (14.0) 0(0.0) 0(0.0)
:'I‘t’ee:aft‘:;fgon test 6 (14.0) 1(2.3) 0(0.0)
Abdominal pain 5(11.6) 0(0.0) 0(0.0)
Siassetar;):sophageal reflux 5 (11.6) 0(0.0) 0(0.0)

Note: All values are n (%).
G, grade.



