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Abstract
Background and objectives: Atypical thymic carcinoids (ATCs) are rare mediastinal malignancies 
that lack established treatment guidelines. Capecitabine and temozolomide (CapTem) has 
demonstrated significant efficacy in pancreatic neuroendocrine neoplasms (NENs), while its 
applicability and effectiveness in ATCs remain underexplored. This study seeks to investigate the 
efficacy, safety, and prognostic factors associated with CapTem in ATC patients.
Design and methods: Thirty-eight ATC patients treated with CapTem at our center were 
analyzed. We assessed the objective response rate (ORR), disease control rate (DCR), 
progression-free survival (PFS), overall survival (OS), and treatment-related adverse effects. 
We also examined patients’ clinicopathological characteristics and their correlations with 
CapTem efficacy.
Results: The cohort achieved a 15.8% ORR and 89.5% DCR, with a median PFS of 13.0 months. 
Multivariate analysis identified the platelet-to-lymphocyte ratio (PLR) as a significant 
independent prognostic factor for PFS, with a PLR ⩾ 235 associated with shorter PFS 
(7 months vs. undefined, p = 0.0004). Age was an independent prognostic factor for OS, with 
patients over 50 years experiencing shorter OS (36 months vs. undefined, p = 0.015). Safety 
analysis showed rare severe toxicities and no treatment-related fatalities.
Conclusion: CapTem is an effective and well-tolerated treatment for ATC patients. 
Pretreatment PLR and age appear to be potential prognostic markers for CapTem therapy; 
however, these results warrant validation in larger patient cohorts.

Plain language summary
Efficacy, safety and prognostic factors of CapTem in ATCs

Previous studies have demonstrated the effectiveness of the Capecitabine plus 
Temozolomide regimen in patients with pancreatic neuroendocrine neoplasms (NENs), 
but its potential effectiveness in atypical thymic carcinoids (ATCs) remains underexplored. 
The cases presented in our study complement previous retrospective series, reinforcing 
the notion that the CapTem regimen can be a rational and well-tolerated treatment option 
with favorable responses for patients with ATCs. Importantly, our study is the first to 
identify pretreatment platelet-to-lymphocyte ratio (PLR) as an independent prognostic 
biomarker associated with progression-free survival (PFS) in patients with ATCs treated 
with CapTem. We established the optimal cutoff for PLR as 235. Additionally, our findings 
revealed that age over 50 years is an independent adverse prognostic factor for overall 
survival (OS). These findings provide valuable insights for clinicians when selecting patients 
who are more likely to benefit from the CapTem regimen.
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Introduction
Thymic neuroendocrine neoplasms (T-NENs) 
are uncommon malignancies primarily located in 
the anterior mediastinal compartment, constitut-
ing only about 5% of all thymic neoplasms and 
less than 0.5% of all neuroendocrine neoplasms 
(NENs).1–3 T-NENs encompass a spectrum of 
tumors, ranging from well-differentiated neu-
roendocrine tumors (NETs) with low-grade typi-
cal carcinoids (TCs) and intermediate-grade 
atypical thymic carcinoids (ATCs) to the more 
aggressive poorly differentiated small cell neu-
roendocrine carcinomas (SCNECs) and large cell 
neuroendocrine carcinomas (LCNECs).1

According to data from the SEER database, the 
annual incidence of T-NENs is approximately 0.04 
per 100,000 individuals among Asian/Pacific 
Islanders. This incidence is notably lower than that 
of broncho-pulmonary NENs and gastroentero-
pancreatic NENs.2 The rarity of T-NENs has 
resulted in limited large-scale clinical series and 
clinical trials, contributing to a scarcity of consen-
sus statements and treatment guidelines.3 
Furthermore, there is a lack of specific phase III 
trials exclusively dedicated to T-NENs, with avail-
able evidence primarily derived from retrospective 
analyses or extrapolated from the management of 
broncho-pulmonary carcinoids.3 It is crucial to 
note that despite their relative rarity, T-NENs often 
display a more aggressive nature and pose greater 
treatment challenges.4 Approximately 25% of 
T-NENs are associated with multiple endocrine 
neoplasia type 1 (MEN-1), while a significant pro-
portion may exhibit ectopic Cushing’s syndrome or 
both. Consequently, the management of T-NENs 
can be especially complex and multifaceted.4

Surgical resection is widely recognized as the pri-
mary curative method for resectable T-NENs, 
offering the best chance of long-term remission. 
In contrast, for advanced patients with unresect-
able or metastatic disease, chemotherapy, with or 
without the addition of radiotherapy, stands as 
the cornerstone of therapeutic strategies.3 
Historically, streptozocin-based regimens have 
been the primary approach for treating advanced 
NETs, while platinum-based chemotherapy  
regimens remain pivotal in managing poorly 

differentiated neuroendocrine carcinomas.5,6 
However, it is worth noting that there is no com-
pelling evidence supporting the efficacy of either 
regimen in low- or intermediate-grade T-NENs. 
Furthermore, both these treatment approaches 
are associated with significant toxicity and poten-
tial adverse effects. Consequently, there exists a 
pressing clinical demand for the development of 
new chemotherapy regimens that not only dem-
onstrate a favorable treatment response but also 
exhibit a reduced burden of toxicity, especially in 
patients with advanced T-NENs.

Temozolomide, an oral alkylating agent, operates 
with reduced toxicity by inducing DNA methyla-
tion, ultimately triggering apoptosis. This unique 
mechanism is not limited to specific phases of the 
cell cycle, allowing it to inhibit tumor cell growth at 
all stages, even in tumors with a low proliferation 
rate, such as well-differentiated NETs.7 
Capecitabine, on the other hand, serves as an oral 
prodrug of 5-fluorouracil, a thymidylate synthase 
inhibitor. Prior treatment with capecitabine depletes 
the DNA repair enzyme O6-methylguanine DNA 
methyltransferase (MGMT), thereby amplifying 
the impact of temozolomide. The combination of 
capecitabine with temozolomide, often referred to 
as capecitabine and temozolomide (CapTem), is a 
well-established regimen known for its synergistic 
effects. It has consistently shown superior results in 
terms of progression-free survival (PFS) and overall 
survival (OS) compared to temozolomide mono-
therapy.8 In patients with metastatic NENs, the 
CapTem regimen has exhibited significant activity, 
with an objective response rate (ORR) typically 
ranging from 30% to 70% and median PFS extend-
ing from 12 months to 22.7 months.9–12 However, 
due to the rarity of T-NENs, there remains a scar-
city of data regarding the efficacy and safety of 
CapTem in treating this specific condition. 
Numerous critical questions pertaining to the opti-
mal treatment schedule, timing, duration, factors 
associated with improved responses, prolonged PFS 
and OS, and potential long-term side effects remain 
unanswered. Hence, we conducted a retrospective 
analysis to assess the efficacy and safety of the 
CapTem regimen in ATC patients at our center, 
and to explore clinicopathological factors that may 
hold prognostic significance.

Keywords: atypical thymic carcinoids, capecitabine and temozolomide, platelet-to-lymphocyte 
ratio, prognosis
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Materials and methods

Study design and patients
This retrospective study examined records of all 
consecutive patients with T-NENs who under-
went >1 cycle of the CapTem regimen between 
October 2014 and June 2023 at the First Affiliated 
Hospital of Sun Yat-sen University. Eligible par-
ticipants were aged ⩾18 and had histologically 
confirmed T-NENs with measurable disease as 
defined by RECIST 1.1 criteria.13 The tumor-
node-metastasis (TNM) stage was determined 
according to the 8th edition of the AJCC Cancer 
Staging Manual.14 The tumor pathology for each 
case was reviewed by Dr. Yuan Lin, following the 
5th edition of the World Health Organization 
(WHO) Classification of Thoracic Tumors.1 
T-NENs were classified into four categories: TC, 
ATC, SCNEC, and LCNEC. Notably, after an 
extensive review of our in-house database, it was 
found that nearly all T-NEN patients who 
received CapTem at our center were diagnosed 
with ATCs, with no instances of TC, and only 
two cases of LCNEC that received CapTem. To 
minimize confounding factors, this study exclu-
sively included patients diagnosed with ATCs. 
Patients concurrently receiving other anticancer 
therapies such as somatostatin analogs (SSAs), 
targeted agents, additional cytotoxic chemother-
apy, or radionuclide therapy during the CapTem 
treatment period were excluded. Following the 
outlined inclusion and exclusion criteria, a total 
of 38 eligible patients with ATCs were included 
in the subsequent analysis (see Figure 1).

The decision to initiate the CapTem regimen was 
made by our NEN-dedicated multidisciplinary 
tumor boards during our weekly meetings. This 
retrospective investigation received approval from 
the Institutional Ethics Committee for Clinical 
Research of the First Affiliated Hospital of Sun 
Yat-sen University, with approval number 
2023[561]. The reporting of this study conforms 
to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement15 
(Supplemental Table 2).

Chemotherapy administration and patient 
management
The CapTem regimen was administered as fol-
lows: patients received oral capecitabine at a dos-
age of 750 mg/m2 twice daily during days 1–14 of 
a 28-day cycle. Simultaneously, temozolomide 
was administered at a dosage of 200 mg/m2 once 
daily during days 10–14 within the same 28-day 
cycle. This treatment schedule was continued 
until disease progression or the emergence of 
unacceptable toxicity.16 In cases where necessary, 
dosages were adjusted to mitigate the potential for 
high-risk patient toxicity. To minimize the risk of 
digestive tract reactions, patients took antiemetic 
tablets (such as aprepitant, ondansetron, etc.) 
before combining temozolomide. Patients under-
went complete blood count assessments, as well 
as liver and renal function tests before the initia-
tion of each chemotherapy cycle. Additionally, 
they were subjected to regular follow-up exami-
nations at 3-month intervals, which included 

Figure 1. Flow diagram of study population.
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imaging modalities with a contrast-enhanced 
thoracoabdominopelvic computed tomography 
(CT) scan to evaluate the effectiveness of the 
CapTem regimen.

Data collection
For this study, we retrospectively collected an 
array of patient baseline demographics, tumor 
characteristics, functional imaging properties 
from 18F-fluorodeoxyglucose positron emission 
tomography (18FDG-PET) and somatostatin 
receptor imaging (68Ga-DOTATOC PET/CT), 
history of prior treatments, time to initiate the 
CapTem regimen, duration of CapTem adminis-
tration, time to treatment cessation, time to dis-
ease progression, and side effects. These data 
were obtained from the Electronic Medical 
Record and our telephone follow-up records. 
Tumor-to-Liver Uptake Ratio from 18FDG-PET 
and 68Ga-DOTATOC PET/CT was assessed by 
a professional nuclear medicine specialist (Dr. 
Qiao He). MGMT score, which is the sum of 
both intensity and percentage scores, was evalu-
ated by a professional pathologist (Dr. Yuan Lin). 
Intensity of staining was rated as 1 (weak), 2 
(moderate), or 3 (intense). The percentage of 
MGMT positive tumor cells was semi-quantita-
tively scored on a six-tiered scale: 0 (0%), 1 
(⩽1%), 2 (1%–10%), 3 (11%–33%), 4 (34%–
66%), and 5 (>66%). The sum of both intensity 
and percentage scores defined the final score, cat-
egorized as negative (score 0), weak (scores 1–3), 
moderate (scores 4–6), or strong (scores 7–8).11 
To investigate prognostic clinical parameters, 
baseline results of blood routine tests and a panel 
of serum tumor markers were collected, including 
alpha-fetoprotein (AFP), carcinoembryonic anti-
gen (CEA), carbohydrate antigen 125 (CA125), 
squamous cell carcinoma antigen (SCC), carbo-
hydrate antigen 199 (CA199), protein induced by 
vitamin K absence or antagonist II (PIVKA-II), 
neuron-specific enolase (NSE), cytokeratin 19 
fragment (CYFRA21-1), pro-gastrin-releasing 
peptide (ProGRP), lactate dehydrogenase 
(LDH). Neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and lympho-
cyte-to-monocyte ratio (LMR) were calculated 
from blood routine tests. Baseline blood counts 
data and serum tumor markers were defined as 
the most recent blood count within 1 week before 
CapTem initiation and excluded recent infection 
or immunomodulation and connective tissue dis-
ease. Evaluation of tumor responses was con-
ducted according to RECIST 1.1 by an 

experienced radiologist (Dr. Yanji Luo) from our 
NEN-dedicated Multidisciplinary Tumor Boards. 
Clinically favorable responses included stable dis-
ease (SD), partial response (PR), and complete 
response (CR), in contrast to disease progression 
(PD). The ORR was defined as the sum of CR 
and PR rates, while the disease control rate 
(DCR) was defined as the percentage of patients 
achieving CR, PR, or SD. PFS was defined as the 
duration from the initiation of CapTem treat-
ment to either disease progression or death, 
whichever occurred first. OS was defined as the 
time between the initiation of CapTem treatment 
and death from any cause. Tolerance to treat-
ment was assessed according to the Common 
Terminology Criteria for Adverse Events 
(CTCAE) Version 5.0.17

Statistical analysis
Statistical analyses, including descriptive statis-
tics, frequencies, log-rank tests, Kaplan–Meier 
curves, and Cox regression, were conducted using 
the SPSS 25.0 software package (IBM SPSS 
Statistics, Armonk, NY, USA) or GraphPad 
Prism version 8 software (GraphPad, Inc., La 
Jolla, CA, USA), as appropriate. Qualitative vari-
ables were presented as frequencies (percentages) 
and compared using Fisher’s exact test. The asso-
ciation of each factor with PFS or OS was assessed 
using the univariable Cox proportional hazards 
model. Factors for which the hazard ratios (HRs) 
were significant at a level of significance of 0.1 
were subsequently included in a multivariable 
Cox proportional hazard model to identify inde-
pendent factors influencing PFS or OS. For inde-
pendent prognostic factors, a Classification and 
Regression Tree (CART) analysis was performed 
using the rpart package of R software (version 
4.3.1, The R Foundation for Statistical 
Computing, Vienna, Austria) to determine the 
optimal cutoff for the factor, enabling the stratifi-
cation of patients with favorable or unfavorable 
outcomes. PFS and OS curves were generated 
using the Kaplan–Meier method and compared 
using log-rank tests. Differences with p < 0.05 
were considered statistically significant.

Results

Demographics and clinicopathological variables
Table 1 summarizes the demographics and clin-
icopathological characteristics of the patients 
under investigation. The CapTem regimen was 
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Table 1. Baseline patient and tumor characteristics 
of the study cohort.

Characteristics N %

Total 38 100

Gender

 Male 33 86.8

 Female 5 13.2

Age, median (range), year

 At diagnosis 47 (20–66)

 At CapTem initiation 48 (23–66)

Inheritance

 Sporadic 36 94.7

 Familial (MEN1) 2 5.3

Functional status

 Nonfunctioning 34 89.5

 Functioning 4 10.5

TNM

 III 3 7.9

 IV 35 92.1

Ki67 index

 <3% 0 0

 3%–20% 29 76.3

 >20% 9 23.7

Mitosis (2 mm2)

 <2 2 5.3

 2–20 29 76.3

 >20 1 2.6

 NA 6 15.8

MGMT expression

 Negative 1 2.6

 Week 1 2.6

 Moderate 11 28.9

 Strong 16 42.1

 NA 9 23.7

Characteristics N %

Metastatic sites

 None 1 2.6

 Lymph nodes 30 78.9

 Pleura 16 42.1

 Pericardium 8 21.1

 Lung 7 18.4

 Pancreas 7 18.4

 Liver 3 7.9

 Bone 27 71.1

Prior resective surgery

 Yes 17 44.7

 No 21 55.3

Prior radiotherapy

 Yes 14 36.8

 No 24 63.2

Previous systemic treatments

 No prior treatment 18 47.4

 SSA 1 2.6

 Molecular-targeted agents 4 10.5

  Everolimus 2 5.3

  Surufatinib 2 5.3

 Chemotherapy 18 47.4

  Taxel & Cisplatin 1 2.6

   Cyclophosphamide & 
Pirarubicin & Cisplatin

1 2.6

  Docetaxel & Cisplatin 1 2.6

  Etoposide & Cisplatin 14 36.8

   Paclitaxel & Carboplatin 
& Bevacizumab

1 2.6

CapTem line of treatment

 First line (naïve) 18 47.4

 ⩾Second line (pretreated) 20 52.6

CapTem, capecitabine and temozolomide; MGMT, O6-
methylguanine DNA methyltransferase; SSA, somatostatin 
analog; TNM, tumor-node-metastasis.

Table 1. (Continued)

(Continued)
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administered to a total of 38 ATC patients, com-
prising 5 women and 33 men, with a median age 
of 48 years (range 23–66). Of these 38 patients, 
36 had sporadic tumors, while 2 presented with 
familial NENs as part of the MEN-1 syndrome. 
Notably, four patients had functional tumors 
associated with ectopic Cushing’s syndrome. The 
most prevalent sites of ATC metastases included 
peripheral lymph nodes (30 out of 38, 78.9%), 
bone (27 out of 38, 71.1%), and pleura (16 out of 
38, 42.1%). Liver metastases were less common, 
occurring in only 3 out of 38 patients (7.9%). In 
terms of prior surgery history, 17 patients under-
went surgery with curative or debulking intent, 
while 21 patients were considered to have unre-
sectable disease at the time of diagnosis, leading 
them to receive systemic medical treatment. All 
patients initiated CapTem treatment with meta-
static or locally advanced (inoperable) disease, 
with 3 patients categorized as stage III and 35 as 
stage IV. Notably, CapTem was administered as 
the first-line regimen in 18 patients, while pre-
treated patients had undergone various prior 
therapies, including SSAs in one case, molecular-
targeted agents in four cases, and other cytotoxic 
chemotherapy in 18 cases.

Duration of treatment
CapTem treatment continued until one of the 
following conditions occurred: disease progres-
sion, unacceptable toxicity, or the considera-
tion of long-term administration-related 
toxicity despite a favorable response. For the 

entire cohort, the median duration of CapTem 
treatment was 9 months (range 2–15). Notably, 
in 14 patients, the CapTem regimen was 
administered until PD or SD with slow pro-
gression. In two patients, intolerable digestive 
tract side effects led to the discontinuation of 
treatment after 7 and 5 months, respectively. 
Given the absence of evidence-based recom-
mendations regarding the standard duration of 
CapTem treatment, the decision to extend 
treatment cycles beyond 12 months was made 
on a case-by-case basis by our NEN-dedicated 
Multidisciplinary Tumor Boards. Among these 
patients, 13 have received long-term CapTem 
administration for ⩾12 months. In this sub-
group, three patients experienced disease pro-
gression, while the remaining patients 
demonstrated favorable SD without significant 
toxicity.

Overall efficacy
The best treatment response during the adminis-
tration of CapTem was assessed according to 
RECIST version 1.1 based on the patients’ imag-
ing studies during the follow-up visits. In total, 6 
patients (15.8%) exhibited PR, 28 patients 
showed SD (73.7%), and 4 patients had radio-
logical PD (10.5%) (see Figure 2). No patients 
died during the treatment period, and there were 
no cases of CR to CapTem in our cohort. 
However, two patients did show favorable 
responses that allowed for the surgical removal of 
previously unresectable lesions.

Figure 2. Waterfall plot showing the best percentage changes in the sum of target lesions from baseline.
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Favorable responses (PR + SD) showed no statis-
tically significant differences between different 
subgroups (see Table 2). After stratifying patients 
based on their history of prior surgery, it was 
found that favorable response rates were better 
for the group without prior surgery (100%) com-
pared to the group with prior surgery (76.5%), 
with a statistically significant difference 
(p = 0.0322). When stratified by the line of treat-
ment, CapTem administered as first-line treat-
ment yielded a relatively higher ORR than 
second-or later-line treatment (27.8% and 5%, 
respectively, p = 0.083) (see Table 3).

PFS and OS analysis of clinicopathological 
prognostic factors at baseline
The median PFS from the initiation of the 
CapTem regimen in the entire cohort was 
13 months (95% CI, 11.2–14.8 months). We 
assessed the associations of various clinicopatho-
logical factors at baseline (such as age, gender, 
inheritance, functional status, TNM stage, Ki67 
index, mitosis, MGMT expression, fluorodeoxy-
glucose standardized uptake value maximum 
(FDG-SUVmax) of tumor/liver, somatostatin 
analogues standardized uptake value maximum 
(SSA-SUVmax) of tumor/liver, prior surgery, 
line of treatment, metastatic sites, and blood 
parameters) with PFS using univariable Cox 
proportional hazards models. Factors for which 
the hazard ratios and odds ratios were statisti-
cally significant at a significance level of 0.1 were 
subsequently included in a multivariable Cox 
proportional hazard model (see Table 4). 
Ultimately, our analysis revealed that PLR is an 
independent prognostic factor that correlates 
with PFS in patients with T-NEN receiving 
CapTem treatment. An elevated PLR was asso-
ciated with a significant increase in the risk of 
disease progression (HR 3.707, 95% CI: 1.086–
12.654, p = 0.036).

We then applied the CART model to determine 
the optimal cutoff value for PLR, which would 
allow us to classify patients into groups with 
either favorable or unfavorable outcomes. 
Through this analysis, a cutoff value of 235 was 
identified by the CART method to distinguish 
patients with high PLR (PLRhigh) from those 
with low PLR (PLRlow). Subsequent Kaplan–
Meier analysis demonstrated that patients with 
PLRhigh (⩾235) exhibited a significantly shorter 
median PFS compared to patients with PLRlow 
(<235) (7 months vs. undefined, p = 0.0004) 

(see Figure 3). These findings underscore the 
prognostic significance of PLR in ATC patients 
receiving CapTem treatment.

The median OS was not reached in this cohort, 
but there were observed deaths in seven cases 
(18.4%) before the study closeout date. In uni-
variable Cox analysis, it was found that age over 
50 years (HR 15.142, 95% CI: 1.779–128.878, 
p = 0.013), an increased level of CA125 (HR 
1.027, 95% CI: 1.005–1.049, p = 0.015), and ele-
vated CA199 (HR 1.112, 95% CI: 1.108–1.215, 
p = 0.018) were all statistically significantly associ-
ated with shorter OS (refer to Table 5). 
Subsequent multivariable Cox analysis, which 
included the factors identified as significant by 
univariable Cox analysis, revealed that only age 
over 50 years (HR 11.214, 95% CI: 1.189–
105.796, p = 0.035) remained statistically signifi-
cantly associated with shorter OS. Kaplan–Meier 
analysis confirmed these findings by showing that 
patients aged 50 years or older had a significantly 
shorter median OS compared to patients under 
50 years (36 months vs. undefined, p = 0.015) (see 
Figure 4). Therefore, we identify older age 
(⩾50 years) as an independent prognostic factor 
correlated with poorer OS in ATC patients receiv-
ing CapTem treatment.

Toxicity
Table 6 presented the treatment-related adverse 
events that patients experienced during the treat-
ment, graded according to the Common 
Terminology Criteria for Adverse Events, ver-
sion 5.0. In the entire cohort of 38 patients, 16 
(42.1%) experienced some grade of side effects, 
primarily grades 1 and 2. The most common 
grades 1–2 side effects included fatigue, gastro-
intestinal symptoms (anorexia, nausea, vomit-
ing, constipation), hematological complications 
(neutropenia), and mucocutaneous complica-
tions (pigmentation).

Only one patient experienced serious (grade 3) 
toxicities related to nausea and vomiting, which 
necessitated treatment discontinuation. No grade 
4 toxicities were observed. Notably, we did not 
identify any treatment-related hepatobiliary or 
renal disorders in our cohort. Overall, the 
CapTem regimen was well-tolerated by the 
patients. Most treatment-related adverse events 
were mild and successfully resolved with appro-
priate clinical care. Importantly, no treatment-
related deaths occurred.
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Table 2. Responses with CapTem chemotherapy regimen in different subgroups.

Characteristic PR, n (%) SD, n (%) PD, n (%) Favorable outcome (PR + SD)

 n (%) p Value

Overall 6/38 (15.8) 28/38 (73.7) 4/38 (10.5) 34/38 (89.5)  

Gender

 Male 6/33 (18.2) 24/33 (72.7) 3/33 (9.1) 30/33 (90.9) 0.4456

 Female 0/5 (0) 4/5 (80) 1/5 (20) 4/5 (80)

Age

 <50 4/22 (18.2) 15/22 (68.2) 3/22 (13.6) 19/22 (86.4) 0.6245

 ⩾50 2/16 (12.5) 13/16 (81.25) 1/16 (6.2) 15/16 (93.8)

Inheritance

 Sporadic 6/36 (16.7) 27/36 (75) 3/36 (8.3) 33/36 (91.7) 0.2020

 Familial (MEN1) 0/2 (0) 1/2 (50) 1/2 (50) 1/2 (50)

Functional status

 Nonfunctioning 4/34 (11.8) 26/34 (76.5) 4/34 (11.8) 30/34 (88.2) >0.9999

 Functioning 2/4 (50) 2/4 (50) 0/4 (0) 4/4 (100)

TNM

 III 0 3/3 (100) 0 3/3 (100) 1.0000

 IV 6/35 (17.14) 25/35 (71.43) 4/35 (11.43) 31/35 (88.57)

Ki67 index

 ⩽10% 2/15 (13.3) 12/15 (80) 1/15 (6.7) 14/15 (93.3) >0.9999

 >10% 4/23 (17.4) 16/23 (69.6) 3/23 (13.0) 20/23 (87.0)

Mitosis

 ⩽10 3/28 (10.7) 24/28 (85.7) 1/28 (3.6) 27/28 (96.4) 0.2379

 >10 1/4 (25) 2/4 (50) 1/4 (25) 3/4 (75)

FDG-SUVmax (tumor/liver)

 ⩽2 0/9 (0) 8/9 (88.9) 1/9 (11.1) 8/9 (88.9) >0.9999

 >2 4/24 (16.7) 18/24 (75) 2/24 (8.3) 22/24 (91.7)

SSA-SUVmax (tumor/liver)

 ⩽1 4/26 (15.4) 20/26 (76.9) 2/26 (7.7) 24/26 (92.3) >0.9999

 >1 1/9 (11.1) 7/9 (77.8) 1/9 (11.1) 8/9 (88.9)

MGMT expression

 Negative to moderate 4/13 (30.8) 8/13 (61.5) 1/13 (7.7) 12/13 (92.3) >0.9999

 Strong 1/16 (6.25) 13/16 (81.25) 2/16 (12.5) 14/16 (87.5)

(Continued)
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Characteristic PR, n (%) SD, n (%) PD, n (%) Favorable outcome (PR + SD)

 n (%) p Value

Prior surgery

 No 2/21 (9.5) 19/21 (90.5) 0/21 (0) 21/21 (100) 0.0322*

 Yes 4/17 (23.5) 9/17 (52.9) 4/17 (23.5) 13/17 (76.5)

Prior radiotherapy

 No 5/24 (20.8) 17/24 (70.8) 2/24 (8.3) 22/24 (91.6) 0.6161

 Yes 1/14 (7.1) 11/14 (78.6) 2/14 (14.3) 12/14 (85.7)

CapTem line of treatment

 First line (naïve) 5/18 (27.8) 12/18 (66.7) 1/18 (5.6) 17/18 (94.4) 0.6062

 ⩾Second line (pretreated) 1/20 (5) 16/20 (80) 3/20 (15) 17/20 (85)

Lymph nodes metastasis

 No 1/8 (12.5) 6/8 (75) 1/8 (12.5) 7/8 (87.5) >0.9999

 Yes 5/30 (16.7) 22/30 (73.3) 3/30 (10) 27/30 (90)

Pleura metastasis

 No 3/22 (13.6) 17/22 (77.3) 2/22 (9.1) 20/22 (90.9) >0.9999

 Yes 3/16 (18.75) 11/16 (68.75) 2/16 (12.5) 14/16 (87.5)

Pericardium metastasis

 No 5/30 (16.7) 22/30 (73.3) 3/30 (10) 27/30 (90) >0.9999

 Yes 1/8 (12.5) 6/8 (75) 1/8 (12.5) 7/8 (87.5)

Lung metastasis

 No 6/31 (19.4) 23/31 (74.2) 2/31 (6.5) 29/31 (93.5) 0.1475

 Yes 0/7 (0) 5/7 (71.4) 2/7 (28.6) 5/7 (71.4)

Pancreas metastasis

 No 5/31 (16.1) 23/31 (74.2) 3/31 (9.7) 28/31 (90.3) >0.9999

 Yes 1/7 (14.3) 5/7 (71.4) 1/7 (14.3) 6/7 (85.7)

Liver metastasis

 No 6/35 (17.1) 25/35 (71.4) 4/35 (11.4) 31/35 (88.6) >0.9999

 Yes 0/3 (0) 3/3 (100) 0/3 (0) 3/3 (100)

Bone metastasis

 No 1/11 (9.1) 9/11 (81.8) 1/11 (9.1) 10/11 (90.9) >0.9999

 Yes 5/27 (18.5) 19/27 (70.4) 3/27 (11.1) 24/27 (88.9)

CapTem, capecitabine and temozolomide; MGMT, O6-methylguanine DNA methyltransferase; PD, progressive disease; PR, partial response; SD, 
stable disease; TNM, tumor-node-metastasis.
The bold values indicate significant values.

Table 2. (Continued)
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Table 3. Treatment responses according to the line of treatment.

Response category,  
n (%)

All patients (n = 38); 
n (%)

First line therapy, 
(n = 18); n (%)

⩾Second line therapy, 
(n = 20); n (%)

p Value

CR 0 0 0 —

PR 6 (15.8) 5 (27.8) 1 (5.0) 0.083

SD 28 (73.7) 12 (66.7) 16 (80.0) 0.468

PD 4 (10.5) 1 (5.6) 3 (15.0) 0.606

Disease control rate 
(DCR = CR + PR + SD)

34 (89.5) 17 (94.5) 17 (85.0) 0.606

mPFS 13.0 Not reached 13.0  

mOS Not reached Not reached Not reached  

CR, complete response; mOS, median overall survival; mPFS, median progression-free survival; PD, progressive disease; PR, partial response; SD, 
stable disease; TNM, tumor-node-metastasis.

Table 4. Univariate and multivariate Cox analysis of PFS for patients receiving the CapTem regimen from baseline (CapTem 
initiation).

Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Gender 0.904  

 Female 1  

 Male 0.879 (0.109–7.084)  

Age 0.593  

 <50 1  

 ⩾50 1.408 (0.401–4.942)  

Inheritance 0.337  

 Sporadic 1  

 Familial (MEN1) 2.773 (0.345–22.270)  

Functional status 0.668  

 Nonfunctioning 1  

 Functioning 0.639 (0.083–4.930)  

TNM 0.469  

 III 1  

 IV 23.190 (0.005–114483.176)  

(Continued)
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Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Ki67 index 0.601  

 ⩽10% 1  

 >10% 0.737 (0.235–2.312)  

Mitosis 0.199  

 ⩽10 1  

 >10 2.439 (0.626–9.498)  

MGMT expression 0.758  

 Negative to moderate 1  

 High 1.207 (0.365–3.996)  

FDG-SUVmax (tumor/liver) 0.139  

 ⩽2 1  

 >2 0.416 (0.130–1.331)  

SSA-SUVmax (tumor/liver) 0.894  

 ⩽1 1  

 >1 0.914 (0.246–3.393)  

Prior surgery 0.052 0.732

 No 1 1  

 Yes 3.225 (0.990–10.509) 1.299 (0.291–5.799)  

CapTem line of treatment 0.148  

 First line (naïve) 1  

 ⩾Second line (pretreated) 2.591 (0.712–9.424)  

Lymph node metastasis 0.602  

 No 1  

 Yes 0.708 (0.193–2.594)  

Pleura metastasis 0.858  

 No 1  

 Yes 1.105 (0.369–3.308)  

Pericardium metastasis 0.281  

 No 1  

Table 4. (Continued)

(Continued)
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Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

 Yes 2.090 (0.548–7.976)  

Lung metastasis 0.678  

 No 1  

 Yes 1.315 (0.361–4.785)  

Pancreas metastasis 0.483  

 No 1  

 Yes 0.481 (0.062–3.727)  

Liver metastasis 0.626  

 No 1  

 Yes 0.044 (0–12175.405)  

Bone metastasis 0.074 0.964

 No 1 1  

 Yes 6.431 (0.833–49.664) 190985.623 (0–9.473E + 232)  

Blood parameters

 NLR 0.960 (0.811–1.136) 0.636  

 LMR 1.320 (0.988–1.764) 0.06 1.285 (0.632–2.613) 0.489

 PLR 2.676 (1.509–4.745) 0.001** 3.707 (1.086–12.654) 0.036*

 AFP 9.213 (0–547076.711) 0.692  

 CEA 1.829 (0.463–7.215) 0.389  

 CA125 0.977 (0.841–1.135) 0.761  

 SCC 0.727 (0.023–22.535) 0.856  

 CA199 0.937 (0.661–1.327) 0.714  

 PIVKA-II 0.063 (0.000–10.598) 0.290  

 NSE 1.081 (0.881–1.326) 0.456  

 CFRA21-1 1.695 (0.913–3.147) 0.095 1.018 (0.306–3.387) 0.977

 ProGRP 1.005 (0.965–1.047) 0.805  

 LDH 0.480 (0.086–2.689) 0.404  

AFP, alpha-fetoprotein; CA125, carbohydrate antigen 125; CA199, carbohydrate antigen 199; CapTem, capecitabine and temozolomide; CEA, 
carcinoembryonic antigen; CFRA21-1, cytokeratin 19 fragment; FDG-SUVmax, fluorodeoxyglucose standardized uptake value maximum; LDH, 
lactate dehydrogenase; LMR, lymphocyte-to-monocyte ratio; MGMT, O6-methylguanine DNA methyltransferase; NLR, neutrophil-to-lymphocyte 
ratio; NSE, protein induced by vitamin K absence or antagonist II; PFS, progression-free survival; PIVKA-II, protein induced by vitamin K absence 
or antagonist II; PLR, platelet-to-lymphocyte ratio; ProGRP, pro-gastrin-releasing peptide; SCC, squamous cell carcinoma antigen; SSA-SUVmax, 
somatostatin analogues standardized uptake value maximum; TNM, tumor-node-metastasis.
The bold values indicate significant values.

Table 4. (Continued)
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Figure 3. Kaplan–Meier estimates of PFS between 
the PLRhigh (⩾235) and PLRlow (<235) groups.
PFS, progression-free survival; PLRhigh, high platelet-to-
lymphocyte ratio; PLRlow, low platelet-to-lymphocyte ratio; 
OS, overall survival.

Table 5. Univariate and multivariate Cox analysis of OS for patients treated with CapTem regimen from baseline (since CapTem 
initiation).

Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Gender 0.396  

 Female 1  

 Male 31.571 (0.011–91454.19)  

Age 0.013* 0.035*

 <50 1 1  

 ⩾50 15.142 (1.779–128.878) 11.214 (1.189–105.796)  

Inheritance 0.308  

 Sporadic 1  

 Familial (MEN1) 3.062 (0.356–26.371)  

Functional status 0.161  

 Nonfunctioning 1  

 Functioning 3.262 (0.625–17.034)  

TNM 0.855  

 III 1  

 IV 0.820 (0.098–6.885)  

(Continued)

A typical case who achieved a favorable PR 
response on CapTem regimen
A 62-year-old male initially presented with symp-
toms of chest tightness, shortness of breath, chest 
and back pain. A PET-CT revealed a 7.5-cm 
anterior mediastinal mass, multiple lymph node 
metastases, bilateral lung and pleural metastases, 
pancreatic metastases, and iliac metastases. 
Pathological analysis of the left supraclavicular 
lymph node confirmed a diagnosis of NET with 
three mitoses per 10 high-power fields and a 
Ki-67 index of 20%, which was considered ATC.

Following the diagnosis, the patient was initiated 
on treatment with CapTem, and tumor efficacy 
assessments were conducted after every three 
cycles of treatment. Remarkably, after completing 
six cycles of treatment, there was a significant 
reduction in tumor burden, as evident in the 
Chest CT images shown in Figure 5.
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Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Ki67 index 0.077  

 ⩽10% 1  

 >10% 0.144 (0.017–1.229)  

Mitosis 0.661  

 ⩽10 1  

 >10 1.620 (0.188–13.956)  

MGMT expression 0.314  

 Negative to moderate 1  

 High 3.216 (0.331–31.233)  

FDG-SUVmax (tumor/liver) 0.332  

 ⩽2 1  

 >2 33.178 (0.028–39022.579)  

SSA-SUVmax (tumor/liver) 0.340  

 ⩽1 1  

 >1 2.080 (0.463–9.354)  

Prior surgery 0.380  

 No 1  

 Yes 0.479 (0.093–2.475)  

CapTem line of treatment 0.897  

 First line (naïve) 1  

 ⩾Second line (pretreated) 0.905 (0.200–4.101)  

Lymph node metastasis 0.611  

 No 1  

 Yes 1.733 (0.208–14.416)  

Pleura metastasis 0.212  

 No 1  

 Yes 0.260 (0.031–2.161)  

Pericardium metastasis 0.784  

 No 1  

 Yes 0.743 (0.089–6.191)  

Table 5. (Continued)

(Continued)
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Variable Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Lung metastasis 0.859  

 No 1  

 Yes 0.825 (0.098–6.940)  

Pancreas metastasis 0.679  

 No 1  

 Yes 1.616 (0.166–15.681)  

Liver metastasis 0.097  

 No 1  

 Yes 6.840 (0.704–66.471)  

Bone metastasis 0.412  

 No 1  

 Yes 0.527 (0.114–2.436)  

Blood parameters  

 NLR 0.991 (0.819–1.200) 0.927  

 LMR 1.051 (0.646–1.712) 0.840  

 PLR 0.393 (0.089–1.730) 0.217  

 AFP 57664.187 (0.041–8094E+10) 0.129  

 CEA 3.105 (0.556–17.345) 0.197  

 CA125 1.027 (1.005–1.049) 0.015* 1.059 (0.746–1.505) 0.748

 SCC 0.627 (0.005–73.402) 0.848  

 CA199 1.112 (1.108–1.215) 0.018* 0.857 (0.205–3.588) 0.833

 PIVKA-II 1.840 (0.007–513.518) 0.832  

 NSE 1.382 (0.984–1.943) 0.062  

 CFRA21-1 1.384 (0.584–3.279) 0.460  

 ProGRP 1.012 (0.966–1.059) 0.620  

 LDH 0.424 (0.033–5.397) 0.508  

AFP, alpha-fetoprotein; CA125, carbohydrate antigen 125; CA199, carbohydrate antigen 199; CapTem, capecitabine and temozolomide; CEA, 
carcinoembryonic antigen; CFRA21-1, cytokeratin 19 fragment; FDG-SUVmax, fluorodeoxyglucose standardized uptake value maximum; LDH, 
lactate dehydrogenase; LMR, lymphocyte-to-monocyte ratio; MGMT, O6-methylguanine DNA methyltransferase; NLR, neutrophil-to-lymphocyte 
ratio; NSE, protein induced by vitamin K absence or antagonist II; OS, overall survival; PIVKA-II, protein induced by vitamin K absence or antagonist 
II; PLR, platelet-to-lymphocyte ratio; ProGRP, pro-gastrin-releasing peptide; SCC, squamous cell carcinoma antigen; SSA-SUVmax, somatostatin 
analogues standardized uptake value maximum; TNM, tumor-node-metastasis.
The bold values indicate significant values.

Table 5. (Continued)
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Figure 4. Kaplan–Meier estimates of OS between the 
older (⩾50) and younger (<50) groups.
OS, overall survival.

Throughout the treatment, the patient experi-
enced manageable grade 1–2 side effects, includ-
ing gastrointestinal symptoms (grade 2 anorexia, 
grade 1 nausea), hematological complications 
(grade 1 neutropenia), mucocutaneous complica-
tions (grade 1 palmar-plantar erythrodysesthesia 
syndrome), and other systemic reactions (grade 1 
fatigue, grade 1 insomnia). These side effects 
were effectively managed and resolved with 
appropriate clinical care. The patient commenced 
the CapTem regimen on May 26, 2022, and as of 
his most recent follow-up visit, he continues to 
receive treatment with no evidence of tumor 
progression.

Discussion
In this study, we have summarized the clinical 
characteristics, treatment activity, and safety of 
the CapTem regimen in a cohort of ATC patients. 
Additionally, we conducted an analysis of various 
clinicopathological factors to identify independ-
ent prognostic factors for PFS and OS.

ATCs exhibit distinct demographic and clinical 
characteristics when compared to NENs from 
other origins. In this cohort, the male-to-female 
ratio was 6.6 (33 males and 5 females), consist-
ent with previous literature suggesting a male 
predilection for ATCs,4,18 unlike NENs from 
other origins, such as pancreatic NENs and gas-
trointestinal NENs, where no such gender ten-
dency is observed.19 Furthermore, unlike NENs 

originating in the pancreas or digestive tract, 
which frequently metastasize to the liver, ATCs 
preferentially metastasize to lymph nodes (30/38, 
78.9%), bone (27/38, 71.1%), and pleura (16/38, 
42.1%). Liver metastases in ATCs are relatively 
uncommon (3/38, 7.9%). This unique metastasis 
pattern of T-NENs has also been noted in previ-
ous case series.20 Considering these distinctive 
characteristics, it becomes evident that clinical 
management strategies for ATCs should not be 
simply extrapolated from experiences with NENs 
from other origins. Instead, further investigations 
tailored to ATC cohorts are warranted to draw 
evidence-based conclusions.

The CapTem regimen has demonstrated notable 
efficacy in treating diverse populations of patients 
with NETs. It typically achieves the highest ORRs 
in pancreatic NETs (30%–70%),8–12 intermediate 
responses in lung NETs (30%),21 and lower 
responses in gastrointestinal NETs (19%).22 
While substantial data exist for these NET types, 
information on the efficacy of CapTem in ATCs 
remains limited. Currently, only two retrospec-
tive studies in T-NET cohorts, involving 3 and 9 
patients, have been reported.23,24 Saranga-Perry 
et al. assessed three T-NET patients treated with 
CapTem, reporting one PR, one minor response, 
and one SD.23 Wang et  al. found that eight 
T-NET patients achieved SD, while one patient 
showed PD.24

However, these limited case series do not provide 
conclusive data on the efficacy and prognostic 
factors for T-NETs. In our study, we report, for 
the first time, the ORR of CapTem in a more sub-
stantial and homogeneous group of ATC patients, 
with an ORR of 15.8% (6/38), a DCR of 89.5%, 
and a median PFS of 13 months.

Our findings, aligned with existing literature, 
demonstrate that first-line CapTem treatment is 
more effective than subsequent lines. A multi-
center retrospective study of 308 patients with 
metastatic NETs treated with CapTem showed 
that first-line therapy yielded superior ORR, 
PFS, and OS outcomes compared to later-line 
treatments, regardless of tumor location.25 
Similar results have been reported in multiple 
studies across various centers.9,26–29 The greater 
efficacy of CapTem as a first-line treatment may 
be due to several factors: (i) Lack of prior treat-
ment resistance—tumors can develop resistance 
mechanisms over the course of therapy, reduc-
ing CapTem’s effectiveness when used in later 
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lines; (ii) Optimal dosing and lower cumulative 
toxicity in treatment-naïve patients—first-line 
therapy allows for optimal dosing and schedul-
ing, which may not be achievable in later  
treatments due to the accumulated toxicity  
from previous therapies or the need for dose 

adjustments in patients with declining health. 
However, the exact mechanisms remain unclear. 
Further rigorous research is necessary to investi-
gate the molecular and genetic/epigenetic factors 
contributing to these observations and their 
broader clinical implications.

Table 6. Type, frequency, and severity (grade) of adverse effects noticed in patients treated with CapTem, according to CTCAE version 5.0.

Toxicity Maximum toxicity grade

1 2 3 4

n % n % n % n %

Hematologic

 Anemia 1 2.70 — — — — — —

 Neutropenia 4 10.81 — — — — — —

 Thrombocytopenia 1 2.70 — — — — — —

Gastrointestinal

 Abdominal pain 1 2.63 — — — — — —

 Nausea 6 15.79 9 23.68 1 2.63 — —

 Vomiting 5 13.16 10 26.32 1 2.63 — —

 Constipation 4 10.53 — — — — — —

 Diarrhea 1 2.63 1 2.63 — — — —

 Anorexia 10 26.32 1 2.63 — — — —

Mucocutaneous

 Pruritus 1 2.63 2 5.26 — — — —

 Pigmentation 4 10.53 — — — — — —

 Rash maculo-papular — — 2 5.26 — — — —

  Palmar-plantar 
erythrodysesthesia syndrome

2 5.26 — — — — — —

Musculoskeletal and connective tissue disorders

 Arthralgia 1 2.63 — — — — — —

Other

 Fatigue 12 31.58 — — — — — —

 Insomnia 2 5.26 — — — — — —

 Headache 2 5.26 — — — — — —

 Anaphylaxis — — 1 2.63 — — — —

  Peripheral sensory 
neuropathy

1 2.63 — — — — — —
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In our exploration of prognostic factors in ATC 
patients undergoing CapTem treatment, we 
found that neither Ki-67 nor MGMT status was 
associated with treatment response or PFS. While 
Ki-67 and MGMT have been established as prog-
nostic indicators in patients with NETs originat-
ing from the pancreas or gastrointestinal tract,11,30 
the inconsistent findings in ATCs underscore 
their unique characteristics. This highlights the 
need for the development of novel biomarkers tai-
lored to this specific patient population.

Notably, our study identified, for the first time, 
the prognostic value of PLR in ATC patients 
receiving the CapTem regimen. Elevated PLR 
was significantly associated with an increased risk 
of disease progression. Accumulating clinical 
observations suggest that elevated PLR is linked 
to poorer outcomes in various malignancies, 
although the precise mechanisms by which PLR 
influences clinical outcomes remain largely 
unknown.31–33

Previous research has proposed that platelet 
aggregation can expedite tumor progression by 
facilitating new blood vessel formation and adhe-
sion molecule production, thus enhancing the 
migration and invasion of tumor cells.34 
Conversely, lymphocytes play a crucial role in 
defending against cancer by mounting an anti-
tumor immune response.35 Elevated peripheral 
lymphocytes are typically regarded as a favorable 
prognostic factor, while lymphocytopenia reflects 
impaired lymphocyte-mediated antitumor 
responses. PLR, being a combination of circulat-
ing platelet and lymphocyte counts, represents 
both thrombocytosis and lymphocytopenia, 
potentially contributing to aggressive cancer pro-
gression and poorer outcomes. However, 

the precise mechanisms through which PLR 
influences PFS in ATC patients receiving 
CapTem warrant further investigation.

When examining clinicopathological factors asso-
ciated with the OS of ATC patients receiving the 
CapTem regimen, we identified age as an inde-
pendent factor linked to OS. Notably, patients 
aged 50 and above demonstrated significantly 
shorter OS compared to patients under 50, sug-
gesting that younger age may serve as an indicator 
of potential benefits from this treatment. This 
finding aligns with a previous multicenter retro-
spective study that analyzed data from 308 
patients with metastatic NETs treated with 
CapTem in 34 hospitals across different regions 
of Turkey, revealing distinct outcomes for patients 
categorized by age of 50.25

The CapTem regimen in our study exhibited  
a safety profile consistent with previous  
reports,8–12,16,21–24 and no new safety concerns 
emerged. Most of the treatment-related adverse 
events were of grade 1–2 severity and were effec-
tively managed with appropriate clinical care. 
There was only one instance of grade 3 toxicities 
related to nausea and vomiting. Notably, no grade 
4 toxicities or treatment-related deaths occurred, 
indicating that this regimen can be considered a 
viable and well-tolerated option for patients with 
ATC.

One of the primary debates surrounding the 
CapTem regimen pertains to the ideal treatment 
duration and the safety of long-term administra-
tion. Temozolomide, being an alkylating agent 
that can induce DNA damage, raises concerns 
about the potential development of secondary 
malignancies, such as myelodysplastic syndrome, 

Figure 5. Contrast-enhanced CT scans of the typical case who achieved favorable PR response on CapTem regimen. (a) 2022-5-
18 Baseline (78 mm*40 mm). (b) 2022-8-17 After three cycles of CapTem (64 mm*30 mm). (c) 2022-11-9 After six cycles of CapTem 
(32 mm*20 mm).
CapTem, capecitabine and temozolomide; PR, partial response.
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leukemia, or aplastic anemia, after prolonged 
use.36–38 The randomized ECOG 2211 study sug-
gested a treatment duration of 1 year with the 
CapTem regimen, while allowing additional 
cycles on a case-by-case basis.8 However, cur-
rently, no evidence-based recommendations exist 
regarding the optimal treatment duration for 
T-NET patients. Our study is the first to present 
real-world practice data and report on a consider-
able number of patients who underwent CapTem 
treatment for 12 months or longer. Encouragingly, 
among the 13 cases in our study with treatment 
durations of ⩾12 months, no secondary malig-
nancies were observed during a median follow-up 
of 31 months (range 12–46). Nevertheless, it is 
essential to underscore that further clinical testing 
involving a larger number of cases and more 
extended follow-up periods is necessary to com-
prehensively evaluate the safety of prolonged 
CapTem administration.

While our study provides valuable clinical insights 
into the administration of CapTem regimen for 
metastatic ATCs, several limitations must be 
acknowledged. First, the retrospective nature of 
the study introduces potential biases, as patient 
data were collected and analyzed after treatment, 
limiting the ability to control for confounding fac-
tors. Second, this is a single-center study, which 
may affect the generalizability of the results to 
broader patient populations. Third, the limited 
sample size, due to the rarity of T-NEN, restricts 
the statistical power of our findings, which may 
result in an underestimation or overestimation of 
certain outcomes. Despite these limitations, we 
believe that our research will serve as a founda-
tion for future, larger-scale studies.

Conclusion
In summary, the cases presented in our study 
complement previous retrospective series, rein-
forcing the notion that the CapTem regimen can 
be a rational and well-tolerated treatment option 
with favorable responses for patients with ATCs. 
Importantly, our study is the first to identify pre-
treatment PLR as an independent prognostic bio-
marker associated with PFS in patients with 
ATCs treated with CapTem. We established the 
optimal cutoff for PLR as 235. Additionally, our 
findings revealed that age greater than 50 years is 
an independent adverse prognostic factor for OS. 
These findings may provide potential insights for 
clinicians in identifying patients most likely to 
benefit from the CapTem regimen. However, the 

small sample size limits the strength of our statis-
tical conclusions, and as such, these results could 
not be used for immediate clinical decision-mak-
ing at this time. To validate these findings and 
gain a deeper understanding, further mechanistic 
investigations, prospective and multicenter stud-
ies focusing on this particularly rare patient popu-
lation, will be crucial in confirming the robustness 
and broader applicability of our results.
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