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Background: Thymic malignancies are rare intrathoracic tumors, which may be aggressive and difficult to treat. They
represent a therapeutic challenge in the advanced/metastatic setting, with limited treatment options after the
failure of first-line platinum-based chemotherapy. They are frequently associated with autoimmune disorders that
also impact oncological management.

Materials and methods: NIVOTHYM is an international, multicenter, phase Il, two-cohort, single-arm trial evaluating the
activity and safety of nivolumab [240 mg intravenously (i.v.) g2 weeks] alone or with ipilimumab (1 mg /kg i.v. g6 weeks)
in patients with advanced/relapsed type B3 thymoma or thymic carcinoma, after exposure to platinum-based
chemotherapy. The primary endpoint is progression-free survival rate at 6 months (PFSR-6) based on RECIST 1.1 as
per independent radiological review.

Results: From April 2018 to February 2020, 55 patients were enrolled in 15 centers from 5 countries. Ten patients (18%)
had type B3 thymoma and 43 (78%) had thymic carcinoma. The majority were male (64%), and the median age was 58
years. Among the 49 eligible patients who started treatment, PFSR-6 by central review was 35% [95% confidence
interval (Cl) 22% to 50%)]. The overall response rate and disease control rate were 12% (95% Cl 5% to 25%) and
63% (95% Cl 48% to 77%), respectively. Using the Kaplan—Meier method, median progression-free survival and
overall survival by local assessment were 6.0 (95% Cl 3.1-10.4) months and 21.3 (95% Cl 11.6-not estimable)
months, respectively. In the safety population of 54 patients, adverse events (AEs) of grade 1/2 were observed in
22 (41%) patients and grade 3/4 in 31 (57%) patients. Treatment-related AEs of grade 4 included one case of
neutropenia, one case of immune-mediated transaminitis, and two cases of myocarditis.

Conclusions: Nivolumab monotherapy demonstrated an acceptable safety profile and objective activity, although it has
been insufficient to meet its primary objective. The second cohort of NIVOTHYM is currently ongoing to assess the
combination of nivolumab plus ipilimumab.

Key words: thymoma, immunotherapy, thymic carcinoma

INTRODUCTION patients diagnosed every year in Europe.®> Thymic tumors

Thymic epithelial tumors are rare thoracic malignancies that are classified according to the World Health Organization
may be aggressive and difficult to treat."”” There are ~ 1500 (WHO) histopathologic classification that distinguishes
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thymomas from thymic carcinomas.* Thymomas reproduce
the architecture of the normal thymus, combining epithelial
tumor cells with non-tumoral lymphocytes, and are further
subdivided into different types (A, AB, B1, B2, and B3) based
on the degree of cell atypia, the relative proportion of the
lymphocytic component, and the resemblance to normal
thymic architecture.” Thymic carcinomas are similar to their
extra-thymic counterpart, and the most frequent morpho-
logical subtype is squamous cell carcinoma.”

Surgery has been the mainstay of the curative-intent
treatment in limited-stage thymic epithelial tumors, as
complete resection represents the most significantly
favorable prognostic factor for overall survival (OS), both in
thymomas and thymic carcinomas.™” Systemic agents based
on platinum-based combination regimens have been his-
torically used for the treatment of unresectable, metastatic,
and recurrent tumors, which are more frequently type B3
thymomas and carcinomas.’ Several consecutive lines of
chemotherapy, antiangiogenic agents, or targeted therapies
may be administered during tumor progression.” However,
efficacy has been highly variable and infrequently sustained
over time. Currently, no standard of care exists beyond the
first-line setting, while virtually all patients require second-
line and beyond therapies.**°

Immune checkpoint inhibitors (ICls) have been an
attractive option for the treatment of thymic malignancies.
However, this has been a major challenge, as at the time of
diagnosis, up to one-third of patients present with auto-
immune disorders, especially myasthenia gravis,” that may
be exacerbated by immunotherapeutic agents.>° Never-
theless, thymic carcinoma may be considered a good
candidate to assess the efficacy of such strategies, given (i)
the histologic subtype, mostly consisting of squamous cells
that are usually sensitive to immunotherapies; (ii) the
frequent expression of programmed death-ligand 1 (PD-L1),
even if viewed as constitutive of thymic epithelial cell
phenotype;”'° and (iii) the high rate of genomic aberration,
a criterion previously reported to predict durable benefit of
immunotherapy in some patients.*

Based on this hypothesis, we conducted the NIVOTHYM
trial evaluating the use of nivolumab alone (cohort 1) or—
subsequently after completion of this cohort—in combina-
tion with ipilimumab (cohort 2) in patients with advanced/
relapsed type B3 thymoma or thymic carcinoma, after
exposure to platinum-based chemotherapy. Here, we report
the results of the single-agent nivolumab cohort.

MATERIALS AND METHODS

Patients

Patients were eligible to enter the trial if they were at least
18 years old; had a WHO performance status of 0-2; a
histologically confirmed thymoma B3 or thymic carcinoma
not amenable to curative-intent radical treatment; a docu-
mented radiological progression as per RECIST version 1.1;**
a failure after at least one previous line of platinum-based
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chemotherapy for advanced disease; an adequate hema-
tological, liver, and renal function; and had provided a tu-
mor sample for PD-L1 status assessment. Patients were
excluded if they had an active autoimmune disease that
required any systemic treatment in the past 2 years (i.e. use
of disease-modifying agents, corticosteroids, or immuno-
suppressive drugs); evidence of active central nervous sys-
tem metastases and/or carcinomatous meningitis; prior
treatment with ICls; known active hepatitis or current evi-
dence of human immunodeficiency virus (HIV) (HIV-1/2
antibodies); chronic use of immunosuppressive agents and/
or systemic corticosteroids or any use in the last 15 days
before enrolment; or history of any other hematologic or
primary solid tumor malignancy, unless in remission for at
least 5 years. Because of an increased risk of myasthenia
gravis, patients with the presence of acetylcholine receptor
antibodies at baseline were also excluded.

Trial design

NIVOTHYM is an international, multicenter, phase I, two-
cohort, single-arm study designed by the European Orga-
nisation for Research and Treatment of Cancer (EORTC) in
collaboration with the European Thoracic Oncology Plat-
form (ETOP) and sponsored by the EORTC (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2023.101576).

Procedures

Nivolumab, a human immunoglobulin G4 monoclonal anti-
body binding to the programmed cell death protein 1 (PD-1)
receptor and blocking its interaction with PD-L1 and PD-L2,
was administered at a dose of 240 mg intravenously every 2
weeks and continued until progression of disease (PD),
unacceptable toxicity, patient refusal, or death. Patients
who received nivolumab without progression after 1 year of
treatment were allowed to interrupt it. If they, then,
experienced a PD >3 months after completing 1 year of
treatment and met all criteria for its administration, they
had the opportunity to resume until PD as per investigator’s
decision. In case a patient continued to derive clinical
benefit despite an initial documentation of PD (defined as
investigator assessment of clinical benefit; stable PS; toler-
ance of study drug; absence of threatening or rapid pro-
gression), (s)he could continue nivolumab, with a new
tumor assessment after ~4 weeks to determine response,
disease stabilization, or alternatively to confirm PD, which
would ultimately terminate the trial treatment. Further
progression was defined as an additional >10% increase in
tumor dimension or presence of new lesions as per RECIST
1.1 criteria from the time of initial PD. An interim analysis
for futility and efficacy was planned after a third of the
information (17/50 patients) was available for cohort 1.
Based on the results of the single-agent cohort reported
here, a second, subsequent cohort of combination
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nivolumab (240 mg every 2 weeks) plus ipilimumab (1 mg/
kg every 6 weeks) therapy has been ongoing.

Assessments

Physical examination with an emphasis on monitoring signs
and symptoms associated with a paraneoplastic syndrome
and assessment of adverse events (AEs) were carried out at
baseline and every 2 weeks. Acetylcholine receptor and
antinuclear antibodies were assessed every 6 weeks. Dis-
ease assessment by a contrast-enhanced computed to-
mography (CT) scan/a magnetic resonance imaging (MRI) of
the chest and upper abdomen was organized after 8 weeks
of treatment and every 6 weeks thereafter until PD. Brain
MRI or contrast-enhanced CT was carried out only if clini-
cally indicated (new evidence of neurological symptoms/
signs) or systematically, in case of history of brain
metastasis.

Outcomes

The primary endpoint of NIVOTHYM was progression-free
survival rate at 6 months (PFSR-6) in patients treated with
nivolumab (this cohort) or—subsequently—nivolumab in
combination with ipilimumab (cohort 2) as assessed by
blinded independent central review committee retrospec-
tively. The PFSR-6 was defined as the proportion of patients
who were alive and non-progressing at 6 months, corre-
sponding to 26 weeks &+ 7 days after registration. Patients
without adequate disease assessment at 26 weeks were
initially considered as failures for the primary endpoint.
However, a more relaxed approach was later implemented,
accepting patients with a missing assessment at week 26 +
7 days, to be still considered assessable provided the next
assessment was available.

Secondary endpoints included: PFSR-6 as per local
assessment, overall response rate (ORR), disease control
rate (DCR), duration of response (DoR), OS, progression-free
survival (PFS), and safety. OS was defined as the time in-
terval from the date of registration till the date of death
from any cause and PFS as the time between registration
and PD or death, whichever occurred first. All AEs were
recorded starting from patient registration and followed
until resolution or stabilization.

Statistical analysis

The single-agent study cohort was designed according to a
two-stage single-arm design, with a one-sided o of 10% and
90% power (8 = 10%), taking into account one interim
analysis for both futility (non-binding) and efficacy when
~33% information was available. We hypothesized that, if
the result was compatible with a PFSR-6 of 60% in the
studied population, the drug should be further investigated.
However, if we were unable to demonstrate a PFSR-6 of at
least 40%, nivolumab should have been rejected from
further testing. Based on this assumption, 50 eligible pa-
tients starting treatment were required. Considering pa-
tients who might be ineligible or have not started

Volume 8 m Issue 3 m 2023

Table 1. Baseline characteristics
Baseline characteristics Patients (n = 55)
Median age (range), years 58 (32-82)
Gender, n (%)
Male 35 (64)
Female 20 (36)
Performance status (ECOG), n (%)
0-1 53 (96)
2 2 (4)
Presence of acetylcholine receptor antibodies, n (%)
No 53 (96)
Yes (ineligible) 2 (4)
Histological type, n (%)
Thymoma 10 (18)
Thymic carcinoma 43 (78)
Other (ineligible) 2 (4)
Prior radical treatment, n (%)
Previous primary resection 16 (29)
Prior (neo)adjuvant platinum-based chemotherapy 7 (13)
combined with radical surgery or radical
chemoradiotherapy

ECOG, Eastern Cooperative Oncology Group.

treatment, an additional 10% (five patients) were needed to
be accrued.

The primary analysis of the efficacy endpoints was car-
ried out on the per-protocol population, including all
eligible patients having at least one dose of the study drug.
The primary endpoint was analyzed using a Z-test. The study
drug will be considered worthwhile of further investigation
if Z> 1.29 (corresponding to 49% or more patients alive
and progression free at 6 months). The 95% confidence
intervals (Cls) for PFSR-6 and DCR have been calculated
using the exact method. Time-to-event endpoint (PFS, OS)
curves were estimated using the Kaplan—Meier technique
and Cls for the medians were calculated using the reflected
Cl method. For the analysis of PFS, patients who missed two
or more consecutive assessments have been censored at
the last assessment regardless of events occurring past the
missing assessments. Safety analysis was carried out ac-
cording to the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 on the safety population,
including all patients having at least one dose of the study
drug. The clinical cut-off date for this analysis was 25
September 2020. The statistical analysis was conducted
using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Patient disposition and characteristics

In total, 55 patients were recruited in the nivolumab
monotherapy cohort, in 15 institutions from 5 countries,
from April 2018 to February 2020. At the time of interim
analysis, accrual was almost completed due to faster than
anticipated accrual rate and no futility or safety concerns
were identified. Demographics, disease characteristics, and
previous treatment are presented in Table 1. The majority of
patients were male (64%), and the median age at regis-
tration was 58 years (range 32-82 years). There were 43
cases (78%) diagnosed with thymic carcinoma, 10 cases

https://doi.org/10.1016/j.esmoop.2023.101576 3
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Figure 1. Objective response (A), progression-free (B), and overall survival (C) of patients enrolled in NIVOTHYM who received nivolumab.

Cl, confidence interval; NE, not estimable.

(16%) with type B3 thymoma, and 2 cases (4%) with other
histologies not fulfilling the eligibility criteria for histology. A
total of 16 patients (29%) had a previous surgery of the
primary tumor and another 7 (13%) had treatment in the
(neo)adjuvant setting.

From the 55 patients registered, 54 had at least one dose
of nivolumab (safety population), whereas 6 were declared
ineligible and were not included in the efficacy analysis (2
based on histology, 2 had positive acetylcholine receptor
antibodies at baseline, 1 based on previous treatment, and
1 after investigator’s decision) (Supplementary Figure S2,
available at https://doi.org/10.1016/j.esmoop.2023.
101576). There was one patient with a history of psoriasis
at baseline, not requiring systemic treatment, registered
and received treatment.

Efficacy of nivolumab

The PFSR-6 by central review was 35% (95% Cl 22% to 50%),
corresponding to 17/49 patients being successful with
respect to the primary endpoint. Reasons for failure were:
24 due to PD (49%), 4 due to unknown disease status (8%),
1 due to start of another anticancer treatment without a
documented PD (2%), and 3 due to death without PD (6%).
The Z value for the test is —0.758 and the corresponding P
value is 0.776, meaning that the primary objective of the
study was not met. PFSR-6 based on local investigator
assessment was 39% (95% Cl 25% to 54%) corresponding to
19/49 patients being progression free after 6 months of
nivolumab. Discrepancies between central review and local
assessment of PFSR-6 were observed for six patients: four
considered as failures due to PD by central review but

4 https://doi.org/10.1016/j.esmoop.2023.101576

successes by local assessment, and vice versa for the
remaining two.

The median PFS was 6.2 months (95% Cl 3.1-10.4
months; Figure 1B) and OS 21.3 months (95% CI 11.6
months-not estimable; Figure 1C), based on local assess-
ment. The Kaplan—Meier estimate of PFS was 29% (95% ClI
16.8% to 42.8%) at 12 months and 14.8% (95% Cl 5% to
29.5%) at 18 months, whereas OS was 67.8% (95% Cl 50%
to 80.4%) at 12 months and remained the same at 18
months. The main cause of death amongst the 16 patients
(33%) censored as dead was PD (12 patients), whereas the
remaining 2 had other causes of death than toxicity and 2
had unknown reason of death.

Among the 49 eligible patients who were evaluated for
response, 7 (14%) achieved partial response, 26 (53%) had
stable disease (SD), and 13 (27%) had a PD during the trial
period (treatment and follow-up period), as per local
investigator review (Figure 1A). There were no patients with
complete response. Thus, disease control occurred in 67%
(95% Cl 53% to 80%). From the seven patients with a
document response, six achieved a response during treat-
ment and one during the follow-up, and there were two
thymomas and five thymic carcinomas. The median DoR
was 162 days (range 121-378 days).

Treatment with nivolumab

At the time of database lock, from the 54 patients who had
at least one treatment, 45 patients (83%) had stopped and
9 (17%) were still on treatment. The median follow-up was
13.3 months (95% Cl 10.2-16.8 months). The median
treatment duration was 21 weeks (range 2-120 weeks) and
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Progression-free survival

Median Survival Estimates
Event/total (95% CI)* (95% CI)*
Overall survival
16/49 21.3 (11.6-NE) 6 Month: 85.5 (72.0-92.8%)

12 Month: 67.8
(50.0-80.4%)
18 Month: 67.8
(50.0-80.4%)
24 Month: 47.4
(20.7-70.3%)

"Kaplan-Meier method;
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12 Month: 28.6
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24 Month: 20.9 (9.2-35.7%)
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Figure 1. Continued.
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Table 2. Adverse events
All patients (n = 54), n (%)
Event Any grade Grade 1-2 Grade 3 Grade 4 Fatal
Adverse event 22 (40.7) 18 (33.3) 5(9.3) 1(1.9)
Treatment-related AE 44 (81.5) 30 (55.6) 10 (18.5) 4 (7.4) —
Treatment-related AE leading to discontinuation 9 (20)
Treatment-related AE of any grade occurring in >5% or that was grade >3

Anemia 4 (7.4) 3 (5.6) 1(1.9)

Hypothyroidism 3 (5.6) 3 (5.6)

Colitis 2 (3.7) 2 (3.7)

Diarrhea 6 (11.1) 6 (11.1)

Nausea 6 (11.1) 6 (11.1)

Fatigue 19 (35.2) 18 (33.4) 1 (1.9)

Non-cardiac chest pain 2 (3.7) 1(1.9) 1(1.9)

Lung infection 2 (3.7) 1(1.9) 1(1.9)

Alanine aminotransferase increased 6 (11.2) 5(9.3) 1(1.9)

Aspartate aminotransferase increased 7 (13) 6 (11.2)

Lipase increased 2 (3.7) 1(1.9)

Lymphocyte count decreased 3 (5.6) 2 (3.7) 1(1.9)

Platelet count decreased 1(1.9) 1(1.9)

Hypercalcemia 1(1.9) 1(1.9)

Arthritis 2(3.7) 1(1.9) 1(1.9)

Proteinuria 1(1.9) 1(1.9)

Dyspnea 4(7.4) 3 (5.6) 1(1.9)

Pneumonitis 4 (7.4) 3 (5.6) 1(1.9)

Pruritus 6 (11.1) 6 (11.1)

Rash 4(7.4) 4(7.4)

For patients who had an AE of multiple grades, the worst grade is reported. AEs were graded with the use of the Common Terminology Criteria for Adverse Events, version 5.0,
which incorporates certain elements of Medical Dictionary for Regulatory Activities (MedDRA) terminology.

AE, adverse event.

46 (85%) patients received at least 70% of treatment dose.
About 60% of the patients (32 cases) required a treatment
modification defined as at least one cycle on hold (24 cases,
44%) or delayed (22 cases, 41%) or anticipated (2 cases,
4%). Median relative dose intensity was 96%.

In the subset of patients stopped from protocol treat-
ment (45 cases), there was a case completing 1 year of
treatment without a PD; 9 cases (20%) discontinued due to
treatment-related toxicity, 4 cases after patient’s or in-
vestigator’s decision (9%), and 1 case after the diagnosis of
other malignancy. Nonetheless, the majority (30 cases, 67%)
had stopped due to PD.

Safety of nivolumab

All 54 treated patients experienced at least one AE of any
grade, regardless of attribution. The most common AEs
occurring in >20% of the cases were fatigue (24 patients,
44%), dyspnea (14 patients, 26%), nausea, and diarrhea [11
patients (20%) each] (Table 2). More than half of them (32
cases, 59%) experienced at least a grade 3 AE, and 5 cases
(9%) had a grade 4 AE and there was a case of respiratory
failure not related to nivolumab leading to death (grade 5).

A total of 44 patients (81%) reported an AE of any grade
that was considered by the investigator as related to
treatment. The worst of the treatment-related AE was grade
3 in 14 cases (26%) and grade 4 in 4 cases (1 case of neu-
tropenia, 2 cases of myocarditis, and 1 case of trans-
aminitis). There were no lethal treatment-related AEs (grade
5). The most frequent treatment-related AEs occurring in
>10% of patients were fatigue (35%), diarrhea (11%),

6 https://doi.org/10.1016/j.esmoop.2023.101576

nausea (11%), alanine aminotransferase increase (11%), and
pruritus (11%).

Treatment-related AEs led to dose discontinuation in nine
cases and the most common causes were transaminitis or
hepatitis (one patient with grade 2, three patients with
grade 3, and one patient with grade 4), recurring colitis (one
patient with grade 3), pneumonitis (one patient with grade
2), neutropenia (one patient with grade 4), and myocarditis
(one patient with grade 4).

Subsequent therapies

Among the 32 patients who had PD, 13 received at least
one subsequent line of systemic therapy. One patient
without a progression was diagnosed with breast cancer
and underwent surgery and adjuvant treatment. From
those who had a subsequent line, eight patients received
chemotherapy (one case had pemetrexed, three cases
platinum/doxorubicin/cyclophosphamide, one case peme-
trexed/carboplatin, one case platinum/paclitaxel, one case
carboplatin/paclitaxel/etoposide), two patients had tar-
geted therapy (one case had erdafitinib and one case
sunitinib), and six patients had palliative radiotherapy. The
median time from progression to start of subsequent line
was 9.7 weeks (range 1.3-22.9 weeks). There were no pa-
tients receiving immunotherapy after PD.

DISCUSSION

Nivolumab, a PD-1 ICI antibody, showed a potential clinical
activity with an acceptable safety profile as a second-line
monotherapy in patients with type B3 thymomas and
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thymic carcinomas. PFSR-6 was 35% (95% Cl 22% to 50%, P
> 0.05), by central review, and median PFS was 6.2 months
(95% CI 3.1-10.4 months) based on local assessment. DCR
occurred in 67% (95% Cl 53% to 80%). Treatment-related
toxic effects were mainly of grade 1/2 (41%). Although we
have been unable to reach our primary endpoint, NIVO-
THYM adds evidence on the value and safety of ICls tar-
geting PD-1 in type B3 thymomas and thymic carcinomas,
while demonstrating that accrual feasibility is not only
realistic but fast across Europe.

At the time NIVOTHYM was designed, a hypothesis of a
60% PFSR-6 was set up to be considered as a success for the
trial, based on existing data from phase Il studies in the
second-line setting of advanced, refractory thymic malig-
nancies. Sunitinib,* everolimus,’®> chemotherapy as single
agent (pemetrexed,'® amrubicin®’), or combination (carbo-
platin—paclitaxel,*® gemcitabine—capecitabine®®) reported
a median PFS ranging from 8.5 to 12.5 months in thymomas
and 1.1 to 8.7 months in thymic carcinomas. The most
recent phase Il study with palbociclib reported a PFSR-6 of
66% in thymomas and 52% in thymic carcinomas.”’ Lenva-
tinib showed a PFSR-6 >65%.”" Additionally, real-world
data, such as the RYTHMIC network study, reported a
PFSR-6 of 50% and 55% for second- and subsequent-line
therapies, in thymomas and thymic carcinomas, respec-
tively.>*” In a survey about thymic malignancies conducted
through the EORTC network at major European centers, the
reported response rate (RR) in the second-line setting was
20% and the median PFS 4 months.”

Most studies investigating the activity of systemic ther-
apy in thymic cancers chose response as their primary
endpoint.”*?° In the majority of these trials, RR ranged
from 5% to 41% in thymomas and 8% to 38% in thymic
carcinomas based on investigator assessment.”*?° None-
theless, response may not be the optimal endpoint in
thymic malignancies: the ‘challenging’ location of lesions in
the mediastinum or the pleura precludes reproducible
assessment, while the slow growth of many thymomas
exhibiting an SD as best response is something ‘hardly’
considered as an objective efficacy by systemic therapy. In
NIVOTHYM, response was assessed based on central
radiological review, with ORR achieved in 12% (95% Cl 5% to
25%) of patients, and disease control in 63% (95% Cl 48% to
77%). Given the advanced disease setting and the expected
enrolment of a majority of patients with thymic carcinoma,
we assessed response based on RECIST 1.1, without taking
into account modified criteria.?* Similarly, in phase I trials
of pembrolizumab in thymic carcinomas®® and in type B3
thymomas and thymic carcinomas,?® or nivolumab in thymic
carcinomas,”’ response rates ranged from 0% to 23%.

The efficacy of nivolumab is in line with other trials
assessing anti-PD-1 ICIs in advanced, refractory thymic
malignancies, although the PFSR-6 appears to be lower. In
phase Il trials with pembrolizumab and nivolumab, median
PFS was 3.8-6.1 months and PFSR-6 50%-55%, while in this
study they were 6.2 months and 35%, respectively.”>’ The
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discrepancy between the endpoint of PFSR-6 and the
Kaplan—Meier estimate at 6 months can be explained by
the endpoint definitions and the underlying statistical
analysis methodology. Based on the definition of PFSR-6, for
patients having no adequate disease assessment at 6
months, the next scan was used to evaluate the disease
status. As a result, for patients who lost primary disease
assessment at 6 months, if a progression was declared on
the next scan, this was considered as an event for the
endpoint of PFSR-6. In the Kaplan—Meier analysis, however,
time was taken into account and as a result, the 6-month
PFS estimate did not include events occurring past 6
months.

Ultimately, a prolonged follow-up is required to fully
assess the actual proportion of patients deriving a long-
term benefit from immunotherapy, which may be higher
compared to other available therapeutic systemic treatment
options. This is especially plausible, if considering the
indolent growth rate of thymomas even in the advanced,
refractory setting. In NIVOTHYM, after a median follow-up
of 13.3 months, median OS was 21.3 months, suggesting
that the majority of patients were alive in a situation of
disease control or receiving a subsequent line of treatment.
At the last follow-up, 14 out of 33 (42%) alive patients
received or were receiving further treatment. In one of the
pembrolizumab trials, Giaccone and Kim reported a median
0S of 25.4 months and a 5-year OS of 18%.%® Interestingly, a
plateau was observed on survival curves, suggesting that
these patients may achieve a durable clinical benefit
without any subsequent therapy or some may have also
been rechallenged after discontinuation.

In NIVOTHYM, nivolumab monotherapy demonstrates a
manageable toxicity profile for the majority of patients.
About one to four patients (26%) experienced a grade 3
immune-related AE, with four cases having a grade 4
treatment-related AE (two cases of myocarditis and one
case of transaminitis and neutropenia each). In line with
this, trials with pembrolizumab reported AEs of grade 3-4 in
~35% of the population, the most common related to
hepatitis/transaminitis and myocarditis.>>?’ They addition-
ally reported cases of polymyositis, pancreatitis, diabetes
mellitus type 1, bullous pemphigoid,”® as well as thyroiditis,
glomerulonephritis, colitis, and subacute myoclonus. Based
on these data, a rigorous pre-treatment and on-treatment
assessment was included, leading investigators to adopt a
more proactive and close monitoring.

The role of immunotherapy in thymic epithelial tumors
remains controversial. The National Comprehensive Cancer
Network (NCCN) guidelines integrated pembrolizumab as a
second-line treatment option for thymic carcinomas, but
not in thymomas. The most recent Italian guidelines
recommend patients to be enrolled in clinical trials, if
available on sunitinib, while in thymomas, chemotherapy
remains the mainstay.?>° The controversy stems from the
challenging benefit—risk ratio and the inherent differences
in biology between thymic carcinomas and thymomas. In
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thymic carcinomas, the aggressiveness of the disease, the
rapid resistance to chemotherapy, and the lower risk of
immune-related AEs may lead to consideration of immu-
notherapy as the most appropriate second-line therapeutic
option.?® This is not the case for thymomas, which are
frequently associated with autoimmune disorders inde-
pendently from exposure to immunotherapy’ and are
exacerbated by other antitumor agents.’* There are
numerous reports of severe toxicities, frequently leading to
death in type Bl or B2 tumors treated with immuno-
therapy.233? These subtypes were therefore excluded in
NIVOTHYM, which focused on type B3 thymoma and thymic
carcinomas. An additional work remains crucial for identi-
fying those patients most likely to develop serious immune-
related AEs, alongside with those most likely to benefit.

Another challenge from a clinical standpoint is to ascer-
tain a correct and accurate pathological diagnosis before
considering immunotherapy as a treatment option for
thymic malignancies. The high frequency of discrepant di-
agnoses between initial assessment and expert review,> as
well as the high intra-observer variability, highlights the
importance of a systematic pathological review and it is
recommended by the European Society for Medical
Oncology (ESMO) clinical practice guidelines.

In line with this, the differential diagnosis between thymic
and lung carcinomas is also critical given the different ther-
apeutic strategies in regard to immunotherapy.

Despite previous data correlating response to pem-
brolizumab with PD-L1 expression in thymic carcinoma,?>*°
PD-L1 should probably not be considered as a predictor of
efficacy for immunotherapy in thymic epithelial tumors. It is
rather a hallmark of any epithelial cell originating from the
thymus, thus not reflecting the presence of antitumor im-
mune response.“'35 Predictive and prognostic biomarkers
related to immunotherapy are currently lacking in thymic
malignancies, underscoring the important role of trans-
lational research. Translational material banked from our
study will facilitate this important future work.

Ultimately, ICls targeting PD-1/PD-L1 show promising
efficacy in thymic carcinomas, thus adding an option for
patients. NIVOTHYM showed that nivolumab could be a
potential option more than routine standard of care in re-
fractory type B3 thymoma or thymic carcinoma, although
our results did not reach statistical significance (P > 0.05).
Our efficacy figures are in line with other available treat-
ments in advanced, refractory disease. Toxicity is a major
concern, with a higher prevalence of severe autoimmune
AEs compared to other solid tumors. Our results are
consistent with the safety findings of other trials, with
nivolumab producing primarily manageable low-grade tox-
icities, with a few high-grade toxicities affecting liver and
myocardium. Therefore, nivolumab should not be routinely
delivered without full discussion of expected benefit versus
the potential risks. Future trials on ICls for thymic malig-
nancies [NIVOTHYM, cohort 2 of nivolumab plus ipilimu-
mab, CAVEATT with avelumab plus axitinib (EUDRACT, 2017-
004048-38),36 PECATI with pembrolizumab plus lenvatinib
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(NCT04710628)%’] will shed more light related to the role of
immunotherapy in epithelial tumors.

ACKNOWLEDGEMENTS

The study was promoted by the European Organisation for
Research and Treatment of Cancer (EORTC) and the European
Thoracic Oncology Platform, conducted by EORTC. We thank
the patients and their families for making this study possible,
and the investigators (Supplementary Appendix, available at
https://doi.org/10.1016/j.esmoop.2023.101576) and clinical
study teams who participated in the study.

FUNDING

Representatives of the funder—Bristol Myers Squibb—
contributed to the study design, but the study was
subsequently conducted independently at EORTC, which
organized site selection, patient recruitment, maintenance
of the database, and statistical analyses. All authors had
access to the data and had responsibility for the decision to
submit the article for publication. The corresponding author
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

DISCLOSURE

EX: all support for the present manuscript: medical writing,
data analysis. SP: consulting fees from Amgen, AstraZeneca,
Bayer, Beigene, Blueprint, BMS, Boehringer, Ingelheim, Daii-
chi Sankyo, Guardant Health, Incyte, Janssen, Lilly, Merck
Serono, MSD, Novartis, Roche, Takeda, Pfizer, Seattle Ge-
netics, Turning Point Therapeutics, EQRx. Payment or hono-
raria from: AstraZeneca, Bayer, Guardant Health, Janssen,
Merck Serono, Roche, Takeda, Pfizer. Payment for expert
testimony from Roche, Merck Serono. Support for attending
meetings and/or travel from Janssen, Roche. Advisory Board
as per consulting fees. Leadership or fiduciary role in other
board, society, committee, or advocacy group, paid or unpaid:
British Thoracic Oncology Group, ALK Positive UK, Lung
Cancer Europe, Ruth Strauss Foundation, Mesothelioma
Applied Research Foundation, ETOP-IBCSG Partners Foun-
dation Board. SC: payment or honoraria from BMS. Partici-
pation on a Data Safety Monitoring Board or Advisory Board
from BMS. TB: Advisory Board for Bayer, Janssen, and Roche.
ACT: grants, personal fees, and non-financial support from
Roche, personal fees and non-financial support from Astra
Zeneca, personal fees and non-financial support from MSD,
grants, personal fees and non-financial support from BMS,
during the conduct of the study; personal fees and non-
financial support from Novartis, personal fees and non-
financial support from Vifor Pharma, personal fees from
Boehringer Ingelheim, grants, personal fees, and non-
financial support from Pfizer, personal fees and
non-financial support from Amgen, personal fees and non-
financial support from Takeda, outside the submitted work.
SP: support for the present manuscript from Astra Zeneca,
funding to institution to support study conduct; medical
writing support (no direct transfer of funds). Principal

Volume 8 m Issue 3 m 2023


https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576

N. Girard et al.

investigator in trials (institutional financial support for clinical
trials) sponsored by Amgen, AstraZeneca, Beigene, Bristol-
Myers Squibb, GSK, Merck Sharp and Dohme, Roche/Gen-
entech. All fees to institution. Consulting fees from: AbbVie,
AIiCME, Amgen, Arcus, AstraZeneca, Bayer, Beigene, Biocartis,
Biolnvent, Blueprint Medicines, Boehringer Ingelheim,
Bristol-Myers Squibb, Clovis, Daiichi Sankyo, Debiopharm,
ecancer, Eli Lilly, Elsevier, F-Star, Fishawack, Foundation
Medicine, Genzyme, Gilead, GSK, Illumina, Imedex, IQVIA,
Incyte, Ipsen, iTeos, Janssen, Medscape, Medtoday, Merck
Sharp and Dohme, Merck Serono, Merrimack, Novartis,
Novocure, OncologyEducation, Pharma Mar, Phosplatin
Therapeutics, PER, Peerview, Pfizer, PRIME, Regeneron, RMEI,
Roche/Genentech, RTP, Sanofi, Seattle Genetics, Takeda,
Vaccibody. Payment or honoraria for lectures, presentations,
speakers bureaus, manuscript writing, or educational events:
AIiCME, AstraZeneca, Boehringer Ingelheim, Bristol-Myers
Squibb, ecancer, Eli Lilly, Foundation Medicine, Illumina,
Imedex, Medscape, Merck Sharp and Dohme, Mirati,
Novartis, Peerview, PER, Pfizer, Prime, Roche/Genentech,
RTP, Sanofi, Takeda. Support for attending meetings and/or
travel: AstraZeneca, Bristol-Myers Squibb, Daiichi Sankyo, Eli
Lilly, Merck Sharp and Dohme, Novartis, Pfizer, Roche/Gen-
entech, Takeda. Participation on a Data Safety Monitoring
Board or Advisory Board: AbbVie, Amgen, Arcus, AstraZe-
neca, Bayer, Beigene, Biocartis, Biolnvent, Blueprint Medi-
cines, Boehringer Ingelheim, Bristol-Myers Squibb, Clovis,
Daiichi Sankyo, Debiopharm, Eli Lilly, F-Star, Foundation
Medicine, Genzyme, Gilead, GSK, lllumina, Incyte, iTeos,
Janssen, Merck Sharp and Dohme, Merck Serono, Merrimack,
Novartis, Novocure, Pharma Mar, Phosplatin Therapeutics,
Pfizer, Regeneron, Roche/Genentech, Sanofi, Seattle Ge-
netics, Takeda, Vaccibody. HP: grants or contracts from
Boehringer Ingelheim, Astra Zeneca, Siemens, European
Commission (EU4Health). Payment or honoraria for lectures,
presentations, speaker’s bureaus, manuscript writing or
educational events: Boehringer Ingelheim, Astra Zeneca,
MSD, BMS, Roche, Janssen, Sanofi. Support for attending
meetings and/or travel from Boehringer Ingelheim. Leader-
ship or fiduciary role in EFSUMB, Austrian Society of Roent-
genology. Receipt of equipment, materials, drugs, medical
writing, gifts, or other services from Boehringer Ingelheim.
GR: all support for the present manuscript—provision of
study materials. Support for attending meetings and/or travel
from Roche, Astra Zeneca, MSD, BMS. Participation on a Data
Safety Monitoring Board or Advisory Board from MSD. NG:
grants or contracts from Astrazeneca, Janssen, MSD, BMS.
Consulting fees from Astrazeneca, Roche, Bristol Myers
Squibb, Merck Sharp & Dohme. Payment or honoraria for
lectures, presentations, speaker’s bureaus, manuscript
writing, or educational events from Astrazeneca, Roche,
Bristol Myers Squibb, Merck Sharp & Dohme, Novartis, Pfizer.
Payment for expert testimony from Astrazeneca. Participa-
tion on Roche Data Safety Monitoring Board. AJ: support for
attending meetings and/or travel from Roche ESMO 2022.YP:
employee of EORTC. All other authors have declared no
conflicts of interest.

Volume 8 m Issue 3 m 2023

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. WHO histological

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

. Basse C, Girard N. Thymic tumours and their special features. Eur

Respir Rev. 2021;30:200394.

. Imbimbo M, Maury JM, Garassino M, Girard N, RARECAREnet Working

Group. Mesothelioma and thymic tumors: treatment challenges in
(outside) a network setting. Eur J Surg Oncol. 2019;45:75-80.
classification of tumours of the thymus. In:
Travis WB, Brambilla A, Burke AP, Marx A, Nicholson A, eds. World
Health Organization Classification of Tumours of the Lung, Pleura,
Thymus and Heart. Lyon: 1ARC Press; 2015.

. Merveilleux du Vignaux C, Dansin E, Mhanna L, et al. Systemic therapy

in advanced thymic epithelial tumors: insights from the RYTHMIC
prospective cohort. J Thorac Oncol. 2018;13:1762-1770.

. Imbimbo M, Ottaviano M, Vitali M, et al. Best practices for the man-

agement of thymic epithelial tumors: a position paper by the Italian
collaborative group for ThYmic MalignanciEs (TYME). Cancer Treat Rev.
2018;71:76-87.

. Padda SK, Yao X, Antonicelli A, et al. Paraneoplastic syndromes and

thymic malignancies: an examination of the International Thymic
Malignancy Interest Group retrospective database. J Thorac Oncol.
2018;13:436-446.

. Zander T, Aebi S, Rast AC, et al. Response to pembrolizumab in a

patient with relapsing thymoma. J Thorac Oncol. 2016;11:e147-e149.

. Girard N. Immune checkpoints in thymic epithelial tumors: challenges

and opportunities. Immunooncol Technol. 2019;3:8-14.

Sakane T, Murase T, Okuda K, et al. A comparative study of PD-L1
immunohistochemical assays with four reliable antibodies in thymic
carcinoma. Oncotarget. 2018;9:6993-70009.

Girard N, Basse C, Schrock A, Ramkissoon S, Killian K, Ross JS.
Comprehensive genomic profiling of 274 thymic epithelial tumors
unveils oncogenic pathways and predictive biomarkers. Oncologist.
2022;27(11):919-929.

Radovich M, Pickering CR, Felau |, et al. The integrated genomic
landscape of thymic epithelial tumors. Cancer Cell. 2018;33:244-258.
Schwartz LH, Litiere S, de Vries E, et al. RECIST 1.1-update and clari-
fication: from the RECIST committee. Eur J Cancer. 2016;62:132-137.
Thomas A, Rajan A, Berman A, et al. Sunitinib in patients with
chemotherapy-refractory thymoma and thymic carcinoma: an open-
label phase 2 trial. Lancet Oncol. 2015;16:177-186.

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

Loehrer PJ, Yiannoutsos CT, Dropcho S, et al. A phase Il trial of
pemetrexed in patients with recurrent thymoma or thymic carcinoma.
J Clin Oncol. 2006;24:7079.

Hellyer JA, Gubens MA, Cunanan KM, et al. Phase Il trial of single agent
amrubicin in patients with previously treated advanced thymic ma-
lignancies. Lung Cancer. 2019;137:71-75.

Hirai F, Yamanaka T, Taguchi K, et al., West Japan Oncology Group.
A multicenter phase Il study of carboplatin and paclitaxel for advanced
thymic carcinoma: WJOG4207L. Ann Oncol. 2015;26:363-368.
Palmieri G, Merola G, Federico P, et al. Preliminary results of phase Il
study of capecitabine and gemcitabine (CAP-GEM) in patients with
metastatic pretreated thymic epithelial tumors (TETs). Ann Oncol.
2010;21:1168-1172.

Jung HA, Kim M, Kim HS, et al. A phase Il study of palbociclib for
recurrent or refractory advanced thymic epithelial tumors (KCSG LU17-
21). J Thorac Oncol. 2023;18(2):223-231.

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

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

https://doi.org/10.1016/j.esmoop.2023.101576 9


http://refhub.elsevier.com/S2059-7029(23)00808-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref1
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref2
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref3
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref4
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref5
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref6
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref7
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref8
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref8
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref9
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref10
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref11
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref12
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref12
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref13
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref13
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref14
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref15
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref16
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref17
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref18
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref19
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref20
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref21
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref21
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref21
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref22
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref22
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576

23.

24.

25.

26.

27.

28.

29.

30.

10

Menis J, Girard N, Hasan B, Besse B. Pan-European survey on thymic
malignancies: a collaboration of the EORTC Lung Cancer Group (LCG)
with the RYTHMIC network. Eur J. 2015;51:5604.

Benveniste MF, Korst RJ, Rajan A, Detterbeck FC, Marom EM, Inter-
national Thymic Malignancy Interest Group. A practical guide from the
International Thymic Malignancy Interest Group (ITMIG) regarding the
radiographic assessment of treatment response of thymic epithelial
tumors using modified RECIST criteria. J Thorac Oncol. 2014;9(9 suppl
2):5119-S124.

Giaccone G, Kim C, Thompson J, et al. Pembrolizumab in patients with
thymic carcinoma: a single-arm, single-centre, phase 2 study. Lancet
Oncol. 2018;19:247-255.

Cho J, Kim HS, Ku BM, et al. Pembrolizumab for patients with re-
fractory or relapsed thymic epithelial tumor: an open-label phase II
trial. J Clin Oncol. 2019;37:2162-2170.

Katsuya Y, Horinouchi H, Seto T, et al. Single-arm, multicentre, phase Il
trial of nivolumab for unresectable or recurrent thymic carcinoma:
PRIMER study. Eur J Cancer. 2019;113:78-86.

Giaccone G, Kim C. Durable response in patients with thymic carci-
noma treated with pembrolizumab after prolonged follow-up. J Thorac
Oncol. 2021;16:483-485.

National Comprehensive Cancer Network. Available at https://www.
nccn.org/professionals/physician_gls/pdf/thymic.pdf. Accessed
December 23, 2022.

Conforti F, Marino M, Vitolo V, et al. Clinical management of patients
with thymic epithelial tumors: the recommendations endorsed by the

https://doi.org/10.1016/j.esmoop.2023.101576

31

32.

33.

34,

35.

36.

37.

N. Girard et al.

Italian Association of Medical Oncology (AIOM). ESMO Open. 2021;6:
100188. https://doi.org/10.1016/j.esmoop.2021.100188.

Chen Q, Huang DS, Zhang LW, Li YQ, Wang HW, Liu HB. Fatal
myocarditis and rhabdomyolysis induced by nivolumab during the
treatment of type B3 thymoma. Clin Toxicol (Phila). 2018;56:667-671.
Konstantina T, Konstantinos R, Anastasios K, et al. Fatal adverse events
in two thymoma patients treated with anti-PD-1 immune check point
inhibitor and literature review. Lung Cancer. 2019;135:29-32.

Molina TJ, Bluthgen MV, Chalabreysse L, et al. Impact of expert
pathologic review of thymic epithelial tumours on diagnosis and
management in a real-life setting: a RYTHMIC study. Eur J Cancer.
2021;143:158-167.

Bagir EK, Acikalin A, Avci A, Gumurdulu D, Paydas S. PD-1 and PD-L1
expression in thymic epithelial tumours and non-neoplastic thymus.
J Clin Pathol. 2018;71:6-641.

He Y, Ramesh A, Gusev Y, Bhuvaneshwar K, Giaccone G. Molecular
predictors of response to pembrolizumab in thymic carcinoma. Cell
Rep Med. 2021;2:100392.

Conforti F, Zucali PA, Pala L, et al. Avelumab plus axitinib in unre-
sectable or metastatic type B3 thymomas and thymic carcinomas
(CAVEATT): a single-arm, multicentre, phase 2 trial. Lancet Oncol.
2022;23:1287-1296.

Remon J, Girard N, Novello S, et al. PECATI: a multicentric, open-label,
single-arm phase Il study to evaluate the efficacy and safety of pem-
brolizumab and lenvatinib in pretreated B3-thymoma and thymic
carcinoma patients. Clin Lung Cancer. 2022;23:e243-e246.

Volume 8 m Issue 3 m 2023


http://refhub.elsevier.com/S2059-7029(23)00808-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref23
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref24
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref25
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref25
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref25
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref26
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref26
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref26
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref27
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref27
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref27
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref28
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref28
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref28
https://www.nccn.org/professionals/physician_gls/pdf/thymic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/thymic.pdf
https://doi.org/10.1016/j.esmoop.2021.100188
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref31
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref31
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref31
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref32
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref32
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref32
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref33
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref33
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref33
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref33
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref34
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref34
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref34
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref35
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref35
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref35
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref36
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref36
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref36
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref36
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref37
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref37
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref37
http://refhub.elsevier.com/S2059-7029(23)00808-6/sref37
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576
https://doi.org/10.1016/j.esmoop.2023.101576

	Efficacy and safety of nivolumab for patients with pre-treated type B3 thymoma and thymic carcinoma: results from the EORTC ...
	Introduction
	Materials and methods
	Patients
	Trial design
	Procedures
	Assessments
	Outcomes
	Statistical analysis

	Results
	Patient disposition and characteristics
	Efficacy of nivolumab
	Treatment with nivolumab
	Safety of nivolumab
	Subsequent therapies

	Discussion
	Acknowledgements
	Funding
	Disclosure
	References


