
Large cell neuroendocrine carcinoma of
the lung: chemotherapy regimen depends
on how “large” your diagnostic criteria are

To the Editor:

We read with great interest the article by DERKS et al. [1] on the efficacy of different chemotherapeutic
regimens in a large series of 128 patients with stage IV large cell neuroendocrine carcinoma (LCNEC) of
the lung. As outlined by the authors, in 2005, we dealt with the same dilemma when analysing 83
surgically resected LCNECs collected at two different institutions [2]. In our study, patients with metastatic
disease treated either in an adjuvant setting or post-surgery with platinum/etoposide, a conventional
regimen for small cell lung cancer (SCLC), showed a significant clinical benefit in terms of overall survival
compared to patients treated with chemotherapeutic regimens used for non-small cell lung cancer
(NSCLC). In contrast, DERKS et al. [1] showed that patients with metastatic LCNEC receiving platinum/
gemcitabine, a regimen commonly used in NSCLC, displayed a longer overall survival than those receiving
SCLC-oriented chemotherapy. In our view, a number of reasons, discussed herein, may account for the
apparent discrepancies between these and other studies [3]. In our study [2], LCNEC cases eventually
represented less than one-quarter (83 (23.8%) out of 348) of all lung cancer cases identified based on
morphological examination alone. In addition, although we applied strict diagnostic criteria, some cases
required a consensus diagnosis among all three thoracic pathologists involved in the histological review,
highlighting the difficulties encountered when making a diagnosis of LCNEC, even amongst expert
pathologists [4]. In agreement with the last two World Health Organization (WHO) classifications of lung
tumours [5] suggesting to limit/avoid the diagnosis of LCNEC on cytology/small biopsy, we included only
surgically resected cases (i.e. none of our original cases was in stage IV at the time of the diagnosis).
Conversely, DERKS et al. [1] and another recent study by NAIDOO et al. [6] included only stage IV LCNEC
cases diagnosed on biopsy.

Thus, it is impossible to compare the results of studies that, while formally focusing on LCNEC, looked at
different tumour stage and possibly different histology.

DERKS et al. [7] have recently proposed to introduce neuroendocrine markers along with thyroid
transcription factor 1 and p40 into the diagnostic panel aimed at identifying LCNEC or possible LCNEC
among poorly differentiated NSCLC. In their reply, TRAVIS et al. [8] reinforced the concept that
neuroendocrine markers should be used only in cases overtly showing features indicative of
neuroendocrine differentiation on morphological grounds, according to the WHO scheme [5].

An extensive and often controversial use of immunostains when dealing with poorly differentiated NSCLC
could account for the increased frequency of LCNEC. Indeed, it is well established that an “aberrant”
expression of neuroendocrine markers in overt NSCLC may be observed in up to 30% of cases. This
phenomenon is not surprising. In fact, in their seminal study, BHATTACHARJEE et al. [9] identified a subset
of adenocarcinomas with neuroendocrine differentiation associated with a significantly worse prognosis,
highlighting an important overlap between LCNEC and adenocarcinoma even at the gene expression
profiling level. Taking all these data into account, it is intuitive that the bar at which pathologists make a
diagnosis of LCNEC is still inconsistent. In other words, LCNEC remains a difficult and somewhat
subjective diagnosis reflecting the differences in interpretation and use of morphological features and/or
immunostains, respectively. In support of this view, molecular investigations in LCNEC have recently
revealed that what pathologists identify as LCNEC on morphological and immunohistochemical levels
rather represents a spectrum of heterogeneous tumours harbouring different gene alterations. Using a
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next-generation sequencing approach, REKHTMAN et al. [10] demonstrated that 40% of LCNECs are close to
SCLC (TP53 and RB1 gene alterations), while 55.5% are more akin to NSCLC and particularly
adenocarcinomas (STK11, KRAS and KEAP1 mutations), and 4.5% has a carcinoid-like molecular
genotype (MEN1 mutations). Surprisingly, NAIDOO et al. [6] identified KRAS mutations in 24% of stage IV
LCNEC cases diagnosed on biopsy, a figure closer to that of adenocarcinoma than to SCLC. Considering
this amount of molecular data, we are even more convinced that current criteria to define LCNEC are far
from being perfect and studies on this topic either included a large number of SCLC-like LCNEC or
collected a prevalent quota of NSCLC-like LCNEC, which in turn has created major controversies when it
comes to the efficacy of different chemotherapy regimens (figure 1).

Major issues, outlined here, need to be resolved if we are to improve our knowledge of this in-between
tumour entity. In this regard, we call for a consensus definition of LCNEC based on more stringent
criteria, such as a correct integration of morphology and immunostains, as well as tools that allow
exclusion (e.g. KRAS, EGFR and LKB1) or confirmation (e.g. TP53 and RB1) of gene alterations,
particularly when dealing with cytology and small biopsies. Last but not least, a large, prospective
multicentre clinical trial of LCNEC with centralised review of the diagnosis and use of genetic
investigations is urgently needed.
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FIGURE 1 Hypothetical situation of clinical–pathological studies of large cell neuroendocrine carcinoma
(LCNEC) including different rates of tumours with prevalent small cell lung cancer (SCLC)-based (study A),
non-small cell lung cancer (NSCLC)-based (study B) or mixed [10] genotypes.
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Why we should improve current practice
of diagnosing and treating pulmonary
large cell neuroendocrine carcinomas in
patients with advanced disease

From the authors:

In response to our manuscript on first-line chemotherapy treatment for metastatic pulmonary large cell
neuroendocrine carcinoma (LCNEC) [1], Rossi and co-workers raised their concerns about the validity of
our results by questioning the accuracy of LCNEC diagnosis on a biopsy specimen. We would like to
thank the authors for their critical appraisal, underscoring the need to increase awareness among
pulmonologists, oncologists and pathologists of the diagnostic issues and consequences of metastatic
LCNEC diagnosed on a biopsy specimen.

The diagnostic criteria for LCNEC according to the current World Health Organization (WHO)
classification (2015) include a high number of mitoses (>10 mitoses per 2 mm2), neuroendocrine
morphology such as rosettes, trabecular growth pattern or palisading of cells, and neuroendocrine
differentiation identified by immunohistochemical markers or electron microscopy [2]. Although the
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current classification provides tools to diagnose lung cancer on small biopsies, this is not the case for
LCNEC. Nevertheless a diagnosis of “nonsmall cell lung carcinoma (NSCLC) favouring LCNEC” can be
made if the above criteria are identified in a biopsy specimen.

A comparison of pre-operative biopsy with the surgical resection specimen from identical anatomic
locations including carcinoids and LCNEC/small cell lung cancer (SCLC), demonstrated that a Ki-67
cut-off of >20% is specific and sensitive on a biopsy specimen to separate carcinoid from high-grade
neuroendocrine carcinomas [3]. We recently proposed introduction of neuroendocrine markers along with
thyroid transcription factor-1 and p40 into the diagnostic panel aiming to increase the yield of LCNEC
diagnoses on biopsies [4]. This is important because in pre-operatively obtained biopsy specimens of
surgically confirmed LCNEC, neuroendocrine morphology may be difficult to recognise leading to a
diagnosis of NSCLC-not otherwise specified (NOS) or favouring adenocarcinoma diagnosis. The
application of additional neuroendocrine markers and use of core needle biopsies may solve these
diagnostic issues in LCNEC ( J. Derks and co-workers; unpublished data).

In our study on the treatment of metastatic LCNEC, three expert thoracic pathologists reviewed 207 cases
that were diagnosed as LCNEC between 2003 and 2012 [1]. Eventually, 62% were confirmed as LCNEC,
other diagnoses included were (atypical) carcinoid, SCLC and NSCLC with neuroendocrine differentiation.
Since LCNEC has only been officially recognised by the WHO since 1999, it is understandable that the
percentage of LCNEC identified in our study is higher than that in the work of ROSSI et al. [5], who
studied LCNEC from 1990 to 2004. In previous work, we reported that LCNEC is diagnosed with an
increased frequency on biopsy specimens [6]. Thus, although the WHO 2015 classification may not
promote the diagnosis of LCNEC on a biopsy specimen, this frequently occurs in daily practice, putting
clinicians on the spot how to treat such patients.

The aim of our study was to evaluate different chemotherapy treatments in de novo metastatic LCNEC in
current clinical practice. Our results indicate that LCNEC should not be routinely treated as SCLC. In
addition to the results obtained in our study, this is also supported by a phase II trial showing favourable
effects of carboplatin–paclitaxel chemotherapy followed by maintenance everolimus (mTOR inhibitor) [7].
Although the study of Rossi et al. [5] only included surgical resection specimens, the results may be biased
as they compared only a few LCNEC patients (n=27) part of whom were treated with radiotherapy and/or
without a platinum compound in the NSCLC treatment arm. Furthermore, the median survival rates
observed for metastatic LCNEC in the study of Rossi et al. (i.e. 51 months in the platinum–etoposide arm
versus ±7 months reported by a phase II study) seems unusually high and may suggest patient selection [8].

In their correspondence, Rossi and co-workers referred to molecular findings in LCNEC published by
REKHTMAN et al. [9] (n=45 LCNEC). Previously, similar data were also presented by GEORGE et al. [10]
(n=75). Both studies proposed that LCNEC should be subdivided into at least two subtypes, i.e. a
TP53-RB1 mutated subtype (SCLC like) and LCNEC exhibiting a mutation in STK11, KEAP1 or KRAS
with wild-type RB1 (NSCLC like). It is tempting to speculate that these molecular subgroups relate to
chemotherapy outcomes in LCNEC. In this context, at the American Society of Clinical Oncology 2017
meeting we presented our analysis of the, in part, current cohort of LCNEC (published in the European
Respiratory Journal (ERJ)) for these molecular subtypes using next-generation sequencing [11]. This
analysis indeed suggests that the treatment outcomes of metastatic LCNEC may be influenced by different
molecular subtypes. Patients having LCNEC with RB1 wild-type (and/or STK11 mutations, i.e. “NSCLC
like”) had longer overall and progression-free survival when treated with platinum-gemcitabine or taxane
chemotherapy versus platinum-etoposide chemotherapy.

In summary, we support the call for a consensus definition from Rossi and co-workers. The WHO 2015
criteria for LCNEC diagnosed on a biopsy specimen are in need of improvement and should include,
amongst others, molecular analysis of LCNEC validated within a large multicentre clinical trial.
Nevertheless, until such studies have been performed, the work we presented in the ERJ represents the
largest comparison of first-line chemotherapy treatment in carefully pathology revised confirmed
metastatic LCNEC. Taken together, when it comes to studying LCNEC “size does matter” but it is likely
that in the near future a “small (biopsy) size fits all”.
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