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ABSTRACT The term diffuse idiopathic pulmonary neuroendocrine cell hyperplasia (DIPNECH) may
be used to describe a clinico-pathological syndrome, as well as an incidental finding on histological
examination, although there are obvious differences between these two scenarios. According to the World
Health Organization, the definition of DIPNECH is purely histological. However, DIPNECH encompasses
symptomatic patients with airway disease, as well as asymptomatic patients with neuroendocrine cell
hyperplasia associated with multiple tumourlets/carcinoid tumours. DIPNECH is also considered a pre-
neoplastic lesion in the spectrum of pulmonary neuroendocrine tumours, because it is commonly found in
patients with peripheral carcinoid tumours.

In this review, we summarise clinical, physiological, radiological and histological features of DIPNECH
and critically discuss recently proposed diagnostic criteria. In addition, we propose that the term
“DIPNECH syndrome” be used to indicate a sufficiently distinct patient subgroup characterised by
respiratory symptoms, airflow obstruction, mosaic attenuation with air trapping on chest imaging and
constrictive obliterative bronchiolitis, often with nodular proliferation of neuroendocrine cells with/without
tumourlets/carcinoid tumours on histology. Surgical lung biopsy is the diagnostic gold standard. However,
in the appropriate clinical and radiological setting, transbronchial lung biopsy may also allow a confident
diagnosis of DIPNECH syndrome.
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Background and current definition

Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia (DIPNECH) is a rare and poorly
understood pulmonary disorder that is being reported with increasing frequency. Initially described as
peripheral and multiple bronchial adenomas [1], DIPNECH was not fully recognised and named until
1992, when Aguavo et al. [2] reported on six nonsmoking patients (mainly females) with cough, exertional
dyspnoea and an obstructive or mixed obstructive/restrictive defect on pulmonary function test who, on
histological examination of the lung, had diffuse hyperplasia and dysplasia of pulmonary neuroendocrine
cells, multiple carcinoid tumourlets and peribronchiolar fibrosis obliterating small airways (e.g. constrictive
obliterative bronchiolitis). Pulmonary neuroendocrine cells have paracrine functions and are thought to
play an important role in lung development [3, 4]. Indeed, they are frequently found in the airways of fetal
and neonatal lungs, but decrease in density with age and are only present focally in adult airways [5, 6].

Histologically, DIPNECH may manifest as: 1) generalised proliferation of scattered neuroendocrine cells;
2) tiny nodular aggregates (neuroendocrine bodies); or 3) linear proliferation of neuroendocrine cells [7].
Although usually confined to the bronchial and bronchiolar epithelium, these proliferations can extend
beyond the basement membrane to form tumourlets (discrete neuroendocrine cell aggregates <5 mm in
diameter) or carcinoid tumours (nodules >5 mm in diameter). DIPNECH is recognised by the 2015 World
Health Organization (WHO) classification of lung tumours as a pre-neoplastic lesion [5]. In fact, while
overall there are insufficient well-documented data to support it as a pre-neoplastic condition, DIPNECH
is generally thought of as a precursor for malignancy. Foci of neuroendocrine cell hyperplasia (NECH)
may be found in a number of conditions in which they are thought to be reactive (e.g. exposure to tobacco
smoke, bronchopulmonary dysplasia, cystic fibrosis, asthma, diffuse panbronchiolitis, chronic exposure to
high altitude, bronchiectasis and pulmonary fibrosis) [8]; however, DIPNECH is considered a primary
neuroendocrine cell proliferation often accompanied by constrictive obliterative bronchiolitis [2, 9].

To date, DIPNECH has only been reported in case reports and in small case series. No consensus
radiological and/or pathological criteria exist for diagnosis. DIPNECH is defined by the WHO as
“generalised proliferation of scattered single cells, small nodules (neuroendocrine bodies) or linear
proliferation of pulmonary neuroendocrine cells that may be confined to the bronchial and bronchiolar
epithelium, include local extraluminal proliferation in the form of tumourlets, or extend to the development
of carcinoid tumours” [5]. However, this definition does not provide criteria on when the presence of
NECH should be considered “diffuse”, “idiopathic” or “pre-neoplastic”. Recently, MARCHEVSKY et al. [10]
reported on 70 consecutive surgical lung biopsies with multifocal neuroendocrine proliferations (including
NECH and/or more than one carcinoid tumourlet) diagnosed at their institution between 1993 and 2013.
Of note, of the 540 carcinoid tumours and 180 lung specimens with one or more carcinoid tumourlet
diagnosed during that timeframe, only these 70 cases displayed multifocal NECH in bronchiolar epithelium
and/or at least two tumourlets. Of these cases, 87% (61 out of 70) were females with a mean age of 72 years,
and the majority of patients (57 (81%) out of 70) had undergone surgery for a lung nodule/mass.
Importantly, and in contrast to the patients originally described by Acuavo et al. [2], none of these cases
had either histological features of constrictive obliterative bronchiolitis or had been diagnosed clinically as
DIPNECH before histological examination [10]. The authors also showed that the presence of at least five
neuroendocrine cells, isolated or in clusters, located within the basement membrane of the bronchiolar
epithelium of at least three bronchioles in combination with at least three carcinoid tumourlets (and in the
absence of conditions that could result in secondary NECH) can be used to diagnose DIPNECH in surgical
lung biopsy specimens. In other words, they proposed that variable manifestations of NECH in a patchy
distribution involving only some bronchioles along with a variable number of tumourlets, instead of diffuse
NECH involving most bronchioles, may be sufficient to reliably diagnose DIPNECH [10].

Pathologists may encounter NECH in a variety of settings such as: 1) constrictive obliterative bronchiolitis
in obstructive pulmonary disease; 2) peripheral carcinoid tumours as an incidental finding without clinical
relevance (generally in asymptomatic patients with normal pulmonary function tests); or 3) reactive
proliferation adjacent to infection, primary or metastatic cancers, or in the context of chronic pulmonary
diseases, such as pneumoconiosis, smoking-related interstitial lung disease, radiation pneumonitis,
exogenous lipoid pneumonia and pulmonary fibrosis (table 1) 1, 11-19].

In addition, while the diagnosis of NECH is purely histological, patients with DIPNECH usually have
clinical symptoms (cough and dyspnoea), airflow obstruction secondary to peribronchiolar fibrosis and
constrictive obliterative bronchiolitis and characteristic high-resolution computed tomography findings.
Overall, those are very different scenarios and we believe they should be more formally separated.

In this article, we reappraise the concept of DIPNECH within the spectrum of neuroendocrine cell
proliferations in the lung, and propose that DIPNECH syndrome be considered synonymous with the
condition described by Acuavo et al [2] (e.g a unique clinical, radiological and pathological entity) and
kept separate from conditions characterised by NECH but primarily identified histologically.
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TABLE 1 Settings in which DIPNECH syndrome and NECH may be encountered

DIPNECH syndrome Other forms of NECH

Obstructive lung disease +
Hypoxaemia +/—
Pneumoconiosis -
Smoking-related diseases -
Primary lung cancer -
Carcinoid tumours +
Metastatic lung cancer -
Infections -
Interstitial lung disease -

+ o+ 4+ o+ o+ o+ 4+ o+

DIPNECH: diffuse idiopathic pulmonary neuroendocrine cell hyperplasia; NECH: neuroendocrine cell
hyperplasia.

Clinical features
The most common clinico-radiological features of DIPNECH syndrome and other forms of NECH
identified histologically are summarised in table 2.

Demographic characteristics of DIPNECH are different from those of reactive NECH and of tumourlets/
carcinoid tumours. DIPNECH occurs predominantly in females (female-to-male ratio of approximately
10:1) with a mean age of 58 years, and is not associated with smoking [2, 5, 7, 20, 21]. Conversely, carcinoid
tumours preferentially occur in younger patients and, similar to reactive proliferation of neuroendocrine
cells, have no clear sex predilection [22, 23]. DIPNECH syndrome is typically characterised by an insidious
onset with chronic nonproductive cough, exertional dyspnoea and wheezing, which are spuriously attributed
to asthma, chronic obstructive pulmonary disease or gastro-oesophageal reflux disease [2, 5, 7, 20, 21].
Indeed, the diagnosis of DIPNECH is usually made several years after the onset of clinical symptoms, often
following the incidental discovery of a lung nodule (or nodules) on imaging, usually computed tomography
(CT), during investigations for other diseases or follow-up of extrathoracic malignancies [2, 5, 7, 20, 21, 24].
Other settings in which DIPNECH has been diagnosed include type 1 multiple neuroendocrine neoplasia
and ectopic secretion of adrenocorticotropic and growth hormone [5, 7, 20, 21, 25-30]. Lung function tests
reveal an obstructive or mixed obstructive/restrictive ventilatory defect in the vast majority of cases, whereas
a purely restrictive pattern is rare [2, 5, 7, 20, 21]. Some patients with DIPNECH may also have normal
spirometry. The clinical course is characterised by a slowly progressive functional decline or long-term
stability; however, a rapidly progressive and life-threatening clinical course has also been reported in a small
subset of patients (<10%) [2, 5, 7, 20, 21, 24, 25].

TABLE 2 Clinico-pathological and computed tomography (CT) features of DIPNECH syndrome
and NECH

DIPNECH syndrome Other forms of NECH
Clinical features
Age years 50-60 30-70
Sex Mostly females Mainly females
Symptoms +/— -
Pulmonary function abnormality +/— -
Presence of carcinoid +/— +/-*
Constrictive bronchiolitis + -
CT features
Mosaic perfusion + -
Nodules + +
Mucoid impaction +/— -
Bronchiectasis +/— -
Bronchial wall thickening +/— -
Atelectasis +/— -

DIPNECH: diffuse idiopathic pulmonary neuroendocrine cell hyperplasia; NECH: neuroendocrine cell
hyperplasia. #: bronchial carcinoids with peritumoral tumourlets may be seen.
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Radiological features

A diagnosis of DIPNECH is virtually impossible on conventional chest radiography, particularly in
asymptomatic patients. CT abnormalities are those of airway-related diseases, and include mosaic
attenutation (figure la), bronchial wall thickening, bronchiectasis and mucoid impactions (figure 1b).
However, mosaic attenuation with air trapping, which is due to constrictive bronchiolitis and is
characterised by a patchwork of low-attenuation lung that is interposed with normally ventilated higher
attenuation lung, is the predominant finding (figure 1b) [5, 7, 8, 20, 21, 31-33]. Mosaic attenuation and
air trapping, which can be the sole and indirect features of small airway obstruction, are better appreciated
on expiratory CT scans [5, 7, 8, 20, 21, 31-33]. The growth of neuroendocrine cells may also manifest as
nodular aggregates of various size in the lung parenchyma (figure 1c and d). In fact, nodules are the most
common findings in DIPNECH and may be the sole or predominant abnormality. They are
round-to-ovoid, generally of solid density or ground-glass attenuation and correspond to either tumourlets
(<5 mm) or carcinoid tumours (>5 mm) depending on their size [5, 8, 31-33]. More than 60% of patients
with DIPNECH have multiple nodules, usually with a unique or a few dominant lesions corresponding to
carcinoid tumours and tiny, ground-glass, nodular bronchiolocentric opacities corresponding to
tumourlets [5, 7, 8, 20, 21, 31-33].

In the appropriate clinical (e.g. middle-aged female, nonsmoker, with obstructive or mixed obstructive/
restrictive ventilatory defect) and radiological (e.g. combination of small nodules, features of constrictive
bronchiolitis and mosaic attenuation) setting, experienced thoracic radiologists may suggest a diagnosis of
DIPNECH. In such context, transbronchial lung biopsy may allow a confident diagnosis of DIPNECH
syndrome [21], although surgical lung biopsy remains the diagnostic “gold standard” [5, 7, 8, 20, 21, 31-33].
DIPNECH syndrome can be diagnosed based on clinical data and imaging features alone (e.g. without
histology), although with unclear specificity [21].

Histological features

A spectrum of histological abnormalities can be observed in DIPNECH syndrome. Indeed, NECH may
appear as a generalised proliferation of scattered neuroendocrine cells, linear proliferation or micronodules
(neuroendocrine bodies) (figure 2) [1]. Linear growth of scattered neuroendocrine cells along the

.

FIGURE 1 Computed tomography scan of a 47-year-old female with diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia showing a) mosaic attenuation, b) bronchial thickening and several nodules
of different size corresponding to c) typical carcinoid and d] tumourlets.
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FIGURE 2 Linear neuroendocrine cell hyperplasia with thickening of the a) bronchiolar mucosa and b)
intrabronchiolar growth.

bronchiolar mucosa may be difficult to appreciate without specific neuroendocrine markers (particularly
chromogranin A and synaptophysin) [5]. Tumourlets are tiny (<5 mm), irregular neuroendocrine cell
growths infiltrating the basal membrane of the bronchioles (figure 3). Carcinoid tumours are >5 mm in
size and subdivided into typical and atypical according to their mitotic rate (<2 or 2-10x10
high-power-fields, respectively) and the presence of punctate necrosis [5, 22, 34].

Constrictive obliterative bronchiolitis, which represents the histological hallmark of DIPNECH, is
characterised by mild, chronic inflammatory cell infiltrate, wall thickening and fibrosis of involved airways
that lead to progressive narrowing and, in severe cases, complete obliteration of the bronchiolar lumen
(figure 4) [20]. Constrictive obliterative bronchiolitis is thought to result from neuroendocrine cell
production of potentially fibrogenic cytokines, such as bombesin, although the presence of associated
inflammation may be a contributing factor [20, 35].

Immunohistochemical features

All neuroendocrine proliferations observed in NECH and DIPNECH express the most common markers
of neuroendocrine cell differentiation, such as chromogranin A, synaptophysin and CD56, as well as the
less specific antibodies for neuron-specific enolase and PGP9.5. Thyroid transcription factor-1 is also
commonly expressed, but the intensity of the staining is weak-to-moderate and not specific for
neuroendocrine cells (figure 5) [5, 22, 34]. Neuroendocrine cells constantly stain positive for CD10,
whereas expression of gastrin-releasing peptide (bombesin), bcl-2, retinoblastoma protein, p27 and
calcitonin is variable. Staining for oestrogen and progesterone receptors, CDX2, ¢c-KIT (CD117), p63, p40,
napsin, high-molecular weight cytokeratins, adrenocorticotropic hormone, human gonadotropin-a,
corticotropin-releasing hormone, met-enkephalin, vasoactive intestinal polypeptide, neurotensin and
growth hormone-releasing hormone is generally negative [5, 22, 23, 34, 36-40].

Expression of somatostatin receptors type 2 and mammalian target of rapamycin (mTOR) signalling
activation patterns has also been reported [41-43]. Finally, expression of p53, Ki67 and pl6 is seen more
consistently and earlier in DIPNECH than in reactive neuroendocrine cell proliferations [5, 22, 23].

FIGURE 3 A tumourlet surrounding a) a bronchiole and b) completely obscuring the bronchial lumen with
fibrotic stroma.
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FIGURE 4 Constrictive obliterative bronchiolitis in different phases of progression. a) Partial narrowing of the
lumen and b) complete obliteration of the bronchiole.

Differential diagnosis

Neuroendocrine cell growths and tumourlets may be confused with meningothelial cell proliferations/
nodules [44, 45]. Meningothelial cell lesions may be solitary or multiple and are characterised by a
perivascular rather than bronchiolar proliferation. In addition, these cells are spindle shaped, and often
show nuclear pseudoinclusions along with immunoprofile of meningiomas [44, 45]. Positive staining with
CD56 may be misleading since both neuroendocrine cells and meningothelial-like proliferations may
express CD56 [44].

Once a diagnosis of NECH is established, the next crucial step is to identify possible underlying causes
and discriminate DIPNECH from other forms of NECH. This requires the availability of clinical,
functional and imaging data. However, a meticulous examination of the lung specimen, particularly
looking for the presence of constrictive obliterative bronchiolitis, may suggest the diagnosis of DIPNECH.
From a clinical standpoint, the main differential diagnosis is metastatic cancer of the lung, particularly
when patients with DIPNECH have previous history of cancer [5, 7, 20, 21].

Management and prognosis

Data on treatment, long-term follow-up and outcomes in patients with DIPNECH are limited. Therapeutic
options have included oral and inhaled steroids, chemotherapy, surgical lung resection and lung
transplantation, as well as clinical observation alone for mild and stable cases [5, 7, 20, 21]. Despite the lack of
clear evidence of efficacy, the majority of symptomatic patients are treated with steroid-based therapy [20].
Corticosteroids may reduce the inflammatory response induced by neuroendocrine cell-secreted neuropeptides
[35], and may improve symptoms. Conversely, cytotoxic agents are largely ineffective and not recommended.
Octreotide, a somatostatin analogue shown to reduce the hormonal hypersecretion of neuroendocrine cells in
gastrointestinal and bronchial carcinoids [46], has been used with some success, particularly in the presence of
somatostatin receptors [47]. CHAaUHAN and RaMIRez [47] retrospectively evaluated five cases of DIPNECH
among 184 cases of primary pulmonary neuroendocrine tumours and observed significant improvement of
symptoms (cough) in four patients treated with somatostatin analogues. Similar results have recently been
reported by CARr et al. [21]. Similar to gastrointestinal carcinoids, cases of DIPNECH displaying activation of
the mTOR pathway, particularly those experiencing disease progression despite treatment, may potentially

La

FIGURE 5 Neuroendocrine cells express a) chromogranin A and b) thyroid transcription factor (TTF)-1 at
immunohistochemistry. Note the weaker staining of TTF-1 when compared with normal pneumocytes.
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benefit from mTOR inhibitors [42, 43]. However, although the activation of the mTOR pathway in DIPNECH
appears to be similar to that observed in sporadic carcinoid tumours [42, 43], at present there are no robust
data on the safety and efficacy of mTOR inhibitors in patients with DIPNECH.

The prognosis of DIPNECH is highly variable. Indeed, while the majority of cases follow a chronic, slowly
progressive or stable clinical course, those characterised by marked constrictive bronchiolitis may progress
to severe airflow obstruction and respiratory failure requiring lung transplantation [5, 7, 20, 21]. Treatment
and prognosis of multifocal NECH vary based on the setting in which neuroendocrine cell proliferation
occurs. In cases of carcinoid tumours, treatment and prognosis depend on tumour stage and histology.

Tables 3 and 4 summarise the main features of patients with DIPNECH (i.e. demographics, disease
duration, treatment, long-term outcome, most common presenting symptoms, lung function, and
radiographic and histological findings) based on a comprehensive review of the literature.

Discussion

The definition of DIPNECH as proposed by the WHO classification of lung tumours encompasses not
only the condition initially described by Acuavo et al. [2] in 1992, but also a variety of other conditions in
which neuroendocrine cell proliferation can be encountered [82]. According to the original report by
Aguavo et al. [2], DIPNECH is a disorder with a strong female preponderance characterised histologically
by a diffuse, bronchiolocentric proliferation of neuroendocrine cells at the periphery of the lung,
radiologically by ground-glass opacity, mosaic attenuation with air trapping, bronchial wall thickening and
pulmonary nodules, and clinically by symptoms of airflow limitation secondary to constrictive obliterative
bronchiolitis. We believe the term DIPNECH syndrome should be restricted to this subset of patients and
suggest the term “DIPNECH with airway disease” to better define them.

At present, the term DIPNECH is used in two completely different scenarios. The first and most common
is a pathology-based setting in which DIPNECH is defined by the presence of foci of neuroendocrine cell
hyperplasia and tumourlets, usually in the context of a carcinoid tumour. These cases do not have clinical
or radiological features of airway disease, and their treatment and prognosis depend on the stage and type
of the associated carcinoid tumour. Therefore, most cases of DIPNECH diagnosed histologically in routine
practice (and the majority of those reported in the literature to date) merely represent an incidental
finding in asymptomatic patients without significant radiological abnormalities [6, 7, 10]. Indeed, in most
of the cases reported by Davies et al. [7] and MARCHEVSKY et al. [10], DIPNECH was an incidental finding
in asymptomatic patients with carcinoid tumours. Scattered neuroendocrine cell proliferation in the
parenchyma adjacent to the tumour is observed in the majority of peripherally located carcinoid tumours
of the lung [I, 12, 13]. However, this finding largely depends on the number of samples taken for
histological examination. In fact, although more frequent in neuroendocrine neoplasms, NECH and
tumourlets are incidentally observed in 14% of lobectomies from patients with nonsmall cell lung cancer
[83]. In this regard, and consistent with the data from Rizvi et al. [83] and MiLLer and MuLLEr [12],
multiple foci of NECH and/or tumourlets were observed in all cases of surgically resected peripheral
carcinoids (18 out of 18) where at least three samples taken from the “normal” lung tissue surrounding the
tumour were available (G.Rossi, unpublished observation). Notably, in this latter case series only two
(11%) out of 18 patients had mosaic attenuation on chest CT (an indirect sign of constrictive bronchiolitis,
which was confirmed histologically) and only one (6%) had symptoms caused by airflow obstruction.

Open questions and our proposal

MARCHEVSKY et al. [10] have recently suggested the presence of multifocal NECH combined with more
than three tumourlets as the minimum pathological criteria for the diagnosis of DIPNECH. Although the
proposed diagnostic criteria are more reliable and reproducible, they are based on morphological features
only, thus somehow limiting DIPNECH to a pathological entity [10]. Using the same pathological criteria,
WIRTSCHAFTER et al. [6] have evaluated 30 patients with DIPNECH and systematically reviewed 169 cases
reported in the English literature. They confirmed that the criteria adopted to diagnose DIPNECH differ
significantly across published case series and case reports. In addition, they observed that only 55 (28%)
out of 199 cases in their systematic review had obliterative or constrictive bronchiolitis, thus providing
further support to the conceptual separation of DIPNECH from other forms of NECH of the lung. An
alternative is to consider DIPNECH as synonymous with Aguayo’s disease. However, overall, only a
minority of patients with DIPNECH have clinically relevant airflow obstruction, even in cases with
histological evidence of increased airway wall thickening, chronic inflammation and constrictive
obliterative bronchiolitis [7]. In order to restrict the diagnosis of DIPNECH to a more homogenous subset
of patients, we propose the term “DIPNECH syndrome” or “DIPNECH with airway disease”, to indicate
patients with a chronic history of respiratory symptoms (cough and dyspnoea), obstructive airway disease
and radiological abnormalities. In this setting, treatment and prognosis mainly depend on the severity of
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TABLE 3 Demographics, disease duration, treatment and long-term outcome in patients with DIPNECH

First author [ref.] Cases n Males/females n Age years Smoking history Disease durationT Treatment” Long-term outcome?
current/ex/non® Yes No Improved Stable Progressed
Case reports [20, 24, 29, 30, 48-73] 30 3/27 61 (36-81) 2/8/20 7.8 (0-25) years 14 10 4 16 4
AsranTEes [74] 3 60/72/80 3 months/6 months/ 0 3 0 3 0
6 months
Acuavo [2] 6 2/4 57 (22-76) 0/0/6 14.5 (3-20) years 4 2 0 5 1
Augry [13] 28 2/26 65 (45-84) 1/12/15 10 2
Baniak [75] 6 1/5 72 (62-92) 3/0/2 5.4 (0-25) years
Carr [21] 30 0/30 62 (45-75) 0/11/19 Often >10 years 30f 117
CHaunaN [47] 5 0/5 65 (56-72) 41 1 4
CoLeTTa [76] 3 49/76/64 0/0/3 2 weeks/6 months/ 3 0 0 2 1
10 years
Davies [7] 19 4/15 57 (46-78) 1/4/12 Mean 8.5 years 2 8 " 2
GorsHTeEIN [77] 11 0/11 63 (53-74) 0/2/9 15.8 (2-15) years 6** 5 0 5 6
Gosney [23] 7 1/6 65 (42-76)
Lee [32] 5 0/5 54 (45-63) >10 years
Lim [78] 2 72/56 0/2/0
MarchEvsky [10] 30 0 21 5
Reves [79] 2 67/40 2 0 2 0 0
Rowan [80] 2 45/52 0/0/1 Chronic
Swicris [81] 4 0/4 59 (47-66) 0/0/4 Since childhood/ 1 3 0
adolescence in two
patients
Znou [26] 2 59/67 0/0/2 0 288 0 2 0

Data are presented as mean (range), unless otherwise stated. Only studies that reported, along with histological findings, at least two of the following were included: presence or absence
of symptoms, radiographic abnormalities and long-term outcome. DIPNECH: diffuse idiopathic pulmonary neuroendocrine cell hyperplasia. #: data may not be available for all patients or
may be difficult to ascertain from individual studies; : data may not be available for all patients or may be difficult to ascertain from individual studies; *: mainly incudes bronchodilators
and inhaled or systemic corticosteroids, data may not be available for all patients or may be difficult to ascertain from individual studies; §: data may not be available for all patients or
may be difficult to ascertain from individual studies; /: treatment consisted of oral steroids and/or inhaled steroids and/or octreotide; ##: the authors reported progressive decline in most
patients; however, 10 patients had significant disease progression and one died of progressive obliterative bronchiolitis; 7 all patients were treated with sandostatin; **: treatment
consisted of octreotide acetate (n=5) and lanreotide (n=1); $8: both patients underwent double lung transplantation.
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TABLE 4 Most common symptoms and lung function, radiographic and histologic findings in patients with DIPNECH

First author [ref.] Cases Respiratory Lung function test" HRCT findings* Pathology
symptoms*
Yes No Obstructive Mixed/ Nodules Air Mosaic Other$
restrictive trapping  attenuation
Case reports [20, 24, 29, 30, 48-73] 30 26 4 18 4 23 8 7 10 NECH + tumourlets, + carcinoid
tumours + constrictive
bronchiolitis + peribronchial
fibrosis
AsraNTES [74] 3 3 0 1 0 3 NECH + tumourlets +
carcinoid tumours
Acuavo [2] 6 6 0 4 1 5 1 1 NECH # carcinoid tumours
Ausry [13] 28 19 9 16 26 1 1 2 NECH % tumourlets,
+ carcinoid tumours
Baniak [75] b b 0 3 4 1 NECH + tumourlets +
invasive carcinoma
Carr [21] 30 30 0 26 4 26 25 21 20 NECH + tumourlets + carcinoid
tumours * constrictive
bronchiolitis
CHaunan [47] 5 5 0 5 0 0 0 NECH # carcinoid tumour
CoLetTa [76] 3 3 0 3 0 2 3 1 NECH # carcinoid tumours *
constrictive bronchiolitis +
bronchiolitis obliterans
Davies [7] 19 9 10 8 4 18 5 5 4 NECH + tumourlets +
constrictive bronchiolitis
GorsHTEIN [77] 1 6 5 7 1" 0 0 2 NECH
Gosney [23] 7 4 3 7 NECH # carcinoid tumours *
constrictive bronchiolitis
Lee [32] 5 5 0 3 2 3 5 5 5 NECH + tumorlets,
+ carcinoid tumours
Lim [78] 2 2 0 1 2 0 0 0 NECH + tumourlets +
carcinoid tumours
Marchevsky [10] 30 22 8 4 2 28 0 0 3 NECH + tumourlets +
carcinoid tumours
Reves [79] 2 2 0 0 0 1 1 NECH + tumourlets
Rowan [80] 2 2 0 1 1 0 0 0 2 NECH + focal obliterative
bronchiolitis
Swieris [81] 4 3 3 1 4 0 0 0 NECH + tumourlets +
carcinoid tumours
Znou [26] 2 2 0 2 0 2 0 0 2 NECH + tumourlets +

carcinoid tumours

Data are presented as n. Only studies that reported, along with histological findings, at least two of the following were included: presence or absence of symptoms, radiographic
abnormalities and long-term outcome. DIPNECH: diffuse idiopathic pulmonary neuroendocrine cell hyperplasia; HRCT: high-resolution computed tomography; NECH: neuroendocrine
: mainly include cough, dyspnoea, wheezing and reduced exercise tolerance, data may not be available for all patients or may be difficult to ascertain in individual
studies; T: data may not be available for all patients or may be difficult to ascertain in individual studies; *: HRCT may display more than one pattern in individual patients, findings may
not be available for all patients or may be difficult to ascertain in individual studies; 8. findings include small airway disease, bronchiectasis/bronchial dilatation, bronchial wall

cell hyperplasia.

thickening, ground-glass opacities, hilar or mediastinal adenopathy, interlobular septal thickening, honeycombing, diffuse cystic changes, emphysema and microcalcifications.
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| Symptoms/lung function abnormalities |

Yes No

| Compatible radiological features | | Compatible radiological features |

Yes Yes

Diffuse neuroendocrine cell Diffuse neuroendocrine cell Diffuse neuroendocrine cell Diffuse neuroendocrine cell
proliferation on histology# proliferation on histology# proliferation on histology# proliferation on histology#
I I I I I I
Yes [ No | [ Yes | [ No | [ Yes | No [ Yes | [ No |
A N A A A
DIPNECH Other DIPNECH Other DIPNECH~ Other NECH Other
syndrome diagnosis/ syndrome diagnosis diagnosis diagnosis
DIPNECH
syndrome with
unsampled
NECHT

FIGURE 6 Proposed diagnostic flow chart of diffuse idiopathic pulmonary neuroendocrine cell hyperplasia (DIPNECH] syndrome (Aguayo’s
disease) integrating clinical, radiological and histologic data. NECH: neuroendocrine cell hyperplasia. *: the presence of constrictive bronchiolitis
on histology strongly supports a diagnosis of DIPNECH syndrome; T if there is no evidence of NECH on histology, repeating the biopsy, whenever
possible, is strongly recommended; *: patients in this group may progress to clinically significant disease (e.g. DIPNECH syndrome).

constrictive obliterative bronchiolitis. Needless to say, there may be occasional cases with overlapping
features of both forms. However, we believe it is important to keep Aguayo’s disease (e.g. DIPNECH with
airway disease) separate from tumourlets/carcinoid-related NECH, which represents a purely pathological
entity, because of the different clinical behaviour and prognosis of the two forms in most cases. In a recent
retrospective study of 30 patients with DIPNECH, Carr et al. [21] assessed longitudinal data on
pulmonary physiology, chest CT imaging and treatment, and adopted a multidisciplinary approach to
diagnosis and management. They proposed a set of diagnostic criteria based on patient demographics,
clinical features, pulmonary function tests, high-resolution computed tomography appearance,
transbronchial and surgical lung biopsy findings and serum markers (i.e. chromogranin A) [21]. Of note,
CARR et al. [21] suggest that, in the appropriate clinical setting, transbronchial biopsy may be sufficient to
diagnose DIPNECH. Indeed, in their experience, when available, transbronchial biopsy confirmed the
presence of a neuroendocrine cell proliferation in six (60%) out of 10 cases.

A careful integration of clinical, functional and imaging data along with the histological demonstration of
constrictive bronchiolitis akin to neuroendocrine cell proliferation (or isolated neuroendocrine cell
proliferation when examining transbronchial biopsy samples) is mandatory to establish a diagnosis of
DIPNECH. Our proposed diagnostic flow chart for differentiating DIPNECH syndrome from secondary
diffuse NECH or other mimickers of DIPNECH is summarised in figure 6. In principle, in order to
formulate a secure diagnosis of DIPNECH/Aguayo’s disease, histological NECH should accompany
clinical/functional and/or radiological abnormalities, although classical clinical and radiological appearance
may be highly suggestive (though not diagnostic) of DIPNECH.

In summary, DIPNECH (as defined by the 2015 WHO classification of lung tumours) represents a sort of
wastebasket that includes incidental cases of scattered neuroendocrine cell proliferation observed in the
context of various pulmonary diseases, forms associated with carcinoid tumours, and the distinct patient
subset originally described by Acuavo et al [2]. The adoption of stringent clinico-pathological and
radiological criteria when dealing with neuroendocrine cell proliferation of the lung may allow for the
identification of patients with Aguayo’s disease. We consider that, in this setting, the term “DIPNECH
syndrome” or “DIPNECH with airway disease” is more appropriate.
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