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ARTICLE INFO ABSTRACT
Keywords: Objectives: Bronchial carcinoid tumors (BC) are exceptionally rare in childhood, with an incidence of <0.2/
Children 1,000,000 per year. Typical low-grade BCs are distinguished from atypical, intermediate-grade BCs. Little is
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known about BCs in pediatric patients and management guidelines are missing. In this study, we explored
characteristics and outcome of pediatric patients with BC prospectively registered with the Malignant Endocrine

EXPeRT Material and methods: We performed a retrospective multicenter study in children, adolescents, and young adults
(aged 0-20 years) with BC reported to the German MET registry between January 1997 and December 2022.

Data were last updated on 28 of February 2023.

Results: Thirty-two patients were diagnosed at a median age of 15.0 years (range, 9.8-19.2). Atypical BCs
(23.3%) were less frequent than typical, but more common than in adulthood. Lymph node metastases were
present in 14.3% of cases (atypical BC: 28.6%, typical BC: 10.5%), distant metastases in one (3.1%) patient with
atypical BC. 92.6% of patients were in complete remission after surgical resection (median follow-up: 2.7 years).
The patient with metastatic spread and one patient with atypical BC and multiple recurrences were on treatment
at last follow-up. 5-year event-free survival of typical BC was 100% and 83.3% in atypical BC.

Conclusions: Completely resected localized BCs in pediatric patients have a favorable outcome also with lung
tissue sparing surgery. Atypical BC with risk of metastatic spread and recurrence occurred more frequently
compared to adults. Interdisciplinary management and collaborative efforts are needed to improve our under-

standing and the management of pediatric BC.

1. Introduction accounting for <0.1% of all malignant tumors in childhood [1]. They
have a crude annual incidence rate of 0.18/1,000,000 in children and
Bronchial carcinoids are among the rarest pediatric tumors, adolescents 0-18 years of age [2]. While bronchial carcinoids represent

Abbreviations: CR, Complete Remission; CT, Computed Tomography; EFS, Event-Free Survival; ESMO, European Society for Medical Oncology; EXPeRT, European
Cooperative Study Group for Pediatric Rare Tumors; ['®F]FDG, ['®F]Fluorodeoxyglucose; FU, Follow-Up; GPOH, German Society for Pediatric Oncology and He-
matology; MEN 1, Multiple Endocrine Neoplasia Type 1; MET, German Registry for Malignant Endocrine Tumors; MRI, Magnetic Resonance Imaging; PDGFR,
Platelet-Derived Growth Factor Receptor; PET, Positron Emission Tomography; Ry, Resection without Microscopic Residue; SSTR, Somatostatin Receptor; UICC,
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only 1-2% of lung malignancies in adults, they account for 42-63% of
all primary lung malignancies in the pediatric population [1-5]. Within
the heterogeneous group of neuroendocrine tumors in children, bron-
chial carcinoids account for 11% (adults: 20-30%) [5,6].

The etiology of bronchial carcinoids in childhood is largely unex-
plained. The significance of cancer predisposition syndromes has yet not
been explored [7]. In adults, somatic mutations in MEN1 are reported in
11-13% of cases [8,9]. However, to the best of our knowledge, bronchial
carcinoids associated with multiple endocrine neoplasia type 1 (MEN 1)
have not been reported in childhood so far. About 3-13% of patients
with MEN 1 develop bronchial (mostly typical) carcinoids, but usually
not until adulthood [10-14]. Adult bronchial carcinoids are character-
ized by low PD-L1 expression and driver mutations in genes regulating
histone modification and chromatin remodeling [15]. Pediatric bron-
chial carcinoids have yet not been characterized by molecular genetics.

Bronchial carcinoids are classified as typical, low-grade carcinoids
(<2 mitoses/2 mmz, absence of necrosis) and atypical, intermediate-
grade carcinoids (2-10 mitoses/2 mm? and/or foci of punctate necro-
sis), with the latter more commonly exhibiting metastatic behavior
[16,17]. The role of Ki-67 proliferative index in predicting survival in
adults is limited. Atypical carcinoids are more likely in tumors with a Ki-
67 index of > 5%, but no cut-off value has been established [18,19].

Five-year overall survivals of approximately 95% have been reported
in pediatric patients with bronchial carcinoids in population-based data
[3,4]. Thus, prognosis of pediatric patients seems to be superior
compared to adults (10-year disease-specific survival with typical his-
tology 90.3% and with atypical histology 65.0%) [5]. However,
particularly in children and adolescents with atypical bronchial carci-
noids and/or metastatic spread fatal outcomes and recurrences were
reported [20-25]. Up to now, data on childhood bronchial carcinoids
were derived from individual case reports and population-based data.
Furthermore, there is no consensus on the management of patients
[6,20,21,23,24,26,27].

In this study, we explore clinical characteristics and outcome in a
cohort of children and adolescents with bronchial carcinoid tumors
prospectively registered with the German Malignant Endocrine Tumor
(MET) studies. Based on our and published data, we propose diagnostic
and therapeutic strategies in children and adolescents with bronchial
carcinoid tumors.

2. Materials and methods

This retrospective analysis included children, adolescents, and young
adults aged <20 years (hereinafter termed pediatric) with diagnosis of a
bronchial carcinoid tumor between 1997 and 2022 registered in the
database of the German Registry for Malignant Endocrine Tumors
(MET), which is a prospective clinical registry of the German Society for
Pediatric Oncology and Hematology (GPOH). Pediatric patients with
malignant endocrine tumors were reported to the MET registry by the
treating physicians in Germany, Austria, and Switzerland upon informed
consent of the legal guardians. We included patients who met diagnostic
criteria as per the local pathologist’s diagnosis. Patients and/or their
legal guardians gave informed consent for data collection and analysis.
The GPOH-MET registry was approved by the ethics committees of the
University of Luebeck (Approval number 97125) and Otto-von-
Guericke-University Magdeburg (Approval number 174/12 and 52/
22), Germany, and the institutional review boards of the participating
hospitals.

Data for patient-, tumor-, and treatment-related characteristics were
collected using original source data. Frequencies were related to cases
with recorded data. Staging was based on the TNM classification by the
Union for International Cancer Control (UICC; Supplemental Material 1)
[28,29]. The N stage was defined histopathologically, the M stage by
imaging. Atypical bronchial carcinoids were defined by >2 mitotic fig-
ures per 2 mm? and/or presence of focal tumor necrosis [16,17].

Survival probabilities were estimated using the Kaplan-Meier

method. Differences between groups were determined by a Student t
test. A p value < 0.05 was considered significant. All data were analyzed
with the IBM® SPSS® statistical package (version 28.0.0.0).

Details on the GPOH-MET 97 study protocol were provided else-
where [30]. Briefly, lobectomy with concomitant lymphadenectomy
and, if necessary, metastasectomy was recommended, given that com-
plete resection of all tumor manifestations and, thus, a curative situation
could be achieved. Induction therapy was advised for inoperable tumors
or metastatic progression.

3. Results

We identified 32 patients with a median age at diagnosis of 15.0
years (range, 9.8-19.2) and a balanced sex distribution (male/female:
1.0). The median age of male patients was significantly higher than of
female patients (male: 16.5, range, 9.8-16.8; female: 13.0, range,
12.1-19.2; p = 0.017). Clinical characteristics are given in Table 1. In 7
of 30 patients pre-existing conditions involving the lungs were reported
including asthma (n = 4), recurrent pneumonia (n = 1), dust mite al-
lergy (n = 1), and a bronchiocentric granulomatous lesion in the lower
lobe (n = 1). The latter had been removed by lobectomy two years
before diagnosis of the bronchial carcinoid in the ipsilateral middle lobe.
In one patient, bronchial carcinoid was diagnosed as second malignancy
two years after diagnosis and treatment of orbital rhabdomyosarcoma.

The median time from onset of symptoms to diagnosis was 7.3
months (range, 0-44). Tumor related symptoms were present in 27 of 30
patients, bronchial carcinoid was discovered incidentally in two pa-
tients. One of those patients underwent bronchoscopy due to suspected
nut aspiration. In the other patient, bronchial carcinoid was detected
during routine computed tomography (CT) in follow-up (FU) for rhab-
domyosarcoma. In addition to cough, the most frequent symptoms were
recurrent pneumonia (n = 12), hemoptysis (n = 11), dyspnea/stridor (n
= 9), and pain (n = 5). One patient presented with concomitant pneu-
mothorax and pleural effusion. Only one patient with localized disease
suffered from loss of weight, fever, and night sweats. One further patient
was diagnosed with hormone-related symptoms in terms of secondary
amenorrhea due to ectopic ACTH production. Fourteen patients had
received prior antibiotic treatment for a diagnosis of respiratory
infection.

First suspicion of a tumor was raised by computed tomography (CT;
n = 14), plain radiography (n = 7), bronchoscopy (n = 7), and magnetic
resonance imaging (MRIL; n = 1); information was missing in 3 cases.
Various diagnostic modalities were used for staging including ultra-
sound, MRI, bone scintigraphy, [18F]ﬂuorodeoxyglucose ([18F]FDG)
positron emission tomography (PET)/CT, as well as somatostatin re-
ceptor (SSTR)-directed imaging including [°8Ga]Ga-DOTA-TATE-PET/
CT, and octreotide scan. Tumors were diagnosed by radiography (7/23),
cross-sectional imaging (28/29), bronchoscopy (25/25), conventional
SSTR scintigraphy (3/6), and [68Ga] Ga-DOTA-TATE-PET/CT (8/8). One
patient was diagnosed with extensive metastatic disease including the
spleen, liver, ovary, and brain. Hormones, metabolites, and neuroen-
docrine markers were abnormal in 1/10 (serotonin), 2/14 (5-hydrox-
yindoleacetic acid), and 4/15 (chromogranin-A) patients, respectively.
Chromogranin-A was elevated in one patient with an atypical bron-
chial carcinoid tumor (ID 3 in Table 2), the other abnormal parameters
were reported in patients with typical bronchial carcinoid tumors.

In 22 of 32 cases, bronchoscopic (n = 18) or thoracoscopic (n = 4)
biopsy of the tumor was performed prior to surgical resection. In four of
those patients, bronchoalveolar lavage was additionally done, which
was positive in one case and negative in three including the patient with
distant metastases. Noteworthy, diagnosis on the biopsy specimen was
subsequently revised by histopathological review of the completely
resected tumor in 4 patients including one atypical carcinoid (subse-
quently revised to a typical carcinoid), two typical carcinoids (subse-
quently revised to atypical carcinoids), and one leiomyomatous tumor
(subsequently revised to a typical carcinoid). Taken together, diagnosis



Table 1
Characteristics and clinical features of patients with bronchial carcinoid tumors.
Proportions are calculated based on cases with recorded data.

Characteristics German Registry for Malignant
Endocrine Tumors (MET) (n = 32)
Count Proportion
Sex
male 16 50.0%
female 16 50.0%
Age at diagnosis
<10 1 3.1%
10-14 15 46.9%
15-19 16 50.0%
Median tumor size 2.6 cm n.a.

(range, 0.5-7.5)
Laterality of the tumor

right lung 20 69.0%
left lung 9 31.0%
unknown/no data 3 n.a.

Localization of the tumor

upper lobar bronchus 3 11.1%
middle lobar bronchus 5 18.5%
lower lobar bronchus 9 33.3%
intermediate bronchus 8 29.6%
main bronchus 2 7.4%
unknown/no data 5 n.a.
T stage
1 13 54.2%
2 9 37.5%
3 1 4.2%
4 1 4.2%
no data 8 n.a.
N stage
0 24 85.7%
1 4 14.3%
no data 4 n.a.
M stage
0 31 96.9%
1 1 3.1%
Disease stage
1A1-3/B 17 73.9%
IIA/B 5 21.7%
I A/B/C 0 0%
IVA/B 1 4.3%
unknown/no data 9 n.a.
Type of carcinoid
typical 23 76.7%
atypical 7 23.3%
unknown/no data 2 n.a.
Modality of diagnosis of a bronchial
carcinoid tumor
bronchoscopic biopsy 17 * 53.1%
thoracoscopic biopsy 4 * 12.5%
tumor resection 11 34.4%

(+validation of
diagnosis: 18)

Abbreviation: n.a., not applicable; * in one case each, diagnosis was changed
from typical to atypical bronchial carcinoid tumor and vice versa after resection;
** in one case, diagnosis was changed from typical to atypical bronchial carci-
noid tumor after resection.

of bronchial carcinoid tumor was established in 21 patients on biopsy
specimen.

Surgical resection of the tumor was reported in 29 of 32 patients.
Resection was performed by thoracotomy (n = 23), thoracoscopy (n =
4), and bronchoscopic resection (n = 1). The method of surgical resec-
tion was not reported in one case. Resection was conducted as lobec-
tomy (n = 20), bi-lobectomy (n = 6), and segmentectomy (n = 1) and
was performed as sleeve resection in 8 cases. Resection without micro-
scopic residue (Rp) was achieved in 20 cases. Microscopic and macro-
scopic residues were determined in three and one patient, respectively.
No resection status was reported in five patients. Concomitant lym-
phadenectomy was done in 25 cases, in four of those regional lymph
node involvement was diagnosed. One patient with metastatic spread

additionally underwent metastasectomy in the liver and right ovary.

The median tumor diameter was 2.6 cm (range, 0.5-7.5). The tumor
was located in the right lung in 20 patients and with regard to bronchial
tree localization in the lobar bronchi in 17 patients.

Pathological evaluation determined 13 of 24 tumors as T1 stage, 9 as
T2 stage, one as T3 stage, and one as T4 stage. Seven bronchial carci-
noids were classified as atypical carcinoids (details on these patients are
given in Table 2) including the patient with distant metastases. Twenty-
three tumors were considered typical carcinoids, data were missing in
two cases. Immunohistochemical testing of neuroendocrine markers was
positive for chromogranin-A in 23/23 cases, for synaptophysin in 22/22,
for CD56 in 10/10, and for neuron-specific enolase in 5/6. Expression of
somatostatin receptors was rarely analyzed (SSTR2a 3/3, SSTR51/1). In
one patient, platelet-derived growth factor receptor (PDGFR)-alpha
expression was detected. Concomitant pneumonitis and atelectasis were
present in 18 and 14 cases, respectively. Reference pathology evaluation
confirmed the diagnosis in 22 cases. In no case diagnosis was revised by
the reference pathologist.

Following tumor resection by lobectomy and metastasectomy, the
patient with metastatic spread was on treatment at last follow-up (3
months after diagnosis). Treatment comprised temozolomide and
radiotherapy to bone metastases. One patient with an atypical carcinoid
tumor (ID 4, Table 2) experienced a local relapse three months after
microscopic incomplete tumor resection by segmentectomy. Relapse
was diagnosed on routine SSTR-directed PET/CT and tumor resection
was performed by lobectomy with lymphadenectomy. Histopathological
review determined one affected local lymph node. Twenty-five months
later, a second ipsilateral recurrence was diagnosed. Resection was
accomplished by pneumonectomy of the remaining left lung along with
lymphadenectomy revealing lymphangiosis carcinomatosa. Adjuvant
radiotherapy was recommended but rejected by the patient’s family. A
third recurrence in the contralateral lung was detected 20 months later
by [°8Ga]Ga-DOTA-TATE-PET/CT. Due to the substantially reduced
vital capacity of the remaining lung, surgical resection was not feasible
and instead treatment with everolimus was initiated. Thirty-six months
later, the patient showed stable disease on continued everolimus
therapy.

After a median FU of 2.7 years (range, 0-9.5), 25 patients were in
complete remission (CR). In five patients including one patient with
microscopic incomplete resection, FU data were not reported. Five-year
event-free survival (EFS) in patients with typical bronchial carcinoid
tumor was 100% and in patients with atypical bronchial carcinoid tumor
83.3% (Fig. 1).

4. Discussion

To the best of our knowledge, this is the largest series reporting on
children and adolescents with bronchial carcinoid tumors so far. In line
with previous population-based reports, outcome of patients with
completely resected tumors was favorable [3,4].

Sex distribution was balanced in our cohort. A predominance of the
male sex is inconsistently reported in pediatric patients (female/male
ratio 0.5-1.1), while in adults 67% of patients are female [2,3,5,21].

In pediatric patients, bronchial carcinoids are usually diagnosed
between a mean age of 11.6 and 13.8 years but may occur as early as at
3 years of age [2,6,23,27,31]. There is a substantial delay in diagnosing
bronchial carcinoids in children and adolescents due to unspecific
symptoms at disease onset. This is reflected by the median time from
onset of symptoms to diagnosis in our cohort (7.3 months) and published
data (8.5 months) [20]. The predominant symptoms of bronchial car-
cinoids are cough, dyspnea and stridor. These resemble the typic
symptoms of respiratory infections and pneumonia in childhood which
may be accompanied with bronchial obstruction and atelectasis. The
endobronchial growth of bronchial carcinoids mimicking bronchial
obstruction often leads to an initial misdiagnosis of asthma only [27].
However, asthma could also be part of a carcinoid syndrome. Recurrent



Table 2
Details on patients with atypical bronchial carcinoid tumors.

ID Sex Ageat Primary site TNM Stage Surgery of Lymph Further clinical course Status at Time since
diagnosis primary tumor node last FU diagnosis
(years) resection (years)
1 f 13.7 Right middle TxNOMO unclear  Sleeve yes Remained in complete clinical Alive off 1.9
lobar bronchus lobectomy remission therapy
2 f 12.9 Left lower lobar ~ T4N1Mlc IV Lobectomy yes Primary tumor and metastases Alive under 0.3
bronchus (liver, right ovary) resected; treatment
temozolomide treatment and
radiotherapy of bone metastases
3 m 14.5 Right T1IbNIMO IIB Bi-lobectomy yes Remained in complete clinical Alive off 6.0
intermediate remission therapy
bronchus
4 m 11.2 Left lower lobar ~ T1bNOMO  IA2 Sleeve yes 1st local recurrence after 3 months:  Alive under 7.8
bronchus segmentectomy lobectomy (T1aN1MO). treatment
2nd local recurrence with
lymphangiosis carcinomatosa 28
months later: pneumonectomy.
3rd recurrence in the contralateral
lung 20 months later: everolimus
therapy — stable disease at last
follow-up after another 36 months
5 f 14.8 Right lung, not T1bNOMO  IA2 Endoscopic no Tumor resected with microscopic Alive off 0.1
further specified resection residue therapy
6 m 13.6 Right middle T2aNOMO IB Lobectomy no Remained in complete clinical Alive off 3.5
lobar bronchus remission therapy
7 m 11.4 Left lung, not TlaNOMO 1Al Partial no Remained in complete clinical Alive off 2.8
further specified lobectomy remission therapy

Abbreviation: f, female; m, male; FU, follow-up; n.a., not applicable.

Fig. 1. Event-free survival of patients with bronchial carcinoid tumors (BC).

need of antibiotic treatment, unusual clinical presentation, and the lack
of treatment success should prompt further diagnostics. In patients
presenting with hemoptysis, the bronchial tumor was more timely
diagnosed (median time 1.9 months).

In contrast to other neuroendocrine tumors, bronchial carcinoids
rarely present with carcinoid syndrome. By totalizing our patient cohort
with seven other published case series of pediatric patients with bron-
chial carcinoid tumors, a carcinoid syndrome was reported in only 3 of
92 patients [6,20,21,23,24,26,27]. Noteworthy, while carcinoid syn-
drome was reported in 2-5% of adult patients with lung carcinoid, this
was mostly present in patients with liver metastases [16]. In our patient
cohort, one patient had a functionally active bronchial carcinoid with
ectopic ACTH production leading to increased insulin production and
secondary amenorrhea. There are individual case reports of Cushing’s
syndrome due to ectopic ACTH production in pediatric patients
[20,27,32]. Cushing’s syndrome occurs in 3.3% of adult patients sug-
gesting a similar frequency in children and adults [33].

For diagnostic purposes, conventional radiography is diagnostically
less conclusive and rarely detect the tumor. As demonstrated by our
data, plain radiographs mostly identified concomitant infiltrates and
atelectasis. A CT scan of the chest is well established as the initial

imaging method of the primary and poses little radiation exposure with
adequate pediatric protocols. For staging purposes, CT of the abdomen is
recommended in adults, while abdominal MRI is usually preferred in
children to avoid radiation exposure [34]. Further imaging, however, is
controversially discussed [16,34,35]. Somatostatin receptor scintig-
raphy is inferior to conventional CT in terms of sensitivity for the pri-
mary tumor as well as liver metastases according to our and published
data [35]. [68Ga]Ga—DOTA—TATE PET/CT has the highest sensitivity in
detecting pulmonary carcinoids and is therefore recommended in the
most recent European Society for Medical Oncology (ESMO) guideline
for adult patients with bronchial carcinoid [16,34,36]. [*8F]FDG-PET/
CT may be considered in specific clinical constellations, such as negative
somatostatin receptor imaging [34]. It has a high sensitivity for
detecting the primary tumor and may provide important clues to his-
tology, as carcinoid tumors have a lower uptake on [*®F]FDG-PET/CT
than other lung malignancies [37]. However, based on [*8F]FDG-PET/
CT, typical and atypical carcinoids cannot be sufficiently distinguished
and lymph node metastases of both subtypes are poorly detected
[34,38]. In general, atypical carcinoids have a high uptake on [*8F]FDG-
PET/CT but low uptake on SSTR-directed PET/CT due to low somato-
statin receptor expression, whereas typical carcinoids have low uptake
on ['®F]FDG- and intense uptake on [®8Ga]Ga-DOTA-TATE PET/CT
[36]. The most recent ESMO clinical practice guideline on lung carci-
noids includes recommendations for adult patients only [34]. Following
these recommendations, we suggest contrast-enhanced cross-sectional
conventional imaging including CT of the chest and abdominal MRI
including liver late arterial phase as initial staging. At least in case of
atypical bronchial carcinoid, (suspected) lymph node and/or distant
metastases, additional imaging by [°®Ga]Ga-DOTA-TATE-PET should be
performed. In all other cases, somatostatin receptor imaging must be
discussed individually based on the latest recommendations.

For confirming diagnosis, bronchoscopic biopsy is recommended
prior to definitive surgical resection [34]. It aims for excluding other
lung malignancies and, thus, allows for determining the optimal thera-
peutic strategy. However, histopathological evaluation of small biopsies
cannot reliably distinguish between typical and atypical bronchial
carcinoid as proliferation rates may vary at different sites of the tumor
[16]. Consistently, the subtype diagnosis was revised by



histopathological evaluation of the completely resected tumor in 3 cases
in our study.

We found a higher frequency of atypical carcinoids (23.3%)
compared to adults (8-15%) [39]. This corroborates previous reports
(13-25%) on smaller pediatric case series [5,6,21,26]. However, Wang
and colleagues reported only a single case of atypical carcinoid in a
series of 17 pediatric patients [20].

According to population-based data, 91.4% of pediatric patients had
a maximum tumor diameter of <5 cm [4]. Median tumor size in our
patient cohort was 2.6 cm with an upper limit of 7.5 cm.

Our data confirm that bronchial carcinoids in children and adoles-
cents are most likely located in the right lung [20,21,27]. Approximately
75% are located in lobar bronchi, 10-20% in the main bronchi, and a
minor proportion in the lung periphery [3,40]. In adults, typical bron-
chial carcinoids tend to be more centrally located, whereas atypical
bronchial carcinoids occur more peripherally [41]. None of the atypical
carcinoids in our patient cohort was localized in a main bronchus and
only one was localized in an intermediate bronchus.

Most patients in our study presented with localized disease (stage I
74%, stage II 22%), whereas metastatic disease was rare in this age
group (stage IV 4%). Previous studies found similar stage-related pro-
portions and locally advanced disease in up to 7 % of pediatric patients
[21]. In a study of adult patients with an 8.4% proportion of atypical
bronchial carcinoid tumors, 15% of patients had stage III and 8% stage
IV disease [5].

Lymph node metastases were diagnosed in 4/28 of patients in our
study and were reported to range from 15 to 30% up to 40% in smaller
pediatric case series [2-4,6,21,23]. In adults, 10-21% of patients pre-
sent with lymph node metastases [5,42,43]. In line with published data
from adults, we demonstrated an approximately three times higher
lymph node involvement in atypical carcinoids than in typical carci-
noids [44].

Distant metastatic spread in children is very rare and has been only
reported in individual cases. It is mainly associated with atypical
carcinoid histology as in the single patient with distant metastases in our
study. In addition, tumor invasion to surrounding tissue, such as the
diaphragm and pericardium, was reported in children [23,26]. In adults,
60% of metastases were associated with atypical carcinoid histology
[45]. Metastases were most frequently diagnosed in the liver (75%) and
bone (42%) [45].

Treatment of choice for localized bronchial carcinoids is complete
anatomical resection without further adjuvant therapy [16,21,42]. This
was achieved in 96.4% of patients in our study. Besides the goal of
achieving tumor-free resection margins, surgery should also aim at
conserving as much normal lung tissue as possible, for example by
means of bronchial sleeve resection or sleeve lobectomy [16,21,42].
However, depending on age, the anatomic conditions in children may be
considerably smaller. This surgical approach was employed in 30.8% of
our patients and all of them remained in complete remission at last
follow-up. Noteworthy, a recent analysis in adult bronchial carcinoid
demonstrated no superiority of lobectomy compared to sublobar resec-
tion [46]. As the true extent of the tumor may be underestimated on
bronchoscopy, bronchoscopic resection is reserved for patients who are
not suitable for bronchopulmonary surgery [6,16,24]. In addition, sys-
tematic lymph node sampling or dissection with a minimum of six nodal
stations (three hilar and three mediastinal stations, including the sub-
carinal station) is recommended in adults with bronchial carcinoids
[34]. This holds also true for patients with unsuspicious preoperative
imaging [16]. However, our data did not allow for analyzing the
importance of lymph node sampling in children.

There is limited data on the efficacy of adjuvant treatment in adults
with advanced and metastatic disease. As the probability of disease
recurrence/progression is low in patients with microscopic residue and
typical histology, the necessity of re-resection must be balanced against
(re-)surgery-associated morbidity [47]. All 3 patients with microscopic
residues in our study remained in remission after a median follow-up of

4.5 years. In patients with multiple primaries, metastatic spread, and
recurrence, treatment options include targeted therapy with everolimus
(FDA-approved for the treatment of unresectable bronchial carcinoid in
adults) [15,48], cytotoxic chemotherapy (such as temozolomide-based
regimens) [16,49-51], somatostatin analogs [16,52], and peptide re-
ceptor radionucleotide therapy [53]. Stable disease (up to now 36
months) was achieved with everolimus in the patient with several re-
lapses in our study. It should not go unmentioned that multiple pri-
maries may have been unrecognized in this patient and subsequently
misdiagnosed as early ipsilateral relapse.

The FU in our study was very heterogeneous in terms of both di-
agnostics and interval (range: 3-24 months). Based on European rec-
ommendations for adult patients with bronchial carcinoids [16,34], we
propose to perform routine FU including clinical evaluation and labo-
ratory testing (especially for chromogranin-A) every 3 months for the
first 2 years and every 6 months thereafter in patients with atypical
bronchial carcinoids, with resected metastases, and after incomplete
resection. This needs to be complemented by chest CT scans and MRI
scans of the abdomen at 3, 6, and 12 months in the first year and every 6
months thereafter for a total of at least 2 years [27]. In patients with
atypical bronchial carcinoids and/or resected metastases, [68Ga]Ga—
DOTA-TATE PET/CT should be considered at least once during FU [34].
In patients with completely resected, localized typical bronchial carci-
noid, clinical and laboratory FU without any routine CT scans every 6
months for the first 2 years and every 12 months thereafter may be
justified [27].

Our study has several limitations including its retrospective char-
acter, data availability, the various methods used for imaging, treatment
that was not completely standardized, and incomplete follow-up data.
Several modifications were made to the World Health Organization
classification of bronchial carcinoid tumors during the period covered
that could not be considered separately in this analysis. Most patients
were diagnosed as adolescents. Subsequent transition to adult medicine
hampered tracking of these patients and limited the period of follow-up
and, thus, the possibility of capturing events. However, no disease-
related fatalities - as reported in in adults with advanced disease -
were reported within the first two years of follow-up in our patient
cohort [5].

5. Conclusion

Completely resected localized bronchial carcinoids in children and
adolescents seem to have a favorable outcome also with lung tissue
sparing surgery. Compared to adults, atypical bronchial carcinoids
occurred more frequently.

As pediatric patients with atypical bronchial carcinoids are at risk of
metastatic spread and recurrence, thorough interdisciplinary staging,
management, and follow-up are recommended.

Close collaboration of pediatric oncologists, pediatric surgeons,
endocrine surgeons, radiologists, and nuclear medicine specialists is
necessary for optimal treatment of these patients. Molecular studies
including cancer predisposition analysis and collaborative efforts such
as the European Cooperative Study Group for Pediatric Rare Tumors
(EXPeRT) are needed to improve our understanding of bronchial carci-
noids in this age group.

Funding

The German MET studies were funded by Deutsche Kinder-
krebsstiftung, grant number DKS 2014.06, DKS 2017.16, DKS 2021.11,
W.A. Drenckmann Stiftung, Mitteldeutsche Kinderkrebsstiftung, and
Magdeburger Forderkreis krebskranker Kinder e.V.

Declaration of Competing Interest

The authors declare that they have no known competing financial



interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgment

The authors thank the staff of the reporting hospitals and patients
contributing to this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.lungcan.2023.107320.

References

[1]

[2]

[3]

[4

=

[5]

[6]

[7]

[8

—

[91

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

J.E.M. Ferlay, F. Lam, M. Colombet, L. Mery, M. Pineros, A. Znaor,

I. Soerjomataram, F. Bray, Global Cancer Observatory: Cancer Today, International
Agency for Research on Cancer, 2018.

M. Abele, S. Voggel, C. Bremensdorfer, C. Spix, F. Erdmann, M. Kuhlen, A. Redlich,
M. Ebinger, P. Lang, D.T. Schneider, I.B. Brecht, Incidences and characteristics of
primary lung malignancies in childhood in Germany: An analysis of population-
based data from German cancer registries, Pediatric Blood Cancer 69 (9) (2022)
e29744.

H.L. Neville, A.R. Hogan, Y. Zhuge, E.A. Perez, M.C. Cheung, L.G. Koniaris, W.
R. Thompson, J.E. Sola, Incidence and outcomes of malignant pediatric lung
neoplasms, J. Surg. Res. 156 (2) (2009) 224-230.

Y. Rojas, Y.X. Shi, W. Zhang, E.A. Beierle, J.J. Doski, M. Goldfarb, A.B. Goldin, K.
W. Gow, M. Langer, S.A. Vasudevan, J.G. Nuchtern, Primary malignant pulmonary
tumors in children: a review of the national cancer data base, J. Pediatr. Surg. 50
(6) (2015) 1004-1008.

J.Y. Yoon, K. Sigel, J. Martin, R. Jordan, M.B. Beasley, C. Smith, A. Kaufman,

J. Wisnivesky, M.K. Kim, Evaluation of the Prognostic Significance of TNM Staging
Guidelines in Lung Carcinoid Tumors, J. Thorac. Oncol. 14 (2) (2019) 184-192.
A.J. Degnan, S. Tocchio, W. Kurtom, S.S. Tadros, Pediatric neuroendocrine
carcinoid tumors: Management, pathology, and imaging findings in a pediatric
referral center, Pediatr. Blood Cancer 64 (9) (2017) e26477.

E.A. Sweet-Cordero, J.A. Biegel, The genomic landscape of pediatric cancers:
Implications for diagnosis and treatment, Science 363 (6432) (2019) 1170-1175.
L. Fernandez-Cuesta, et al., Frequent mutations in chromatin-remodelling genes in
pulmonary carcinoids, Nat. Commun. 5 (2014) 3518.

M. Simbolo, A. Mafficini, K.O. Sikora, M. Fassan, S. Barbi, V. Corbo, L. Mastracci,
B. Rusev, F. Grillo, C. Vicentini, R. Ferrara, S. Pilotto, F. Davini, G. Pelosi, R.

T. Lawlor, M. Chilosi, G. Tortora, E. Bria, G. Fontanini, M. Volante, A. Scarpa, Lung
neuroendocrine tumours: deep sequencing of the four World Health Organization
histotypes reveals chromatin-remodelling genes as major players and a prognostic
role for TERT, RB1, MEN1 and KMT2D, J. Pathol. 241 (4) (2017) 488-500.

K. Hemminki, X. Li, Familial carcinoid tumors and subsequent cancers: a nation-
wide epidemiologic study from Sweden, Int. J. Cancer 94 (3) (2001) 444-448.
M.F.M. van den Broek, J.M. de Laat, R.S. van Leeuwaarde, A.C. van de Ven, W.
W. de Herder, O.M. Dekkers, M.L. Drent, M.N. Kerstens, P.H. Bisschop, B. Havekes,
W.M. Hackeng, L.A.A. Brosens, M.R. Vriens, W.A. Buikhuisen, G.D. Valk, The
Management of Neuroendocrine Tumors of the Lung in MEN1: Results From the
Dutch MEN1 Study Group, J. Clin. Endocrinol. Metab. 106 (2) (2021)
e1014-e1027.

J.M. de Laat, C.R. Pieterman, M.F. van den Broek, J.W. Twisk, A.R. Hermus, O.
M. Dekkers, W.W. de Herder, A.N. van der Horst-Schrivers, M.L. Drent, P.

H. Bisschop, B. Havekes, M.R. Vriens, G.D. Valk, Natural course and survival of
neuroendocrine tumors of thymus and lung in MEN1 patients, J. Clin. Endocrinol.
Metab. 99 (9) (2014) 3325-3333.

P. Goudet, A. Murat, C. Binquet, C. Cardot-Bauters, A. Costa, P. Ruszniewski,

P. Niccoli, F. Ménégaux, G. Chabrier, F. Borson-Chazot, A. Tabarin, P. Bouchard,
B. Delemer, A. Beckers, C. Bonithon-Kopp, Risk factors and causes of death in
MENT1 disease. A GTE (Groupe d’Etude des Tumeurs Endocrines) cohort study
among 758 patients, World J. Surg. 34 (2) (2010) 249-255.

N. Sachithanandan, R.A. Harle, J.R. Burgess, Bronchopulmonary carcinoid in
multiple endocrine neoplasia type 1, Cancer 103 (3) (2005) 509-515.

T.Y. Sun, A. Hendifar, S.K. Padda, Lung Neuroendocrine Tumors: How Does
Molecular Profiling Help? Curr. Oncol. Rep. 24 (7) (2022) 819-824.

M.E. Caplin, E. Baudin, P. Ferolla, P. Filosso, M. Garcia-Yuste, E. Lim, K. Oberg,
G. Pelosi, A. Perren, R.E. Rossi, W.D. Travis, D. Bartsch, J. Capdevila, F. Costa,
J. Cwikla, W. de Herder, G. Delle Fave, B. Eriksson, M. Falconi, D. Ferone, D. Gross,
A. Grossman, T. Ito, R. Jensen, G. Kaltsas, F. Kelestimur, R. Kianmanesh, U. Knigge,
B. Kos-Kudla, E. Krenning, E. Mitry, M. Nicolson, J. O’Connor, D. O’Toole, U.-

F. Pape, M. Pavel, J. Ramage, E. Raymond, G. Rindi, A. Rockall, P. Ruszniewski,
R. Salazar, A. Scarpa, E. Sedlackova, A. Sundin, C. Toumpanakis, M.-P. Vullierme,
W. Weber, B. Wiedenmann, Z. Zheng-Pei, Pulmonary neuroendocrine (carcinoid)
tumors: European Neuroendocrine Tumor Society expert consensus and
recommendations for best practice for typical and atypical pulmonary carcinoids,
Ann. Oncol. 26 (8) (2015) 1604-1620.

A.G. Nicholson, M.S. Tsao, M.B. Beasley, A.C. Borczuk, E. Brambilla, W.A. Cooper,
S. Dacic, D. Jain, K.M. Kerr, S. Lantuejoul, M. Noguchi, M. Papotti, N. Rekhtman,
G. Scagliotti, P. van Schil, L. Sholl, Y. Yatabe, A. Yoshida, W.D. Travis, The 2021

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

WHO Classification of Lung Tumors: Impact of Advances Since 2015, J. Thorac.
Oncol. 17 (3) (2022) 362-387.

A.E. Walts, D. Ines, A.M. Marchevsky, Limited role of Ki-67 proliferative index in
predicting overall short-term survival in patients with typical and atypical
pulmonary carcinoid tumors, Mod. Pathol. 25 (9) (2012) 1258-1264.

C. Marchio, G. Gatti, F. Massa, L. Bertero, P. Filosso, G. Pelosi, P. Cassoni,

M. Volante, M. Papotti, Distinctive pathological and clinical features of lung
carcinoids with high proliferation index, Virchows Arch. 471 (6) (2017) 713-720.
L.T. Wang, E.W. Wilkins Jr., H.H. Bode, Bronchial carcinoid tumors in pediatric
patients, Chest 103 (5) (1993) 1426-1428.

G. Rizzardi, G. Marulli, F. Calabrese, M. Rugge, A. Rebusso, F. Sartori, F. Rea,
Bronchial carcinoid tumours in children: surgical treatment and outcome in a
single institution, Eur. J. Pediatr. Surg. 19 (04) (2009) 228-231.

H.A. Demir, et al., Primary pleuropulmonary neoplasms in childhood: fourteen
cases from a single center, Asian Pac. J. Cancer Prev. 12 (2) (2011) 543-547.
D.C. Yu, M.J. Grabowski, H.P. Kozakewich, A.R. Perez-Atayde, S.D. Voss, R.

C. Shamberger, C.B. Weldon, Primary lung tumors in children and adolescents: a
90-year experience, J. Pediatr. Surg. 45 (6) (2010) 1090-1095.

J.M. Curtis, D. Lacey, R. Smyth, H. Carty, Endobronchial tumours in childhood,
Eur. J. Radiol. 29 (1) (1998) 11-20.

B. Geramizadeh, et al., Pulmonary atypical carcinoid tumor in a 15-year-old girl: a
case report and review of the literature, Rare Tumors 5 (3) (2013) e45.

D.R. Lal, I. Clark, J. Shalkow, R.J. Downey, N.A. Shorter, D.S. Klimstra, M.P.

L. Quaglia, Primary epithelial lung malignancies in the pediatric population,
Pediatr. Blood Cancer 45 (5) (2005) 683-686.

S.L. Potter, J. HaDuong, F. Okcu, H. Wu, M. Chintagumpala, R. Venkatramani,
Pediatric Bronchial Carcinoid Tumors: A Case Series and Review of the Literature,
J. Pediatr. Hematol. Oncol. 41 (1) (2019) 67-70.

J. Brierley, M. Gospodarowicz, C. Wittekind, TNM Classification of Malignant
Tumours, 8th Edition. 2016: Wiley-Blackwell.

P. Goldstraw, et al., The IASLC Lung Cancer Staging Project: Proposals for Revision
of the TNM Stage Groupings in the Forthcoming (Eighth) Edition of the TNM
Classification for Lung Cancer, J. Thorac. Oncol. 11 (1) (2016) 39-51.

A. Redlich, K. Wechsung, N. Boxberger, I. Leuschner, P. Vorwerk, Extra-
appendiceal neuroendocrine neoplasms in children - data from the GPOH-MET 97
Study, Klin. Padiatr. 225 (06) (2013) 315-319.

T.J. Moraes, J.C. Langer, V. Forte, K. Shayan, N. Sweezey, Pediatric pulmonary
carcinoid: a case report and review of the literature, Pediatr. Pulmonol. 35 (4)
(2003) 318-322.

R. Saxena, M. Pathak, R. Shukla, A. Sinha, P. Elhence, J.N. Bharti, P. Khera,
Bronchial Carcinoid Tumour as a Rare Cause of Cushing’s Syndrome in Children: A
Case Report and Review of Literature, J. Clin. Res. Pediatr. Endocrinol. 12 (4)
(2020) 340-346.

K.M. Amer, et al., Lung carcinoid related Cushing’s syndrome: report of three cases
and review of the literature, Postgrad. Med. J. 77 (909) (2001) 464-467.

E. Baudin, M. Caplin, R. Garcia-Carbonero, N. Fazio, P. Ferolla, P.L. Filosso,

A. Frilling, W.W. de Herder, D. Horsch, U. Knigge, C.M. Korse, E. Lim, C. Lombard-
Bohas, M. Pavel, J.Y. Scoazec, A. Sundin, A. Berruti, Lung and thymic carcinoids:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up(sx), Ann.
Oncol. 32 (4) (2021) 439-451.

D. Granberg, A. Sundin, E.T. Janson, K. Oberg, B. Skogseid, J.-E. Westlin,
Octreoscan in patients with bronchial carcinoid tumours, Clin. Endocrinol. 59 (6)
(2003) 793-799.

Y. Jiang, G. Hou, W. Cheng, The utility of 18F-FDG and 68Ga-DOTA-Peptide PET/
CT in the evaluation of primary pulmonary carcinoid: A systematic review and
meta-analysis, Medicine (Baltimore) 98 (10) (2019) e14769.

S. Kriiger, A.K. Buck, N.M. Blumstein, S. Pauls, H. Schelzig, C. Kropf, C. Schumann,
F.M. Mottaghy, V. Hombach, S.N. Reske, Use of integrated FDG PET/CT imaging in
pulmonary carcinoid tumours, J. Intern. Med. 260 (6) (2006) 545-550.

H.A. Pattenden, M. Leung, E. Beddow, M. Dusmet, A.G. Nicholson, M. Shackcloth,
S. Mohamed, A. Darr, B. Naidu, S. Iyer, A. Marchbank, A. Greenwood, D. West,
F. Granato, A. Kirk, P. Ariyaratnam, M. Loubani, E. Lim, Test performance of PET-
CT for mediastinal lymph node staging of pulmonary carcinoid tumours, Thorax 70
(4) (2015) 379-381.

P.L. Filosso, F. Guerrera, A. Evangelista, S. Welter, P. Thomas, P.M. Casado, E.
A. Rendina, F. Venuta, L. Ampollini, A. Brunelli, F. Stella, M. Nosotti, F. Raveglia,
V. Larocca, O. Rena, S. Margaritora, F. Ardissone, W.D. Travis, I. Sarkaria,

D. Sagan, Prognostic model of survival for typical bronchial carcinoid tumours:
analysis of 1109 patients on behalf of the European Association of Thoracic
Surgeons (ESTS) Neuroendocrine Tumours Working Group, Eur. J. Cardiothorac.
Surg. 48 (3) (2015) 441-447.

D.G. Davila, W.F. Dunn, H.D. Tazelaar, P.C. Pairolero, Bronchial carcinoid tumors,
Mayo Clin. Proc. 68 (8) (1993) 795-803.

G. Papaxoinis, A. Lamarca, A.M. Quinn, W. Mansoor, D. Nonaka, Clinical and
Pathologic Characteristics of Pulmonary Carcinoid Tumors in Central and
Peripheral Locations, Endocr. Pathol. 29 (3) (2018) 259-268.

F. Rea, G. Rizzardi, A. Zuin, G. Marulli, S. Nicotra, R. Bulf, M. Schiavon, F. Sartori,
Outcome and surgical strategy in bronchial carcinoid tumors: single institution
experience with 252 patients, Eur. J. Cardiothorac. Surg. 31 (2) (2007) 186-191.
P.J. Kneuertz, M.K. Kamel, B.M. Stiles, B.E. Lee, M. Rahouma, S.W. Harrison, N.
K. Altorki, J.L. Port, Incidence and Prognostic Significance of Carcinoid Lymph
Node Metastases, Ann. Thorac. Surg. 106 (4) (2018) 981-988.

E. Lim, Y.K. Yap, B.L. De Stavola, A.G. Nicholson, P. Goldstraw, The impact of stage
and cell type on the prognosis of pulmonary neuroendocrine tumors, J. Thorac.
Cardiovasc. Surg. 130 (4) (2005) 969-972.


https://doi.org/10.1016/j.lungcan.2023.107320
https://doi.org/10.1016/j.lungcan.2023.107320
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0005
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0005
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0005
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0010
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0010
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0010
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0010
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0010
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0015
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0015
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0015
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0020
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0020
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0020
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0020
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0025
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0025
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0025
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0030
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0030
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0030
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0035
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0035
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0040
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0040
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0045
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0050
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0050
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0055
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0060
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0060
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0060
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0060
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0060
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0065
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0065
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0065
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0065
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0065
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0070
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0070
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0075
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0075
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0080
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0085
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0085
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0085
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0085
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0085
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0090
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0090
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0090
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0095
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0095
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0095
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0100
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0100
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0105
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0105
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0105
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0110
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0110
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0115
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0115
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0115
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0120
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0120
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0125
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0125
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0130
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0130
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0130
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0135
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0135
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0135
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0145
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0145
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0145
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0150
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0150
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0150
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0155
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0155
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0155
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0160
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0160
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0160
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0160
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0165
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0165
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0170
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0170
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0170
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0170
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0170
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0175
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0175
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0175
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0180
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0180
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0180
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0185
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0185
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0185
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0190
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0190
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0190
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0190
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0190
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0195
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0200
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0200
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0205
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0205
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0205
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0210
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0210
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0210
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0215
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0215
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0215
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0220
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0220
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0220

[45]

[46]

[47]

[48]

P. Robelin, J. Hadoux, J. Forestier, D. Planchard, V. Hervieu, A. Berdelou, J.-

Y. Scoazec, P.-J. Valette, S. Leboulleux, M. Ducreux, C. Lombard-Bohas, E. Baudin,
T. Walter, Characterization, Prognosis, and Treatment of Patients With Metastatic
Lung Carcinoid Tumors, J. Thorac. Oncol. 14 (6) (2019) 993-1002.

V. Ernani, A.K. Appiah, D. Rodriguez, Y. Kusne, S.E. Beamer, S. Ravanbakhsh,

D. Jaroszewski, P. Reck dos Santos, T.T. Sio, N. Yu, P. Yang, S. Schild, J. D’Cunha,
Lobar versus sublobar resection for atypical lung carcinoid: An analysis from the
National Cancer Database, Cancer 129 (6) (2023) 860-866.

M. Cattoni, E. Valliéres, L.M. Brown, A.A. Sarkeshik, S. Margaritora, A. Siciliani, P.
L. Filosso, F. Guerrera, A. Imperatori, N. Rotolo, F. Farjah, G. Wandell, K. Costas,
C. Mann, M. Hubka, S. Kaplan, A.S. Farivar, R.W. Aye, B.E. Louie, Sublobar
Resection in the Treatment of Peripheral Typical Carcinoid Tumors of the Lung,
Ann. Thorac. Surg. 108 (3) (2019) 859-865.

N. Fazio, R. Buzzoni, G. Delle Fave, M.E. Tesselaar, E. Wolin, E. Van Cutsem,

P. Tomassetti, J. Strosberg, M. Voi, L. Bubuteishvili-Pacaud, A. Ridolfi, F. Herbst,
J. Tomasek, S. Singh, M. Pavel, M.H. Kulke, J.W. Valle, J.C. Yao, Everolimus in
advanced, progressive, well-differentiated, non-functional neuroendocrine tumors:
RADIANT-4 lung subgroup analysis, Cancer Sci. 109 (1) (2018) 174-181.

[49]

[50]

[51]

[52]

[53]

J. Crona, I. Fanola, D.P. Lindholm, P. Antonodimitrakis, K. éberg, B. Eriksson,
D. Granberg, Effect of temozolomide in patients with metastatic bronchial
carcinoids, Neuroendocrinology 98 (2) (2013) 151-155.

D. Campana, T. Walter, S. Pusceddu, F. Gelsomino, E. Graillot, N. Prinzi,

A. Spallanzani, M. Fiorentino, M. Barritault, F. Dall’Olio, N. Brighi, G. Biasco,
Correlation between MGMT promoter methylation and response to temozolomide-
based therapy in neuroendocrine neoplasms: an observational retrospective
multicenter study, Endocrine 60 (3) (2018) 490-498.

T. Al-Toubah, B. Morse, J. Strosberg, Capecitabine and Temozolomide in Advanced
Lung Neuroendocrine Neoplasms, Oncologist 25 (1) (2020) e48-e52.

T. Aparicio, M. Ducreux, E. Baudin, J.-C. Sabourin, T. De Baere, E. Mitry,

M. Schlumberger, P. Rougier, Antitumour activity of somatostatin analogues in
progressive metastatic neuroendocrine tumours, Eur. J. Cancer 37 (8) (2001)
1014-1019.

A. Imhof, P. Brunner, N. Marincek, M. Briel, C. Schindler, H. Rasch, H.R. Macke,
C. Rochlitz, J. Miiller-Brand, M.A. Walter, Response, survival, and long-term
toxicity after therapy with the radiolabeled somatostatin analogue [90Y-DOTA]-
TOC in metastasized neuroendocrine cancers, J. Clin. Oncol. 29 (17) (2011)
2416-2423.


http://refhub.elsevier.com/S0169-5002(23)00858-9/h0225
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0225
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0225
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0225
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0230
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0230
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0230
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0230
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0235
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0235
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0235
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0235
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0235
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0240
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0240
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0240
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0240
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0240
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0245
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0245
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0245
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0250
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0250
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0250
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0250
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0250
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0255
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0255
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0260
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0260
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0260
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0260
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0265
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0265
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0265
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0265
http://refhub.elsevier.com/S0169-5002(23)00858-9/h0265

