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Abstract

Background: Although immune checkpoint inhibitor treatment for advanced thymic
carcinoma exhibits promising efficacy, factors that affect the efficacy and prognosis, including
metastases sites, remain uncertain.

Objectives: Our study aimed to investigate the determinants of survival among patients with
advanced thymic carcinoma who underwent immunotherapy in real-world settings, with
implications for clinical practice.
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thymic carcinoma patients who lack the opportu-
nity to receive surgical treatment.>% At present,
only the combination of carboplatin and pacli-
taxel is regarded as the first-line standard treat-
ment for advanced thymic carcinoma.”

As the cornerstone of solid tumor treatment,
immunotherapy has transformed the manage-
ment of numerous malignancies. Given the
unique immunological characteristics of the thy-
mus, the efficacy of immunotherapy in advanced
thymic carcinoma patients remains uncertain,
warranting further investigation.811 Thymus-
related immunotherapy has been under progres-
sive development.!2-14 At an open-label phase II
trial, pembrolizumab has shown efficacy in thymic
carcinoma with a partial response (PR) of
19.2%.15 Pembrolizumab has achieved an objec-
tive response rate (ORR) of 22.5% in recurrent
thymic carcinoma.!® Therefore, immunotherapy
has preliminarily demonstrated efficacy and
promise in the treatment of thymic carcinoma.

However, due to the complexity of immune-
microenvironment, different sites of metastases
could manifest the different efficacy of immuno-
therapy in advanced non-small cell lung cancer
patients, which is known as organ-specific effi-
cacy.!”-20 Some studies have found that immuno-
therapy had poor efficacy in advanced non-small
cell lung cancer patients with liver metastases.21-23
However, whether a similar outcome can be
observed in advanced thymic carcinoma patients
is uncertain.

Therefore, the present study aimed to explore
whether liver metastases can influence the effi-
cacy of immunotherapy in advanced thymic car-
cinoma patients.

Methods

Patient eligibility

Patients with advanced thymic carcinoma who
received immunotherapy as the first-line or fur-
ther treatment were recruited at the Zhejiang
Cancer Hospital, Zhejiang Provincial People’s
Hospital, The First Affiliated Hospital of Zhejiang
University, Fujian Cancer Hospital, The Second
Affiliated Hospital of Guilin Medical University,
Lishui Municipal Central Hospital, and Hunan
Cancer Hospital. At the same time, the patients
were also diagnosed with liver metastases. The
histological diagnosis for patients with thymic

carcinoma was performed in accordance with the
criteria outlined by the National Comprehensive
Cancer Network (NCCN) guidelines. The condi-
tions for thymic carcinoma patients were con-
firmed using computed tomography or magnetic
resonance imaging. Bone scans were carried out if
bone metastases were present. The performance
status of patients who were able to tolerate immu-
notherapy without appearing severely hepatic or
experiencing renal dysfunction could be accepted.
Patients with severe immune deficiency and auto-
immune diseases who were unable to receive the
systematic treatment were excluded. In addition,
patients with other malignancies and those who
received prior immunotherapy treatments were
not incorporated into the study. The current
study was approved by the institutional review
board of the Zhejiang Cancer Hospital and each
investigation site (IRB-2022-63). The study was
performed in accordance with the Declaration of
Helsinki. Individual consent was waived due to
the nature of this retrospective study. The report-
ing of this study conforms to the statement of
ESMO Guidance for Reporting Oncology real-
world evidence.?*

Treatment methods

Patients diagnosed with thymic carcinoma under-
went immunotherapy treatment that included
different programmed death receptor 1 (PD-1)
inhibitors, such as camrelizumab, nivolumab,
pembrolizumab, sintilimab, tislelizumab, and
toripalimab. Different PD-1 inhibitor doses were
in accordance with the NCCN guidelines. Some
drug dosage recommendations were obtained
from prior clinical trials. The immune-combina-
tion therapy with other schemes, such as chemo-
therapy and antiangiogenic therapy, was also
included in the analysis. Combined chemother-
apy regimens utilized several agents. The nab-
paclitaxel dose was 130 mg/m? on days 1 and 8 or
260 mg/m?2 on day 1, followed by carboplatin with
an area under the curve (AUC) of 5mg/mL/min
(per Calvert formula) on day 1 with a dose of
75mg/m2 every 3weeks and 200-225mg/m?
paclitaxel plus carboplatin with AUC of 5mg/
mL/min or 75 mg/m?2 carboplatin on day 1. The
DP regimen included docetaxel (70mg/m?) in
addition to cisplatin (75mg/m?) every 3weeks.
The EP regimen included administration of
etoposide (100 mg/m?) on days 1-3 in addition to
one cycle of cisplatin (75 mg/m?2) every 3 weeks.
The gemcitabine dose was 1.5 g/m? on days 1 and
8. The tegafur gimeracil dose was 40—60 mg twice
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a day. Antiangiogenic therapy schemes consisted
of anlotinib and apatinib administered at respec-
tive doses of 10 and 250mg daily. Other drug
doses were in accordance with the NCCN
guidelines.

PD-L1 assessment by immunohistochemistry

The PD-L1 (programmed death ligand 1) expres-
sion was assessed using PD-LL1 22C3 pharmDx
(Agilent Technologies, Santa Clara, CA, USA).
The intensity of membrane staining reflects the
degree of PD-L1 expression, which defines the
tumor proportion score >0%. The PD-L1 expres-
sion data were obtained from the pathology
reports. The immunohistochemistry results were
confirmed by a professional pathologist.

Response

The tumor response was assessed according to
the Response Evaluation Criteria in Solid Tumors
(RECIST 1.1).25 The response assessment was
carried out every two cycles. The response condi-
tion was also evaluated if significant signs of dis-
ease progression were present or in cases of
toxicity intolerance. The ORR consisted of com-
plete response (CR) and PR. The disease control
rate (DCR) included CR, PR, and stable disease
(SD).

Follow-up

All of the patients were evaluated in terms of their
response, progression-free survival (PFS), and
overall survival (OS). PFS was defined as the time
from the first day of immunotherapy treatment to
verified disease progression or death for any reason.
OS was calculated from the first immunotherapy
dose administration to death or the last follow-up.
The last follow-up time was 31 March 2023.

Statistical analysis

Kaplan—Meier analysis was used to conduct the
survival analysis and to generate the survival
curves. Difference comparison between groups
was performed using the log-rank test. The
Statistical Package for Social Sciences software
(version 25; IBM, Armonk, NY, USA) and
GraphPad Prism software (Version 9; GraphPad
Software, San Diego, CA, USA) were used to
analyze the statistical data. Cox proportional haz-
ards model was used to evaluate the factors influ-
encing PFS and OS by calculating the hazard

ratios (HRs) and 95% confidence intervals (CIs).
Two-sided p-values of <0.05 were regarded as a
sign of statistical significance.

Results

Patient characteristics

A total of 136 patients from 7 different hospitals
were included in the study. Specific patient char-
acteristics are listed in Table 1. The performance
status for all patients ranged from 0 to 1. Male
and female patients accounted for 65.4% (n=289)
and 34.6% (n=47) of the cohort, respectively.
The median age of all patients was 57years
(range: 19—71 years). Histological analysis showed
that the majority of patients had squamous carci-
noma (79.4%; n=108). Fifty-seven patients had
a history of smoking. A total of 50 patients
received immunotherapy as the first-line treat-
ment, while 63.2% (n=86) of patients received
latter-line therapy. In the first-line treatment
group, 5 patients received mono-immunotherapy,
and 45 patients received combination therapy. In
the latter-line treatment group, 41 patients
received mono-immunotherapy, and 45 patients
received combination therapy. Overall, 20
patients expressed PD-L1, and only 3 patients
did not. In addition, 113 patients did not undergo
PD-L1 expression detection tests. Among all
advanced thymic carcinoma patients, 42 (30.9%)
experienced liver metastases before the initial
immunotherapy treatment. The remaining
patients did not have liver metastases (n=94).
Detailed information about patients with liver
and non-liver metastases is provided in Table 2.
Baseline-level sex, age, smoking history, histology
results, previous therapy conditions, and PD-L1
expression data were not different between the
two groups. The therapy line was different
between the liver and non-liver metastases groups.
The subgroups were formed based on different
therapy lines for subsequent survival analyses.

Clinical efficacy

The ORR values were significantly different
between patients with liver and non-liver metas-
tases [11.9% wersus 37.2%, p=0.003; Figure
1(a)]. The DCR values were also significantly dif-
ferent between advanced thymic carcinoma
patients with liver and non-liver metastases
[47.6% wversus 80.9%, p=0.037; Figure 1(b)]. In
the liver metastases group, only 5 patients
achieved a PR, and 22 patients remained at SD.
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Table 1. Baseline characteristics for all thymic
carcinoma patients.

Table 1. (Continued)

Characteristics Thymic carcinoma

Characteristics

Thymic carcinoma patients (n=136)

patients (n=136)

Sex
Male
Female
Age
Median
Range
<65
=65
Smoking history
Former
Never
Histology

Squamous carcinoma

Non-squamous carcinoma

ECOG PS
0-1

Previous surgery
Yes
No

Previous radiotherapy
Yes
No

Previous chemotherapy
Yes
No

Immunotherapy mode
Monotherapy

Combination therapy

No. %
No. %
Therapy line
First-line therapy 50 36.8
89 65.4
Latter-line therapy 86 63.2
47 34.6
Extrathoracic metastases
Yes 73 53.7
57
No 63 46.3
19-71
Liver metastases
111 81.6
Yes 42 30.9
%5 s No 94 69.1
PD-L1 expression
57 41.9 Yes 20 14.7
Unknown 113 83.1
108 79.4 ECOG PS, Eastern Cooperative Oncology Group
performance status.
28 20.6
PD occurred in 15 patients in the liver metastases
136 100 group. A total of 35 patients experienced a PR
and 41 patients remained at SD in the non-liver
metastases group, while 18 patients had a PD. In
42 30.9 the first-line therapy group, the ORR was not sig-
nificantly different between groups of patients
94 69.1 with liver and non-liver metastases (33.3% wversus
48.8%, p=0.636). The DCR also did not show
significant differences in these groups (66.7%
54 39.7 versus 85.4%, p=0.399). In the latter-line ther-
apy, the ORR was significantly different between
82 60.3 thymic carcinoma patients with liver and non-
liver metastases (6.1% versus 28.3%. p=0.012).
The distinction in DCR between patients with
92 67.6 liver and non-liver metastases was not obvious
(63.6% wversus 77.4%, p=0.168; Table 3).
A 32.4
Survival
46 33.8 The PFS for all cohorts was 6.4months, while
the OS was 24.0months. The PFS for patients
90 66.2 . . .
with liver metastases revealed poor immunother-
(Continued] apy efficacy compared to those with non-liver

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Y Hao, M Xu et al.

Table 2. Characteristics of advanced thymic carcinoma patients with liver metastases or not.

Characteristics Liver metastases (n1=42)  Not liver metastases (n=94) p-Value
No. % No. %

Sex 0.562
Male 26 61.9 63 67.0
Female 16 38.1 31 33.0

Age 0.540
<65 33 78.6 78 83.0
=65 9 21.4 16 17.0

Smoking history 0.821
Former 17 40.5 40 42.6
Never 25 59.5 54 57.4

Histology 0.124
Sgquamous carcinoma 30 71.4 78 83.0
Non-squamous carcinoma 12 28.6 16 17.0

Previous surgery 0.697
Yes 12 28.6 30 31.9
No 30 71.4 b4 68.1

Immunotherapy mode 0.137
Monotherapy 18 42.9 28 29.8
Combination therapy 24 57.1 66 70.2

PD-L1 expression 0.538
Yes 5 11.9 15 16.0
No 1 2.4 2 2.1
Unknown 36 85.7 77 81.9

Therapy line 0.013
First-line therapy 9 21.4 41 43.6
Latter-line therapy 33 78.6 53 56.4

metastases [3.0 wversus 8.0months, p<<0.0001;
Figure 2(a)]. The OS was also significantly dif-
ferent between patients with liver and non-liver
metastases [16.1 wversus 29.1 months, p=0.009;
Figure 2(b)]. In the first-line therapy group,
there was an obvious difference in PFS for immu-
notherapy patients with liver and non-liver
metastases [6.1 wversus 12.3months, p=0.005;

Figure 2(c)]. The OS was not different among
the first-line immunotherapy patients [not
reached wersus 38.0months, p=0.097; Figure
2(d)]. In the latter-line therapy, similar PFS
results were achieved, showing an obvious differ-
ence in PFS for immunotherapy patients with
liver and non-liver metastases [3.0 oversus
5.6 months, p=0.002; Figure 2(e)]. The OS for
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Response of patients with liver metastases or not

Figure 1. Response of advanced thymic carcinoma patients with liver metastases and non-liver metastases
to immunotherapy treatment. Outcomes were statistically different for (a) ORR between liver metastases
and non-liver metastases (11.9% versus 37.2%, p=0.003). (b) DCR between liver metastases and non-liver

metastases (47.6% versus 80.9%, p=0.037).

DCR, disease control rate; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

Table 3. Response rates for the intent-to-treat thymic carcinoma population with different therapy lines.

Therapy line Response rates Liver metastases Non-liver metastases  p-Value
No. % No. %
First-line therapy Overall response 3 33.3 20 48.8 0.636
Complete response 0 0 0 0
Partial response 3 33.3 20 48.8
Stable disease 3 33 15 36.6
Progressive disease 3 33.3 6 14.6
Latter-line therapy Overall response 2 6.0 19 28.3 0.012
Complete response 0 0 0 0
Partial response 2 6.0 15 28.3
Stable disease 19 57.6 26 491
Progressive disease 12 36.4 12 22.6

patients receiving immunotherapy was not differ-
ent in the latter-line therapy group of liver and
non-liver metastases [16.1 versus 22.8 months,
p=0.125; Figure 2(f)]. For mono-immunother-
apy, PFS manifested differences in patients with
liver metastases and non-liver metastases [2.0
versus 4.9 months, p=0.014; Figure 2(g)]. For
mono-immunotherapy, OS did not manifest the

differences in patients with liver metastases and
non-liver metastases [14.0 versus 29.1 months,
p»=0.346; Figure 2(h)]. For patients with liver
metastases in the latter-line therapy group, PFS
was different between the other therapy group
and immunotherapy combined with antiangio-
genic therapy group [2.2 wersus 6.8 months,
p»=0.088; Figure 3(a)]. The OS for patients
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Figure 3. Kaplan-Meier estimates of PFS and 0S. (a) PFS differences in advanced thymic carcinoma patients
treated using other therapy and immunotherapy combined with antiangiogenic therapy in latter-line therapy
group (2.2 versus 6.8 months, p=0.088). (b) OS differences in advanced thymic carcinoma patients treated using
other therapy and immunotherapy combined with antiangiogenic therapy in latter-line therapy group (15.7

versus 23.7 months, p=0.895).

ICls, immune checkpoint inhibitors, OS, overall survival; PFS, progression-free survival.

with liver metastases in the latter-line therapy
group was not different between the other ther-
apy group and immunotherapy combined with
antiangiogenic therapy group [15.7 versus
23.7 months, p=0.895; Figure 3(b)].

The PFS data for all patients with liver metastases
are represented in Figure 4. Different PD-L1
expression conditions for advanced thymic carci-
noma patients with liver metastases are also
shown in Figure 4, as well as the condition of
combined metastasis sites. PFS for advanced
thymic carcinoma patients with, without, and
with unknown PD-L1 expression was different
(6.1 versus 2.2months, p=0.600; Supplemental
Figure S1). PFS was different for advanced
thymic carcinoma patients in the combined other
sites of metastases group and only liver metasta-
ses group (3.0 versus 4.6 months, p=0.029;
Supplemental Figure S2).

Subsequent multivariate PFS analysis evaluated
sex, age, radiotherapy, surgery, PD-LL1 expres-
sion, liver metastases, therapy line, and therapy
mode data. The results showed that liver metasta-
ses, therapy lines, and therapy mode influenced
the PFS. Liver metastases also influenced the
PFS (p=0.001, HR, 2.254; 95% CI, 1.400-
3.627). Multivariate OS analysis explored sex,
age, smoking, radiotherapy, PD-L.1 expression,
liver metastases, therapy line, and therapy mode
data. The results showed that liver metastases

and therapy lines influenced the OS. The HRs for
liver metastases and therapy lines were 1.915
(95% CI, 1.071-3.425; p=0.028) and 1.973
(95% CI, 1.026-3.795; p=0.042), respectively.
Multivariate analysis results were also represented
as forest maps in Figure 5(a) and (b).

Discussion

The present study, with the largest sample size,
explored the efficacy of immunotherapy in
advanced thymic carcinoma patients with liver
metastases. The study results showed a signifi-
cant difference in PFS and OS in advanced
thymic carcinoma patients with liver and non-
liver metastases. The present study first explored
the survival differences in advanced thymic carci-
noma patients with specific organ metastases who
underwent immunotherapy.

There are few reports on thymus-related immune
response and antitumor treatment that explored
the efficacy of immunotherapy in advanced
thymic epithelial tumors. Some research studies
have demonstrated the efficacy of immunother-
apy in thymic carcinoma and thymoma
patients.1%:16:26:27 The PFS values for these cohorts
of thymic carcinoma patients were 6.1, 4.2, and
3.8 months, respectively. Giaccone ez al.l® and
Cho et al.’> have described 15 (38%) and 10
(38.5%) thymic carcinoma patients with liver
metastases, respectively. However, these studies
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Figure 4. Swimmer's plot showing PFS for all advanced thymic carcinoma patients with liver metastases
receiving immunotherapy and details of other combined sites of liver metastases.

PFS, progression-free survival.

did not analyze whether there was a difference in
immunotherapy efficacy in thymic carcinoma
patients with and without liver metastases. Some
studies in non-small cell lung cancer or mela-
noma patients receiving immunotherapy have
demonstrated poor efficacy in individuals with
liver metastasis, which may have been associated
with the lack of T cell infiltration, especially
CD8+ T cells.!82829 The PFS for immunother-
apy in non-small cell lung cancer patients with
liver metastasis was only 1.8 months, which was
similar to that in melanoma patients.18:30 Qur pre-
vious study has shown a difference in OS for
chemotherapy in 61 thymic carcinoma patients
with and without liver metastasis (12.4 wversus
24.8months, p=0.118).31 Subsequently, our
team performed a study with the largest sample
size in China to analyze the efficacy of immuno-
therapy in advanced thymic carcinoma patients,
which confirmed that liver metastasis was an
independent prognostic factor for PFS.32 The
study involved 18 advanced thymic carcinoma

patients (23.4%) with liver metastasis, which
showed poor immunotherapy efficacy and a PFS
of 1.8 months.3?? In order to confirm whether liver
metastasis influences the survival of advanced
thymic carcinoma patients receiving immuno-
therapy, the present study involved patients into
analysis. Patients with liver metastases accounted
for 30.9% (n=42) of the cohort, which was the
largest sample size compared to other research
studies in relevant fields. PFS for patients with
liver metastasis was only 3.0months. Thus, the
present study results further confirmed that liver
metastases were associated with poor immuno-
therapy efficacy in advanced thymic carcinoma
patients.

According to previous research, liver sustains the
immune-suppression microenvironment, which
may produce immune tolerance and influence the
efficacy of immunotherapy.3® The microenviron-
ment can be heterogeneous in different metastases
sites in the same patient receiving homogenous
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Subgroup Patients(No.) p value HR(95%CI) Subgroup Patients(No.) p value HR(95%CI)

Sex Sex

Male 89 Male 89

Female 47 0.724 —_— 1.081(0.700-1.670) Female 47 0.21 —— 1.482(0.801-2.743)

Age Age

>=65 25 >=65 25

<65 11 0.716 —— 0.899(0.507-1.594) <65 111 0.13 — 1.723(0.851-3.487)

Radiotherapy Smoking

No 82 No 79

Yes 54 0.147 ——— 1.410(0.887-2.241) Yes 57 0.232 — 0.690(0.376-1.267)

Surgery Radiotherapy

No 94 No 82

Yes 42 0.658 — 0.896(0.551-1.457) Yes 54 0.092 =i 0.593(0.322-1.089)

PD-L1 expression PD-L1 expression

No or unknown 116 No or unknown 116

Yes 20 0.284 —_— 0.735(0.418-1.291) Yes 20 0326 +=—i 0.642(0.265-1.555)

Liver metastases Liver metastases

No 94 No 94

Yes 42 0.001 ——s——  2.254(1.400-3.627) Yes 42 0.028 —_— 1.915(1.071-3.425)

Therapy line Therapy line

First-line therapy 50 First-line therapy 50

Latter-line therapy 86 0.039 —_—— 1.645(1.026-2.639) Latter-line therapy 86 0.042 ——  1.973(1.026-3.795)

Therapy mode Therapy mode

Monotherapy 46 Monotherapy 46

Combination therapy 90 0.049 -— 0.635(0.404-0.998) Combination therapy 90 0.357 —_— 0.751(0.409-1.381)

] 1 2 3
Hzard Ratio(HR)

[l 1 2 3
Hzard Ratio{HR)

Figure 5. Forest plots (a) and (b] of potential factors affecting PFS and OS in advanced thymic carcinoma patients receiving
immunotherapy and results of multivariable analysis using a Cox proportional hazards model.

systematic treatment.3* Tissue differences can also
affect immunotherapy, which is the most impor-
tant factor influencing its efficacy.3> However,
specific molecular mechanisms causing the differ-
ences in survival based on liver metastasis remain
uncertain and should be explored in the future.

Our previous study has shown that antiangiogenic
therapy exhibited promising efficacy in advanced
thymic carcinoma patients.?¢ Specifically, apat-
inib showed a median PFS of 9.0 months in the
latter-line therapy for patients with recurrent or
metastatic thymic epithelial tumors.3® Related
research studies have assumed that immuno-
therapy combined with antiangiogenic therapy
promotes the antitumor activity and modulates
the immune-microenvironment in patients with
liver metastases.3” Our team has performed a ret-
rospective study using 10 patients with thymic
epithelial tumors receiving immunotherapy com-
bined with antiangiogenic therapy.® The results
showed promising antitumor activity and a PFS
of 6.7 months.38 Similarly, the present study dem-
onstrated a PFS of 6.8 months for immunother-
apy combined with antiangiogenic therapy in the
latter-line therapy group of advanced thymic car-
cinoma patients with liver metastases. Although
advanced thymic carcinoma patients with liver

metastases showed poor immunotherapy efficacy,
the combination therapy with antiangiogenic
therapy may still present a new opportunity for
the latter-line therapy group patients with liver
metastases. More prospective studies are needed
to provide more therapy choices for patients.

There were some limitations in the present study.
First, the retrospective nature of the study was
unavoidable and was necessary to verify therapy
outcomes. Second, the specific molecular mecha-
nism for how liver metastases may influence the
immunotherapy efficacy in advanced thymic car-
cinoma was not analyzed. The results also lacked
the support of basic experiments and translational
research. Finally, there was heterogeneity among
patients in the study. Different gene mutation
conditions that may influence the efficacy and
survival of immunotherapy in thymic carcinoma
patients should be explored in further research
studies.

Conclusion

Immunotherapy demonstrated poor efficacy in
advanced thymic carcinoma patients with liver
metastases. Further exploration of this subject in
a prospective study should be considered.
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