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Abstract

Pulmonary carcinoids (PCs) display the common features of all well-differentiated
neuroendocrine neoplasms (NEN) and are classified as low- and intermediate-grade
malignant tumours (i.e. typical (TC) and atypical carcinoid (AC), respectively). There is a
paucity of randomised studies dedicated to advanced PCs and management principles
are drawn from the larger gastroenteropancreatic (GEP) NEN experience. There is
growing evidence that NEN anatomic subgroups have different biology and different
responses to treatment and, therefore, should be investigated as separate entities in
clinical trials. In this review, we discuss the existing evidence and limitations of tumour
classification, diagnostics and staging, prognostication and treatment in the setting of PC

with focus on unmet medical needs and directions for the future.

Introduction

Pulmonary carcinoids (PCs) are epithelial tumours displaying the common features of all
well-differentiated neuroendocrine neoplasms (NENs), namely, a well-conserved
endocrine morphology and the expression of the neuroendocrine markers chromogranin
A and synaptophysin. They represent 1-2% of pulmonary neoplasms and approximately
25% of all NENs (1-4). Although their characterisation follows similar rules compared to
other NENSs, the influence of the site of origin justifies specific studies. Among the NEN
spectrum, only one phase Il clinical trial (5) has been dedicated to thoracic carcinoids

highlighting the paucity of prospective evidence. In general, data regarding their




therapeutic management, but also best characterisation, is poor. The WHO classification
of pulmonary neuroendocrine tumours (NETs) uses different terminology compared to
that of gastroenteropancreatic (GEP) NETSs; the terms typical and atypical carcinoid are
used for well-differentiated low and intermediate grade pulmonary NETs respectively, as
opposed to neuroendocrine tumour grade 1 and grade 2 used in well-differentiated GEP
NETs. As for poorly-differentiated neuroendocrine carcinomas (NECs), the same
categories of small cell (SCLC) and large cell neuroendocrine carcinoma (LCNEC) are
used for both thoracic and GEP neoplasms, although different mitotic count thresholds
differentiate carcinoid from poorly-differentiated tumours or carcinomas in the pulmonary
and GEP NET cohorts respectively. Finally, the specific terminology of ‘carcinoma’ as a
synonym of poorly-differentiated neoplasms is only accepted in GEP NETSs but not in
pulmonary NETs in which the term ‘tumour’ refers to both well or poorly-differentiated
neoplasms. Due to their anatomical site-specific clinical characteristics and molecular
alterations, PCs should be evaluated separately from other NETs. Uniform terminology
is expected to allow for simplest communication in the NEN field. In this review, we align
our terminology with the WHO classification; with pulmonary carcinoids as a whole
referring to well-differentiated tumours as opposed to the poorly-differentiated

neuroendocrine carcinoma (e.g. SCLC and LCNEC).

CLASSIFICATION AND DIAGNOSTICS

PCs are classified according to the World Health Organisation (WHO) 2015

classification (6) and staged according to the 2017 revision of the Union Internationale
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Contre le Cancer /| American Joint Committee on Cancer (UICC/AJCC) TNM
classification (7). In addition, the European Neuroendocrine Tumour Society (ENETS)
(8) and North American Neuroendocrine Tumor Society (NANETS) (9) guidelines have
provided recommendations for additional pieces of standardisation that encompass
biochemical screening for hormonal syndrome, biomarker measurements, imaging for
staging including functional imaging, genetic screening and prognostic stratification
(Table 1). At diagnosis, the vast majority of PCs are sporadic, non-functioning, typical

carcinoids (TC to AC ratio 8-10:1), often diagnosed at an early. stage (8, 10).

Among the spectrum of NENs, several distinctive features of PCs, as compared to GEP
NETs should be recognised: (i) features of carcinoid syndrome may be atypical due to
secretion of histamine metabolites and symptoms can include lacrimation, wheeze and
sweating (11). Semiology is typically defined as a purple-red flush, potentially covering
the entire body, which can be intense and prolonged in duration as opposed to the more
red and patchier flushing seen with midgut NETs which typically does not last as long
and predominates on the face and upper trunk (11). Carcinoid syndrome may occur in
the absence of liver metastases as vasoactive peptides directly drain into the left heart
making mitral and aortic valves first exposed to dysfunction as a consequence (ii) the
histopathological WHO classification is based on morphology, mitotic count and the
presence or absence of necrosis only. The latest 2015 WHO classification (6) does
make reference to the Ki-67 proliferation index, however, only as a tool for the
differential diagnosis between carcinoids and high-grade SCLC and LCNEC, especially
in small biopsy samples with crushed and/or necrotic tumour cells. (iii) Most PCs are

diagnosed at an early stage, typically stage I-ll, which makes surgery of the primary a
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common first line management strategy in these patients; in addition, a long history of

routine lymph node dissection exists in the field of PC, also, (iv) a high diversity of

metastatic sites, including higher prevalence of bone and cerebral metastases, require

specific screening and treatment.

Several unmet medical needs are cited below that require specific studies to make the

characterisation and staging of PCs more precise.

1.

Diffuse idiopathic neuroendocrine cell hyperplasia (DIPNECH) is considered a
rare, pre-invasive condition of PCs and the natural history is poorly understood
(12). The prevalence in PCs is unclear, however, it is likely to be underestimated
given the absence of routine reporting of concomitant DIPNECH on
histopathology specimens and the often insufficient availability of background
lung parenchyma in the setting of lung biopsy. In addition, DIPNECH can also be
found in benign conditions associated with chronic cough, such as bronchiectasis
and interstitial fibrosis (13-16).

Previous studies have defined the different metabolism of serotonin in foregut
NETs, compared to midgut NETs, primarily due to the foregut deficiency in the
enzyme aromatic L-amino acid decarboxylase (17). A higher diversity of amine
and peptidic secretions has also been reported in foregut NETs (17). Carcinoid
syndrome is found in less than 5% of PC patients at the time of diagnosis (8) but
elevated urinary 5-HIAA levels can be found in reportedly 20% of cases of

metastatic PCs, as recently evidenced in the LUNA trial (5). These figures require
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further specification in prospective cohorts of patients. In addition, the incidence
of carcinoid heart disease in PC is poorly characterised.

. The WHO 2015 classification (6) recognises two categories of PCs based on
morphology, mitotic thresholds and the presence or absence of necrosis; typical
and atypical carcinoids. However, the role of Ki-67 labelling index in the
classification of PCs remains unclear, as opposed to GEP NETs where Ki-67 has
refined the classification system (18-21). Preliminary studies suggest an overlap
in the Ki-67 labelling index between typical and atypical cohorts (8, 22, 23), but
also a potential role of Ki-67 to improve the prognostic stratification (23-29) and
further data is needed to determine the utility of Ki-67 in PCs. In addition, high
mitotic counts above the current WHO threshold of 10 mitoses per 2 mm?, may
still be compatible with well-differentiated morphology; however such cases are
currently reported as “high-grade neuroendocrine carcinoma” (30). A distinct
WHO category may be defined in the future.

. Tumour staging for PCs is recommended according to the UICC-TNM system
however refinement of descriptive categories is needed. Nodal status (N) and its
impact on prognosis has been the most studied and N1 or N2 disease is
associated with poorer outcomes (31, 32). The prognostic implications of tumour
size (T), pleural invasion and multicentricity remains to be better outlined (31).
Most cases of multicentric PC represents synchronous rather than metachronous
disease, especially in the setting of DIPNECH, and analysis of Surveillance,
Epidemiology and End Results (SEER) and International Association for the
Study of Lung Cancer (IASLC) databases confirms favourable outcomes in

patients with PC and multiple pulmonary nodules (31). Hence, this subgroup of
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PC patients need to be staged differently from non-small cell lung cancer (31).
Studies with long-term follow-up, greater than 10 years, are also required to
determine the risk of relapse in the setting of R1 resection. Finally, prognostic
stratification of both localised and advanced PC are expected.

. Similar to all NENs, staging is best performed with a combination of conventional
and functional imaging. As compared to GEP NETs, PCs are characterised by a
higher frequency of bone and cerebral metastases (33, 34), but also a higher
diversity of metastatic sites including cutaneous, adrenal, thyroid, ovarian and
peritoneum. ENETS guidelines (35) acknowledge the superiority of MRI for
imaging of metastases to the brain and bone, however, it remains unclear what
imaging should be performed as a matter of routine in the staging and pre-
operative assessment of PCs and how that should differ compared to GEP NETs.
Somatostatin receptor imaging (SRI) is the pillar of functional imaging and PET
dedicated tracers, like ®®Ga-labelled somatostatin analogues (i.e. ®*Ga-DOTA-
TOC/TATE/NOC), have been developed with improved sensitivity (Sn 88-93%)
compared to historical somatostatin receptor scintigraphy (Sn 60-80%) (35). Whilst
®8Ga-DOTA somatostatin analogue PET/CT generally reveals additional
metastases compared to conventional imaging (e.g. CT/MRI) in well-differentiated
NET (35), especially of lymph nodes, bone and peritoneum, there are no
dedicated studies yet to determine the performance of SRI in the pre or post-
operative setting of early-stage PC, namely, for the detection of mediastinal node
metastases. A few studies dedicated to advanced PC have provided first
evidence that the rate of new sites discovered by SRI is above 10% supporting its

routine use (36). "®F-FDG PET/CT is currently recommended in aggressive PC,
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but due to its historical role in lung cancer, '®F-FDG PET/CT is frequently
performed first (37). FDG avidity has been reported in AC but also in TC,
supporting either WHO misclassification or different mechanisms of FDG uptake
in these patients which remains to be further explored. A recent systematic review
and meta-analysis (38) reported that '®F-FDG PET/CT has poor sensitivity (33%;
95% Cl 4-78%) but good specificity (94%; 95% Cl 89-97%) to detect the
presence of mediastinal lymph node metastases in pulmonary carcinoid tumours
(88% typical carcinoid morphology). As the presence of lymph node disease does
not preclude selection for surgery, the clinical utility of '®F-FDG PET/CT for
preoperative staging of the mediastinal nodes in patients with known carcinoid
tumours may be limited.

. PC is diagnosed in up to 5% of patients with multiple endocrine neoplasia type 1
(MEN1) (39-42). Follow-up of a prospective cohort of MEN1 patients, with primary
hyperparathyroidism and negative whole body imaging, is expected to clarify the
exact incidence of PCs in patients with MEN1 (NCT03348501). Screening CT or
MRI of the chest every 1-2 years is currently recommended in the MEN1
population for detection of pulmonary or thymic carcinoids (43), although the
optimum method for screening and the role of SRI has not been established. In
addition, it is unclear if MEN1-associated PCs behave more aggressively
compared to sporadic tumours.

. Although rare, PCs are the most frequent source of ectopic Cushing’s syndrome
(44-46). Historically, ACTH-secreting PCs were considered to behave more
aggressively than hormonally-quiescent tumours (47, 48); however, more recent

retrospective series suggest localised ACTH-secreting PCs of typical morphology,
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especially those amenable to curative surgery, may have prognoses comparable
to that of non-ACTH secreting typical PCs (45, 46, 49, 50). Nevertheless,
prognosis is determined by underlying tumour morphology, as well as adequate
control of hypercortisolaemia, since both affect morbidity and mortality (45, 46).
Further studies are required to better characterise the natural history and optimal
therapeutic interventions, especially in patients with disseminated disease and/or
refractory hormonal syndrome. Patients with functioning PCs should be included

in prospective clinical trials.

Prognostication

As for the majority of foregut-derived NETs, WHO histological classification is
considered the most powerful prognostic parameter, with UICC-TNM staging the second
most important prognostic parameter. Resection (R) status and the specification of node

dissection (e.g. number, regions) must be included in surgical and pathological reports.

Both local and distant recurrence have been reported with a frequency of 30 to 70%
reflecting heterogeneous populations but also non-standardised modality of staging and
follow-up. As a consequence, median recurrence-free survival of localised PC is
currently poorly studied, as well as the exact proportion of local versus distant relapse
and the precise anatomical locations of relapse. All of these parameters require
improved specification in prospective European cohorts with pre-defined modality of

follow-up and recurrence-free survival as a primary endpoint.




In metastatic PC, best prognostic stratification remains unknown. The respective value
of WHO histological classification and tumour burden is currently unexplored.
Preliminary results demonstrate that median overall survival (OS) in patients with
metastatic PC is between 5 and 10 years (51) suggesting room for watchful follow-up in

the absence of curative options. Poorer OS is observed in the metastatic AC cohort (51).

BIOMARKERS

The role of biomarkers has previously been limited. Serum chromogranin A may be a
marker of tumour burden but appears to have poor specificity and sensitivity (52-54).
The NETest, a PCR based 51 mRNA marker signature, has recently been suggested to
be a more sensitive and specific test for the detection of PCs and for identifying
progressive disease (55) but needs to be validated in prospective studies and in a large

population of patients.

There is growing understanding of the molecular characterisation of PCs however
further studies are needed. Molecular studies have demonstrated frequent alterations in
the chromatin remodelling genes, MEN1, PSIP1 and ARID1A, in PCs (56-59) and in
inactivating mutations in TP53 and RB1, amplification of MYC family members and
genetic alterations in the PISBK/AKT/mTOR pathway in SCLC (56, 57, 59, 60).

Conversely, mutations in chromatin remodelling genes, including those encoding histone

10
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modifiers and members of SWI-SNF complexes, can be found at similar rates in PCs
and lung neuroendocrine carcinomas suggesting a major role in lung neuroendocrine
tumour pathogenesis (61). The modality of mTOR pathway activation in PCs has to be
better understood as well as somatostatin receptor and other peptidic receptor
activation. Further work is needed to define the role of molecular profiling in the
diagnostic and prognostic stratification of PCs as well as the role in potentially guiding

treatment.

THERAPEUTICS

Control of hormone-related symptoms

No single study, or subgroup analysis, has explored the efficacy of somatostatin
analogue therapy with regard to the control of hormone-related symptoms. Also, the role
of locoregional therapy, including liver-directed transarterial embolisation, in the
treatment of carcinoid syndrome remains to be evaluated. Better characterisation of
carcinoid syndrome in advanced PC patients is considered the primary objective of
future studies including both clinical retrospective and prospective studies. The role of
telotristat ethyl should be evaluated in those patients with carcinoid syndrome who
become resistant to somatostatin analogue therapy. In patients with poorly controlled
Cushing’s syndrome and advanced PC, the decision to perform bilateral adrenalectomy
coincides with the need for active anti-tumour therapy. Such groups of patients could be
prospectively investigated to test the risk-benefit ratio in regard to the type of cortisol

lowering therapy (medical vs. surgical) and tolerance of anti-tumour agent.
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Surgery for localised disease

Surgical treatment of localised PC is extrapolated from surgical principles for localised
pulmonary neoplasms with a dedicated focus on lung-sparing surgery. The surgical
approach is dependent on size, location and WHO classification of the tumour. For
patients with peripheral lung tumours, consensus guidelines (8) recommend complete
anatomic resection (e.g. lobectomy, segmentectomy) however there is no prospective
data to guide the optimal surgical approach according to the final WHO classification.
Peripheral ACs may have an increased risk of local recurrence in the setting of a limited
sub-lobar resection (62). Parenchymal-sparing surgery (e.g. sleeve resection, sleeve
lobectomy) is favoured over pneumonectomy for patients with central airway TCs with

intraoperative frozen section of both bronchial margins (8, 9).

A long history of routine lymph node dissection exists in the field of PC. Consensus
guidelines recommend systematic lymphadenectomy since lymph node metastases may
be present in up to 25% of cases of TC and >50% in ACs (63, 64) but practice differs
across international centres (37) and thus highlighting the importance of

lymphadenectomy is an imperative.

Surgery for locoregional recurrence and metastatic disease

12




Evidence to guide the role of surgery in the management of locoregional recurrence is
limited to case reports (65) and consensus guidelines. Surgery for metastatic disease is
guided by the management principles of all NETs and is reserved for patients with
limited sites of disease where surgery with curative intent is possible for all sites, mainly
in the setting of slowly progressive TC. Primary resection and palliative metastasis
debulking should also be considered in the setting of an obstructive mass or refractory
hormonal syndrome (66). The role of palliative hepatic debulking in asymptomatic
patients remains uncertain. Although some retrospective GEP NET series suggest that
hepatic debulking is associated with improved survival (67-71), there is a lack of

comparative trials with systemic or locoregional therapy-in the setting of PC.

Surgery in the setting of multifocal PCs

There is no data to guide optimal surgical management of multicentric PC, especially in
the setting of DIPNECH. However, given the rarity of carcinoid syndrome and
metastastic spread.in this setting, a non-aggressive approach should be adopted in most
cases of DIPNECH. The management of multifocal carcinoid tumours needs to be
tailored according to the size, number and cell type of tumours, the possibility of

achieving complete resection and pre-existing lung function.

Follow-up after surgery

13




The optimal modality and duration of follow-up of PC after surgery is currently unknown
but needs to be guided by type of surgery, underlying tumour WHO classification, stage
and R status. Given the continuous decline of survival in PC patients over decades,
lifelong follow-up is the expected requirement. Series with median follow-up of 20 years
is recommended. Currently, endoscopic, conventional cross-sectional imaging and SRI
constitute the recommended procedures for monitoring. Local mediastinal nodes, liver
and bone are the most frequent sites of recurrence. Performance of non-irradiating
imaging modalities and increasingly lengthened interval of survey require prospective

validation.

Endobronchial management

The role of endoscopic treatment in localised PC has not been well-defined but it should
be limited to pre-operative disobliteration or for the palliation of patients unfit for surgical
intervention. Importantly, nodal involvement may be present in more than 25% of
patients and imaging techniques, including ®®Ga DOTA somatostatin analogue PET/CT,
may not be sufficient to exclude lymph node metastases. Endobronchial therapy (e.g.
laser via rigid bronchoscopy) may also act as a bridge to surgery when there is

intraluminal tumour causing obstructive pneumonia.

Locoregional therapies

Radiofrequency or cryoablation of the primary tumour are occasionally considered in

cases of residual or unresectable disease (8), although data is limited. Liver, bone and
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lung metastases also represent potential targets of radiofrequency ablation. Other liver
directed therapies for liver predominant disease includes bland particle embolisation
(transarterial embolisation, TAE), transarterial chemoembolisation (TACE) or
radioembolisation. Radiological response rates with bland or chemoembolisation have
been reported between 33 and 73% predominantly in the GEP NET population, however
less data is available on the efficacy of these therapies in PC patients. Specifically, the
role of locoregional therapy in the therapeutic management of carcinoid syndrome,

including bone- and or liver-directed therapies, remains to be evaluated.

Medical therapy in the adjuvant setting

Currently, there is no prospective randomised evidence or consensus on adjuvant
therapy in PCs after complete resection and clinical trials are needed in this setting.
Patients with atypical carcinoids, with higher incidence of positive regional lymph nodes
and disease recurrence, constitute the target subgroup of patients in whom adjuvant
therapy could be investigated; however, the feasibility of such a study is questioned due

to the long-term survival of these patients and also the relative scarcity of PC.

Medical therapy in the palliative setting

Treatment of advanced PCs is extrapolated from GEP NETs with the somatostatin
receptor and the mTOR pathway as common targets. To date, four retrospective trials

dedicated to PC therapeutic management and one randomised phase Il trial, LUNA (5),
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have been reported, highlighting the low level of evidence available. In addition, two
randomised phase lll trials, RADIANT-2 (72) and RADIANT-4 (73) have been published
that enrolled 10% and 30% of metastatic PCs, respectively. Currently, everolimus
constitutes the only approved drug based on the results of the RADIANT-4 trial.
Common to all NETs, there is also little evidence on the best sequencing of therapy
including somatostatin analogues, everolimus, cytotoxic chemotherapy and peptide

receptor radionuclide therapy.

Cytotoxic chemotherapy has traditionally utilised platinum-etoposide regimens, as per
SCLC, although response rates have been reported across diverse regimens in small,
retrospective series (74-78). Currently, due to an unfavourable risk-benefit ratio,
platinum-based chemotherapy is not recommended in metastatic PC as first line.
Response rates with chemotherapy have generally been poor in PCs (<15%) and the
interpretation of study results is limited by small patient numbers, mixed populations of
primary tumours and the absence of proven disease progression prior to enrolment.
Intuitively, one would anticipate that the role for chemotherapy is in the more aggressive
atypical carcinoid cohort, especially in those patients with high proliferative indices
and/or extensive necrosis. The alkylating agent, temozolomide, has demonstrated some
evidence of moderate efficacy in metastatic PC but again only in small, retrospective
series (79-81). Given its blood-brain barrier permeability, temozolomide could also be
beneficial in cases of PC with brain metastases and analysis of O°-methylguanine-DNA
methyl-transferase (MGMT) expression may help to select responders (80, 82, 83),

although prospective validation of this approach is lacking. Prospective studies

16




assessing the activity and toxicity of temozolomide, as monotherapy or in combination
with other therapeutic agents, as well as including MGMT status, is warranted in well-

differentiated PCs, especially in the atypical carcinoid cohort with progressive disease.
There is currently only one prospective combination temozolomide study in progress

dedicated to thoracic carcinoids; the phase Il clinical trial, ATLANT (NCT02698410).

Well-differentiated PCs frequently express somatostatin receptor subtype 2 (84-87) and
the role of somatostatin analogue therapy, specifically in metastatic or unresectable
PCs, is currently being assessed in the phase lll clinical trial, SPINET (NCT02683941).
Drawing from the GEP NET experience, there would also appear to be a role for peptide
receptor radionuclide therapy in the setting of somatostatin-receptor positive metastatic
PC, and prospective, randomised studies are needed. Data is currently limited, however,

responses in retrospective series of metastatic PC have been reported (88-93).

Tyrosine kinase receptors (e.g. VEGF, c-kit, PDGFRalpha, PDGFRbeta, EGFR) are
expressed in a significant number of patients with metastatic PCs (94). However, data
on the role of tyrosine kinase inhibitors and antiangiogenic agents in PC is lacking. A
phase Il study (95) evaluating the efficacy of sunitinib included 41 patients with carcinoid
tumours, of whom 14 were of foregut origin, including PC. The objective response rate in
patients with carcinoid tumours was 2.4% with stable disease in 83%. Pazopanib was
studied in the PAZONET study (96) as a sequencing treatment in progressive metastatic

neuroendocrine tumours and included a small cohort (n=5) of PCs. Six per cent and
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79% achieved partial response and stable disease respectively. The VEGF monoclonal
antibody, bevacizumab, showed efficacy in a phase Il study (97) where it was compared
with pegylated interferon. Of the 22 patients in the bevacizumab group, that included
four patients with PCs, 21 demonstrated a partial response. More studies investigating
the activity of tyrosine kinase inhibitors and antiangiogenic agents in metastatic PC are

needed.

FUTURE DEVELOPMENTS

Surgical resection is well-recognised as the treatment of choice for PCs, with best
chance of cure, especially in localised TC, however disease recurrence, perhaps very
delayed, is not uncommon in the PC population. Long term follow-up studies of post-
surgical PC patients are expected. Given the paucity of prospective data, the area of
most need in PCs relates to the optimal management of recurrent or advanced disease.
Response rates with systemic therapy remain modest and novel approaches must be
pursued. Data on the efficacy of peptide receptor radionuclide therapy in PC is awaited.
Retrospective studies have suggested differing treatment responses, rates of metastatic
disease and prognosis in metastatic AC versus TC and their different biology warrant
further exploration (51, 98, 99). Advanced technologies incorporating next-generation
sequencing, may help identify molecular biomarkers to guide treatment and inform
prognosis in the future, however, current supportive evidence in neuroendocrine
tumours is limited. Such technologies may also add to the questioning of the current

classification of TC and AC. Given the relative scarcity of the disease, individual clinical
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trials, based on origin of anatomical primary, are likely to be challenging and future large
phase Il trials must stratify NETs by primary site. Target-driven trials in phase | or Il
programs are of great promise in the setting of rare diseases, and the tailoring of new
strategies to identified molecular alterations with best driver potential, may help to

rapidly identify new promising agents.

REFERENCES

1. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, et al. One hundred
years after “carcinoid”: epidemiology of and prognostic factors for neuroendocrine
tumors in 35,825 cases in the United States. Journal of clinical oncology.
2008;26(18):3063-72.

2. Korse CM, Taal BG, van Velthuysen M-LF, Visser O. Incidence and survival of
neuroendocrine tumours in the Netherlands according to histological grade: Experience
of two decades of cancer registry. European Journal of Cancer. 2013;8(49):1975-83.

3. Naalsund A, Rostad H, Strgam EH, Lund MB, Strand T-E. Carcinoid lung tumors—
incidence, treatment and outcomes: a population-based study. European Journal of
Cardio-thoracic Surgery. 2011;39(4):565-9.

4. Rekhtman N. Neuroendocrine tumors of the lung: an update. Archives of
Pathology and Laboratory Medicine. 2010;134(11):1628-38.

5. Ferolla P, Brizzi MP, Meyer T, Mansoor W, Mazieres J, Do Cao C, et al. Efficacy
and safety of long-acting pasireotide or everolimus alone or in combination in patients
with advanced carcinoids of the lung and thymus (LUNA): an open-label, multicentre,
randomised, phase 2 trial. The Lancet Oncology. 2017.

6. Travis WD, Brambilla E, Burke A, Marx A, Nicholson AG. WHO classification of
tumours of the lung, pleura, thymus and heart: Lyon:International Agency for Research
on Cancer; 2015.

7. Amin MB, Edge SB, Greene F, Byrd D, Brookland RW, MK, Gershenwald JC,
CC, et al. AJCC cancer staging manual. 8th ed. New York: Springer; 2017.

8. Caplin ME, Baudin E, Ferolla P, Filosso P, Garcia-Yuste M, Lim E, et al.
Pulmonary neuroendocrine (carcinoid) tumors: European Neuroendocrine Tumor
Society expert consensus and recommendations for best practice for typical and atypical
pulmonary carcinoids. Annals of oncology. 2015;26(8):1604-20.

9. Phan AT, Oberg K, Choi J, Harrison Jr LH, Hassan MM, Strosberg JR, et al.
NANETS consensus guideline for the diagnosis and management of neuroendocrine
tumors: well-differentiated neuroendocrine tumors of the thorax (includes lung and
thymus). Pancreas. 2010;39(6):784-98.

19

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



10.  Gustafsson Bl, Kidd M, Chan A, Malfertheiner MV, Modlin IM. Bronchopulmonary
neuroendocrine tumors. Cancer. 2008;113(1):5-21.

11.  Greaves M, Burova E. Flushing: causes, investigation and clinical consequences.
Journal of the European Academy of Dermatology and Venereology. 1997;8(2):91-100.
12.  Wirtschafter E, Walts AE, Liu ST, Marchevsky AM. Diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia of the lung (DIPNECH): current best evidence. Lung.
2015;193(5):659-67.

13. Benson RE, Rosado-de-Christenson ML, Martinez-Jiménez S, Kunin JR, Pettavel
PP. Spectrum of pulmonary neuroendocrine proliferations and neoplasms.
Radiographics. 2013;33(6):1631-49.

14.  Gosney JR. Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia as a
precursor to pulmonary neuroendocrine tumors. CHEST Journal.
2004;125(5_suppl):108S-S.

15.  Miller MA, Mark GJ, Kanarek D. Multiple peripheral pulmonary carcinoids and
tumorlets of carcinoid type, with restrictive and obstructive lung disease. The American
journal of medicine. 1978;65(2):373-8.

16. Aguayo S, Miller Y, Waldron J, Bogin R, Sunday M, Staton G, et al. Brief report:
idiopathic diffuse hyperplasia of pulmonary neuroendocrine cells and airways disease.
The New England journal of medicine. 1992;327(18):1285-8.

17.  Van Sickle DG. Carcinoid tumors. Analysis of 61 cases, including 11 cases of
carcinoid syndrome. Cleveland Clinic quarterly. 1972;39(2):79.

18. Klimstra DS, Modlin IR, Coppola D, Lloyd RV, Suster S. The pathologic
classification of neuroendocrine tumors: a review of nomenclature, grading, and staging
systems. Pancreas. 2010;39(6):707-12.

19. Tang LH, Gonen M, Hedvat C, Modlin IM, Klimstra DS. Objective quantification of
the Ki67 proliferative index in neuroendocrine tumors of the gastroenteropancreatic
system: a comparison of digital image analysis with manual methods. The American
journal of surgical pathology. 2012;36(12):1761-70.

20. Sobin LH, Gospodarowicz MK, Wittekind C. TNM classification of malignant
tumours: John Wiley & Sons; 2011.

21. Rindi G, Kléppel G, Alhman H, Caplin M, Couvelard A, Herder W, et al. TNM
staging of foregut (neuro) endocrine tumors: a consensus proposal including a grading
system. Virchows Archiv. 2006;4(449):395-401.

22.  Pelosi G, Rindi G, Travis WD, Papotti M. Ki-67 Antigen in Lung Neuroendocrine
Tumors: Unraveling a Role in Clinical Practice. Journal of Thoracic Oncology.
2014;9(3):273-84.

23. Walts AE, Ines D, Marchevsky AM. Limited role of Ki-67 proliferative index in
predicting overall short-term survival in patients with typical and atypical pulmonary
carcinoid tumors. Modern Pathology. 2012;25(9):1258-64.

24.  Costes V, Marty-Ané C, Picot MC, Serre |, Pujol J-I, Mary H, et al. Typical and
atypical bronchopulmonary carcinoid tumors: a clinicopathologic and Kl-67-labeling
study. Human pathology. 1995;26(7):740-5.

25. Grimaldi F, Muser D, Beltrami C, Machin P, Morelli A, Pizzolitto S, et al.
Partitioning of bronchopulmonary carcinoids in two different prognostic categories by ki-
67 score. Frontiers in endocrinology. 2011;2:20.

20

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



26. Rugge M, Fassan M, Clemente R, Rizzardi G, Giacomelli L, Pennelli G, et al.
Bronchopulmonary carcinoid: phenotype and long-term outcome in a single-institution
series of Italian patients. Clinical Cancer Research. 2008;14(1):149-54.

27. Zahel T, Krysa S, Herpel E, Stenzinger A, Goeppert B, Schirmacher P, et al.
Phenotyping of pulmonary carcinoids and a Ki-67-based grading approach. Virchows
Archiv. 2012;460(3):299-308.

28.  Granberg D, Wilander E, Oberg K, Skogseid B. Prognostic markers in patients
with typical bronchial carcinoid tumors. The Journal of Clinical Endocrinology &
Metabolism. 2000;85(9):3425-30.

29.  Marchio C, Gatti G, Massa F, Bertero L, Filosso P, Pelosi G, et al. Distinctive
pathological and clinical features of lung carcinoids with high proliferation index.
Virchows Archiv. 2017;471(6):713-20.

30.  Quinn AM, Chaturvedi A, Nonaka D. High-grade Neuroendocrine Carcinoma of
the Lung With Carcinoid Morphology: A Study of 12 Cases. The American journal of
surgical pathology. 2017;41(2):263-70.

31.  Travis WD, Giroux DJ, Chansky K, Crowley J, Asamura H, Brambilla E, et al. The
IASLC Lung Cancer Staging Project: proposals for the inclusion of broncho-pulmonary
carcinoid tumors in the forthcoming (seventh) edition of the-TNM Classification for Lung
Cancer. Journal of Thoracic Oncology. 2008;3(11):1213-23.

32. Filosso P, Guerrera F, Evangelista A, Welter S, Thomas P, Casado P, et al.
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: European journal of cardio-thoracic surgery:
official journal of the European Association for Cardio-thoracic Surgery. 2015;48(3):441-
7; discussion 7.

33. Patchell RA, Posner JB. Neurologic complications of carcinoid. Neurology.
1986;36(6):745-.

34. Hilatky R, Suki D, Sawaya R. Carcinoid metastasis to the brain. Cancer.
2004;101(11):2605-13.

35. Sundin A, Arnold R, Baudin E, Cwikla JB, Eriksson B, Fanti S, et al. ENETS
Consensus Guidelines for the Standards of Care in Neuroendocrine Tumors:
Radiological, Nuclear Medicine and Hybrid Imaging. Neuroendocrinology.
2017;105(2):212-44.

36. Lamarca A, Pritchard DM, Westwood T, Papaxoinis G, Nonaka D, Vinjamuri S, et
al. 68Gallium DOTANOC-PET Imaging in Lung Carcinoids: Impact on Patients’
Management. Neuroendocrinology. 2017.

37.  Filosso PL, Guerrera F, Thomas P, Brunelli A, Lim E, Garcia-Yuste M, et al.
Management of bronchial carcinoids: international practice survey among the European
Society of Thoracic Surgeons. Future Oncology. 2016;12(17):1985-99.

38. Pattenden HA, Leung M, Beddow E, Dusmet M, Nicholson AG, Shackcloth M, et
al. Test performance of PET-CT for mediastinal lymph node staging of pulmonary
carcinoid tumours. Thorax. 2014:thoraxjnl-2014-205899.

39. Hemminki K, Li X. Familial carcinoid tumors and subsequent cancers: A nation-

wide epidemiologic study from Sweden. International journal of cancer. 2001;94(3):444-
8.

21

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



40. Sachithanandan N, Harle RA, Burgess JR. Bronchopulmonary carcinoid in
multiple endocrine neoplasia type 1. Cancer. 2005;103(3):509-15.

41. Leotlela P, Jauch A, Holtgreve-Grez H, Thakker R. Genetics of neuroendocrine
and carcinoid tumours. Endocrine-related cancer. 2003;10(4):437-50.

42.  Ferolla P, Daddi N, Urbani M, Semeraro A, Ribacchi R, Giovenali P, et al.
Tumorlets, multicentric carcinoids, lymph-nodal metastases, and long-term behavior in
bronchial carcinoids. Journal of Thoracic Oncology. 2009;4(3):383-7.

43. Thakker RV, Newey PJ, Walls GV, Bilezikian J, Dralle H, Ebeling PR, et al.
Clinical practice guidelines for multiple endocrine neoplasia type 1 (MEN1). The Journal
of Clinical Endocrinology & Metabolism. 2012;97(9):2990-3011.

44.  Isidori AM, Lenzi A. Ectopic ACTH syndrome. Arquivos Brasileiros de
Endocrinologia & Metabologia. 2007;51(8):1217-25.

45.  Isidori AM, Kaltsas GA, Pozza C, Frajese V, Newell-Price J, Reznek RH, et al.
The ectopic adrenocorticotropin syndrome: clinical features, diagnosis, management,
and long-term follow-up. J Clin Endocrinol Metab. 2006;91(2):371-7.

46. llias |, Torpy DJ, Pacak K, Mullen N, Wesley RA, Nieman LK. Cushing’s
syndrome due to ectopic corticotropin secretion: twenty years’ experience at the
National Institutes of Health. J Clin Endocrinol Metab. 2005;90(8):4955-62.

47.  Shrager JB, Wright CD, Wain JC, Torchiana DF, Grillo HC, Mathisen DJ.
Bronchopulmonary carcinoid tumors associated with Cushing's syndrome: a more
aggressive variant of typical carcinoid. The Journal of thoracic and cardiovascular
surgery. 1997;114(3):367-75.

48. Pass HI, Doppman JL, Nieman L, Stovroff M, Vetto J, Norton JA, et al.
Management of the ectopic ACTH syndrome due to thoracic carcinoids. The Annals of
thoracic surgery. 1990;50(1):52-7.

49. Davi MV, Cosaro E, Piacentini S, Reimondo G, Albiger N, Arnaldi G, et al.
Prognostic factors in ectopic Cushing’s syndrome due to neuroendocrine tumors: a
multicenter study. European journal of endocrinology. 2017;176(4):453-61.

50. Kamp K, Alwani R, Korpershoek E, Franssen G, De Herder W, Feelders RA.
Prevalence and clinical features of the ectopic ACTH syndrome in patients with
gastroenteropancreatic and thoracic neuroendocrine tumors. European Journal of
Endocrinology. 2016;174(3):271-80.

51.  Forde PM, Hooker CM, Boikos SA, Petrini |, Giaccone G, Rudin CM, et al.
Systemic therapy, clinical outcomes, and overall survival in locally advanced or
metastatic pulmonary carcinoid: a brief report. Journal of Thoracic Oncology.
2014;9(3):414-8.

52. Gut P, Czarnywojtek A, Fischbach J, Bgczyk M, Ziemnicka K, Wrotkowska E, et
al. Chromogranin A-unspecific neuroendocrine marker. Clinical utility and potential
diagnostic pitfalls. Archives of medical science: AMS. 2016;12(1):1-9.

53. Zatelli MC, Torta M, Leon A, Ambrosio MR, Gion M, Tomassetti P, et al.
Chromogranin A as a marker of neuroendocrine neoplasia: an Italian Multicenter Study.
Endocrine-related cancer. 2007;14(2):473-82.

54.  Modlin IM, Gustafsson Bl, Moss SF, Pavel M, Tsolakis AV, Kidd M.
Chromogranin A—biological function and clinical utility in neuro endocrine tumor
disease. Annals of surgical oncology. 2010;17(9):2427-43.

55. Filosso PL, Kidd M, Roffinella M, Lewczuk A, Chung K-M, Kolasinska-Cwikla A, et
al. The utility of blood neuroendocrine gene transcript measurement in the diagnosis of

22

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



bronchopulmonary neuroendocrine tumours and as a tool to evaluate surgical resection
and disease progression. European Journal of Cardio-Thoracic Surgery. 2017.

56. Fernandez-Cuesta L, Peifer M, Lu X, Sun R, Ozreti¢ L, Seidal D, et al. Frequent
mutations in chromatin-remodeling genes in pulmonary carcinoids. Nature
communications. 2014;5:3518.

57. Umemura S, Mimaki S, Makinoshima H, Tada S, Ishii G, Ohmatsu H, et al.
Therapeutic priority of the PIBK/AKT/mTOR pathway in small cell lung cancers as
revealed by a comprehensive genomic analysis. Journal of Thoracic Oncology.
2014;9(9):1324-31.

58. Govindan R, Ding L, Griffith M, Subramanian J, Dees ND, Kanchi KL, et al.
Genomic landscape of non-small cell lung cancer in smokers and never-smokers. Cell.
2012;150(6):1121-34.

59. George J, Lim JS, Jang SJ, Cun Y, Ozreti¢ L, Kong G, et al. Comprehensive
genomic profiles of small cell lung cancer. Nature. 2015;524(7563):47-53.

60. Vollbrecht C, Werner R, Walter RFH, Christoph DC, Heukamp LC, Peifer M, et al.
Mutational analysis of pulmonary tumours with neuroendocrine features using targeted
massive parallel sequencing: a comparison of a neglected tumour group. British journal
of cancer. 2015;113(12):1704-11.

61. Simbolo M, Mafficini A, Sikora KO, Fassan M, Barbi S, Corbo V, et al. 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. The Journal of pathology. 2017;241(4):488-500.
62. Filosso PL, Rena O, Guerrera F, Moreno Casado P, Sagan D, Raveglia F, et al.
Clinical management of atypical carcinoid and large-cell neuroendocrine carcinoma: a
multicentre study on behalf of the European Association of Thoracic Surgeons (ESTS)
Neuroendocrine Tumours of the Lung Working Group. European Journal of Cardio-
Thoracic Surgery. 2014;48(1):55-64.

63. Daddi N, Ferolla P, Urbani M, Semeraro A, Avenia N, Ribacchi R, et al. Surgical
treatment of neuroendocrine tumors of the lung. European journal of cardio-thoracic
surgery. 2004;26(4):813-7.

64. LimE, YapY, De Stavola B, Nicholson A, Goldstraw P. The impact of stage and
cell type on the prognosis of pulmonary neuroendocrine tumors. The Journal of thoracic
and cardiovascular surgery. 2005;130(4):969.

65. Stamatis G, Freitag L, Greschuchna D. Limited and radical resection for tracheal
and bronchopulmonary carcinoid tumour. Report on 227 cases. European journal of
cardio-thoracic surgery: official journal of the European Association for Cardio-thoracic
Surgery. 1989;4(10):527-32; discussion 33.

66. Pavel M, Costa F, Capdevila J, Gross D, Kianmanesh R, Krenning E, et al.
ENETS consensus guidelines update for the management of distant metastatic disease
of intestinal, pancreatic, bronchial neuroendocrine neoplasms (NEN) and NEN of
unknown primary site. Neuroendocrinology. 2016;103(2):172-85.

67. Franko J, Feng W, Yip L, Genovese E, Moser AJ. Non-functional neuroendocrine
carcinoma of the pancreas: incidence, tumor biology, and outcomes in 2,158 patients.
Journal of Gastrointestinal Surgery. 2010;14(3):541-8.

23

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



68. Yuan C-h, Wang J, Xiu D-r, Tao M, Ma Z-l, Jiang B, et al. Meta-analysis of liver
resection versus nonsurgical treatments for pancreatic neuroendocrine tumors with liver
metastases. Annals of surgical oncology. 2016;23(1):244-9.

69. Watzka F, Fottner C, Miederer M, Schad A, Weber M, Otto G, et al. Surgical
therapy of neuroendocrine neoplasm with hepatic metastasis: patient selection and
prognosis. Langenbeck's archives of surgery. 2015;400(3):349-58.

70. Mayo SC, Herman JM, Cosgrove D, Bhagat N, Kamel |, Geschwind J-FH, et al.
Emerging Approaches in the Management of Patients with Neuroendocrine Liver
Metastasis: Role of Liver-Directed and Systemic Therapies. Journal of the American
College of Surgeons. 2013;216(1):123-34.

71.  Sarmiento JM, Heywood G, Rubin J, listrup DM, Nagorney DM, Que FG. Surgical
treatment of neuroendocrine metastases to the liver:: a plea for resection to increase
survival. Journal of the American College of Surgeons. 2003;197(1):29-37.

72. Pavel ME, Hainsworth JD, Baudin E, Peeters M, Horsch D, Winkler RE, et al.
Everolimus plus octreotide long-acting repeatable for the treatment of advanced
neuroendocrine tumours associated with carcinoid syndrome (RADIANT-2): a
randomised, placebo-controlled, phase 3 study. The Lancet. 2011;378(9808):2005-12.
73. Yao JC, Fazio N, Singh S, Buzzoni R, Carnaghi C, Wolin E, et al. Everolimus for
the treatment of advanced, non-functional neuroendocrine tumours of the lung or
gastrointestinal tract (RADIANT-4): a randomised, placebo-controlled, phase 3 study.
The Lancet. 2016;387(10022):968-77.

74.  Wirth LJ, Carter MR, Janne PA, Johnson BE. Outcome of patients with pulmonary
carcinoid tumors receiving chemotherapy or chemoradiotherapy. Lung cancer.
2004;44(2):213-20.

75.  Granberg D, Eriksson B, Wilander E, Grimfjard P, Fjallskog M-L, Oberg K, et al.
Experience in treatment of metastatic pulmonary carcinoid tumors. Annals of oncology.
2001;12(10):1383-91.

76.  Moertel CG, Hanley JA. Combination chemotherapy trials in metastatic carcinoid
tumor and the malignant carcinoid syndrome. Cancer clinical trials. 1979;2(4):327-34.
77.  Sun W, Lipsitz S, Catalano P, Mailliard JA, Haller DG. Phase I/l study of
doxorubicin with fluorouracil compared with streptozocin with fluorouracil or dacarbazine
in the treatment of advanced carcinoid tumors: Eastern Cooperative Oncology Group
Study E1281. Journal of Clinical Oncology. 2005;23(22):4897-904.

78.  Turner N, Strauss S, Sarker D, Gillmore R, Kirkwood A, Hackshaw A, et al.
Chemotherapy with 5-fluorouracil, cisplatin and streptozocin for neuroendocrine
tumours. British Journal of Cancer. 2010;102(7):1106-12.

79. Crona J, Fanola |, Lindholm D, Antonodimitrakis P, ('f)berg K, Eriksson B, et al.
Effect of temozolomide in patients with metastatic bronchial carcinoids.
Neuroendocrinology. 2012;98(2):151-5.

80. Ekeblad S, Sundin A, Janson ET, Welin S, Granberg D, Kindmark H, et al.
Temozolomide as monotherapy is effective in treatment of advanced malignant
neuroendocrine tumors. Clinical Cancer Research. 2007;13(10):2986-91.

81.  Spada F, Fumagalli C, Antonuzzo L, Messerini L, Radice D, Di Rocco R, et al.
Capecitabine plus temozolomide (CAP-TEM) in patients with advanced neuroendocrine
neoplasms (NEN): An Italian multicenter retrospective analysis. American Society of
Clinical Oncology; 2014.

24

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



82. Hegi M, Diserens A, Gorlia T, Hamou M, de Tribolet N, Weller M, et al. MGMT
gene silencing and benefit from temozolomide in glioblastoma. The New England journal
of medicine. 2005;352(10):997-1003.

83. Kulke MH, Hornick JL, Frauenhoffer C, Hooshmand S, Ryan DP, Enzinger PC, et
al. O6-methylguanine DNA methyltransferase deficiency and response to temozolomide-
based therapy in patients with neuroendocrine tumors. Clinical Cancer Research.
2009;15(1):338-45.

84. Reubi J, Waser B, Schaer J-C, Laissue JA. Somatostatin receptor sst1-sst5
expression in normal and neoplastic human tissues using receptor autoradiography with
subtype-selective ligands. European journal of nuclear medicine. 2001;28(7):836-46.

85.  Reubi J. Regulatory peptide receptors as molecular targets for cancer diagnosis
and therapy. The quarterly journal of nuclear medicine: official publication of the Italian
Association of Nuclear Medicine (AIMN)[and] the International Association of
Radiopharmacology (IAR). 1997;41(2):63-70.

86. Binderup T, Knigge U, Mogensen AM, Hansen CP, Kjaer A. Quantitative gene
expression of somatostatin receptors and noradrenaline transporter underlying
scintigraphic results in patients with neuroendocrine tumors. Neuroendocrinology.
2008;87(4):223-32.

87. Kaemmerer D, Specht E, Sanger J, Wirtz RM, Sayeg M, Schulz S, et al.
Somatostatin receptors in bronchopulmonary neuroendocrine neoplasms: new
diagnostic, prognostic, and therapeutic markers. The Journal of Clinical Endocrinology &
Metabolism. 2015;100(3):831-40.

88. Russo GL, Pusceddu S, Prinzi N, Imbimbo M, Proto C, Signorelli D, et al. Peptide
receptor radionuclide therapy: focus on bronchial neuroendocrine tumors. Tumor
Biology. 2016;37(10):12991-3003.

89. lanniello A, Sansovini M, Severi S, Nicolini S, Grana CM, Massri K, et al. Peptide
receptor radionuclide therapy with 177Lu-DOTATATE in advanced bronchial carcinoids:
prognostic role of thyroid transcription factor 1 and 18F-FDG PET. European journal of
nuclear medicine and molecular imaging. 2016;43(6):1040-6.

90. van Vliet El, Krenning EP, Teunissen JJ, Bergsma H, Kam BL, Kwekkeboom DJ.
Comparison of response evaluation in patients with gastroenteropancreatic and thoracic
neuroendocrine tumors after treatment with [177Lu-DOTAO, Tyr3] octreotate. Journal of
Nuclear Medicine. 2013;54(10):1689-96.

91.  Mariniello A, Bodei L, Tinelli C, Baio SM, Gilardi L, Colandrea M, et al. Long-term
results of PRRT in advanced bronchopulmonary carcinoid. European journal of nuclear
medicine and molecular imaging. 2016;43(3):441-52.

92. Imhof A, Brunner P, Marincek N, Briel M, Schindler C, Rasch H, et al. Response,
survival, and long-term toxicity after therapy with the radiolabeled somatostatin analogue
[90Y-DOTA]-TOC in metastasized neuroendocrine cancers. Journal of clinical oncology.
2011;29(17):2416-23.

93. Brabander T, Van der Zwan WA, Teunissen JJ, Kam BL, Feelders RA, de Herder
WW, et al. Long-term efficacy, survival and safety of [177Lu-DOTAO, Tyr3] octreotate in
patients with gastroenteropancreatic and bronchial neuroendocrine tumors. Clinical
Cancer Research. 2017:clincanres. 2743.016.

94.  Granberg D, Wilander E, Oberg K. Expression of tyrosine kinase receptors in lung
carcinoids. Tumor Biology. 2006;27(3):153-7.

25

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



95. Kulke MH, Lenz H-J, Meropol NJ, Posey J, Ryan DP, Picus J, et al. Activity of

sunitinib in patients with advanced neuroendocrine tumors. Journal of Clinical Oncology.

2008;26(20):3403-10.

96. Grande Pulido E, Castellano DE, Garcia-Carbonero R, Teule A, Duran |, Fuster
et al. PAZONET: Results of a phase Il trial of pazopanib as a sequencing treatment in
progressive metastatic neuroendocrine tumors (NETSs) patients (pts), on behalf of the
Spanish task force for NETs (GETNE)—NCT01280201. American Society of Clinical
Oncology; 2012.

97. Yao JC, Phan A, Hoff PM, Chen HX, Charnsangavej C, Yeung S-CJ, et al.
Targeting vascular endothelial growth factor in advanced carcinoid tumor: a random
assignment phase Il study of depot octreotide with bevacizumab and pegylated
interferon alfa-2b. Journal of Clinical Oncology. 2008;26(8):1316-23.

98. Chong CR, Wirth LJ, Nishino M, Chen AB, Sholl LM, Kulke MH, et al.
Chemotherapy for locally advanced and metastatic pulmonary carcinoid tumors. Lung
Cancer. 2014;86(2):241-6.

99. Garcia-Yuste M, Matilla JM, Cueto A, Paniagua JMR; Ramos G, Carizares MA,
et al. Typical and atypical carcinoid tumours: analysis of the experience of the Spanish
Multi-centric Study of Neuroendocrine Tumours of the Lung. European Journal of
Cardio-Thoracic Surgery. 2007;31(2):192-7.

ENETS 2016 Munich Advisory Board Participants:

Bartsch Detlef UKGM GmbH, Marburg Germany

Arnold Rudolf University Hospital Marburg Germany

Baudin Eric Institut Gustave Roussy France

Bodei Lisa Memorial Sloan Kettering Cancer Center United States
Borbath Ivan Cliniques universitaires Saint-Luc Belgium

Capdevila Jaume Vall d'Hebron University Hospital. Vall Hebron Institute of
Oncology (VHIO). Spain

Caplin Martyn Royal Free Hospital, Dept. of Medicine United Kingdom
Chen Jie The first affiliated hospital, Sun Yat-sen University China

Costa Frederico Oncoclin Medicos Associados S/S Ltda. c/o Frederico Costa -
Regina Lima Brazil

Couvelard Anne Hopital Bichat, Service de Pathologie France

J,

26

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



Cwikta Jaroslaw B. Department of Radiology Faculty of Medical Sciences Univeristy
of Warmia and Mazury Poland

Davies Philippa United Kingdom

de Herder Wouter W. Erasmus MC, Dept. of Internal Medicine, Section of
Endocrinology Netherlands

Falconi Massimo Department of Surgery, Universita Vita e Salute ltaly
Falkerby Jenny Department of Endocrine Oncology Sweden

Fazio Nicola European Institute of Oncology ltaly

Ferone Diego University of Genova, ltaly

Frilling Andrea Department of Surgery and Cancer, Imperial College London,
Hammersmith Hospital United Kingdom

Garcia-Carbonero Rocio Hospital Universitario Doce de Octubre Spain
Glasberg Simona Israel

Gorbunova Vera Russian Federation

Grossman Ashley Royal Free London United Kingdom

Horsch Dieter Zentralklinik Bad Berka GmbH, CA Gastroenterologie Germany
Jensen Robert National Institute of Health, United States

Kaltsas Gregory National University of Athens, Dept. of Pathophysiology, Endocrine
Unit Greece

Kioppel Gunter Consultation Center for Pancreatic and Endocrine Tumors/Dept of
Pathology/TU-Munich-. Germany

Knigge Ulrich Peter Rigshospitalet, Dept. of Surgery (C2122) Denmark

Kos-Kudta Beata Department of Endocrinology and Neuroendocrine Tumors,
Medical University of Silesia Poland

Krejs Guenter J. Universitatsklinik fur Innere Medizin  Austria

Krenning Eric Erasmus MC Netherlands

Kulke Matthew Dana-Farber Cancer Institute United States

Lamberts Steven W.Jj Netherlands

Nieveen van Dijkum Elisabeth Amsterdam Working Hospital Netherlands

O'Connor Juan Manuel Instituto Fleming Argentina

27

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



O'Toole Dermot St. James's and St Vincnt's Univerrsity Hospitals & Trinity College
Dublin Ireland

Pape Ulrich-Frank ChariteCampus Mitte/Berlin  Germany

Partelli Stefano Pancreatic Surgery Unit, Pancreas Translational & Clinical Research
Center, San Raffaele Scientific Institute, "Vita-Salute" University, Milan, Italy.

Pavel Marianne Ellen Universitatsklinikum Erlangen Germany
Peeters Marc Antwerp University Hospital, Department of Oncology Belgium
Ramage John Hampshire Hospitals NHS Trust United Kingdom

Reed Nicholas Simon Beatson Oncology Centre/Gartnavel General
Hospital United Kingdom

Rindi Guido Policlinico Universitario A. Gemelli, Rome ltaly
Rinke Anja Uniklinikum Gie3en und Marburg Germany

Ruszniewski Philippe Department of Gastroenterology-Pancreatology, Beaujon
Hospital France

Sorbye Halfdan Haukeland University Hospital, Dept. of Oncology Norway

Sundin Anders Dept. Radiology, Inst. Surgical Sciences, Uppsala University,
Akademiska Sjukhuset, SE751 85 Uppsala, Sweden Sweden

Scoazec Jean-Yves Gustave Roussy, Biopathology France

Taal Babs G. Netherlands Cancer Centre Netherlands

Tiensuu Janson Eva . Uppsala University Sweden

Toumpanakis Christos Royal Free Hospital, London,UK United Kingdom

Valle Juan University of Manchester / The Christie NHS Foundation Trust  United
Kingdom

Vullierme Marie-Pierre Hopital Beaujon - Radiologie France

Welin Staffan Endocrine Oncology entrance 78D University hospital, Uppsala 751 85
Uppsala Sweden Sweden

Wiedenmann Bertram Charite Medical School and Hospital (Virchow),
Gastroenterology Germany

28

137.73.144.138 - 9/26/2018 4:04:20 AM

Downloaded by:
King's College London



Table 1. Recommendations for diagnosis and staging of pulmonary carcinoids.

Clinical history
e Presence of hormonal syndrome
e Family history of MEN1

Pathology

e WHO classification

e Immunohistochemistry
(chromogranin A, synaptophysin,
CD56, Ki-67)

e Multiple synchronous primaries;
DIPNECH features

e Specification of node dissection
(e.g. number, station)

e R status

Biochemistry
e Renal function, potassium,
calcium, glucose and plasma
chromogranin A
e 24h u-5HIAA in syndromic patients
e (Serum cortisol, ACTH, 24h urine
free cortisol, serum GHRH, IGF-1)*

Imaging

e TNM staging

e Multiphasic contrast-enhanced CT
chest and abdomen

e Dynamic contrast-enhanced MRI
Liver

e 111In-DTPA-scintigraphy or
preferably 8Ga-DOTA
somatostatin analogue PET/CT

e Consider '®F-FDG PET/CT in
atypical carcinoids or high grade
histopathology

e Whole spine MRI if symptoms

Bronchoscopy
e EBUS in selected cases

If considering surgery perform:
e Transthoracic echocardiography
e Respiratory function tests

Genetic screening
e MEN1 germline testing when
suspected

*Clinical symptoms suggestive of Cushing’s syndrome or acromegaly
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Table 2. Areas of unmet medical needs in pulmonary neuroendocrine tumours

Common terminology in the NEN field

WHO classification; role of Ki 67, necrosis as single criteria, relevance of high-grade carcinoid
category

Characterisation and prevalence of carcinoid syndrome

Characterisation of DIPNECH

Biomarkers with high sensitivity or specificity

Performance of SRI in the pre-operative setting and in metastatic PC patients

Prognostic recurrence free survival stratification for localised PC

Prognostic overall survival stratification for metastatic PC

Long-term follow-up of PC patients after surgical resection of primary tumour

Carcinoid syndrome rate of control with somatostatin analogues, telotristat ethyl or
locoregional therapies

Best therapeutic sequencing in localised and advanced PC complicated by ectopic Cushing’s
syndrome

Metastatic PC dedicated prospective clinical trials

Best therapeutic sequencing in advanced PC

Active translational research in refractory PC
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