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Summary Strong prognostic markers able to stratify lung adenocarcinoma (ADC) patients are lacking. We
evaluated whether a six-immunohistochemical markers panel (TTF1, SP-A, Napsin A, MUC5AC, CDX2
and CK5), defining the putative neoplastic “cell of origin,” allows to identify prognostic subgroups among
lung ADC. We screened a large cohort of ADC specimens (2003–2013) from Torino Institutional Reposi-
tory identifying: (i) marker positivity by immunohistochemistry, (ii) main morphological appearance by
light microscopy, (iii) presence of “hotspot” mutations of candidate genes by Sequenom technology. To
evaluate possible predictors of survival and time to recurrence, uni- and multivariable-adjusted comparisons
were performed. We identified 4 different subgroups: “alveolar,” “bronchiolar,” “mixed” and “null type."
Alveolar-differentiated ADC were more common in young (P = .065), female (P = .083) patients,
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frequently harboring EGFR-mutated (P = .003) tumors with acinar pattern (P b .001). Bronchiolar-
differentiated ADC were more associated with mucinous and solid pattern (P b .001), higher degree of vas-
cular invasion (P = .01) and KRAS gene mutations (P = .07). Bronchiolar, mixed, and null types were in-
dependent negative predictors for overall survival, and the latter two had a shorter time to recurrence.
This “Cell of Origin” classifier is more predictable than morphology and genetics and is an independent pre-
dictor of survival on a multivariate analysis.
© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Lung cancer represents the first cause of death for cancer in
the world, and its global incidence and mortality rates are ris-
ing [1]. Despite major discoveries in tumor biology andmolec-
ular genomics [2,3], targeted therapies can only be delivered to
a small number of individuals (eg, EGFR-mutated or ALK,
ROS1-rearranged patients) [4]. The introduction of PD-1/PD-
L1 checkpoint inhibitors is revolutionizing the field [5]; never-
theless, therapeutic options remain inaduate, and reliable or re-
producible markers are needed to effectively stratify lung
cancer patients and improve their clinical outcomes [6].

Lung cancers are classically subdivided in small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC),
and this stratification has relevant therapeutic implications.
Among NSCLC, the most prevalent tumor entity is repre-
sented by Adenocarcinoma (ADC, 38% of all lung cancer)
[7]. Although all ADC share common histological features
[7], they include a heterogeneous collection of different le-
sions. The pathological stratification of NSCLC, even if par-
celed, guides clinical and molecular decisions; for example,
EGFR mutations are investigated primarily in case of non-
squamous lung cancers [8]. As highlighted by the 2011 guide-
lines of IASLC/ATS/ERS [9] and by the newWHO classifica-
tion of lung tumors [10], ADC include multiple tumor types,
which can be further defined based on the expression of se-
lected markers and the presence of unique molecular lesions.

Since the integration of immunohistochemical and molecu-
lar classifiers has been successfully proven to identify specific
clinical-biological entities among many human neoplasms (ie,
lymphoid tumors), it is reasonable that an analogous method
may improve the stratification of lung cancers [11]. Based on
the hypothesis that ADC retain features related to their cell or-
igin, we selected a set of markers preferentially expressed by
alveolar [Thyroid Transcription Factor 1 (TTF-1), Surfactant
Protein A (SP-A) and Napsin A] and bronchiolar [Mucin 5
AC (MUC5AC), Caudal Type Homeobox 2 (CDX-2) and
Cytokeratin 5 (CK5)] cells in order to stratify lung ADC. Neo-
plasms were defined based on the differentiation profiles and
then correlated with morphology and canonical EGFR,
KRAS, PIK3CA somatic mutations [3].

The objective of our paper was to evaluate whether the pro-
posed 6 immunohistochemical markers panel (TTF1, SP-A,
Napsin A, MUC5AC, CDX2 and CK5), defining the putative

“cell of origin” of the tumor, allows to identification of prog-
nostic subgroups among lung ADC patients and how these
markers correlate with common genetic mutations, classical
histology and clinicopathological characteristics.

2. Materials and methods

2.1. Patient selection and ethical regulation

Data of patients from 2003 to 2013who underwent surgical
resection with curative intent for lung adenocarcinoma at De-
partment of Thoracic Surgery - Azienda Ospedaliero Universi-
taria Città della Salute e della Scienza di Torino - Italy, were
prospectively collected in the database of our Institutional Bio-
bank [12] and retrospectively reviewed. Patients treated with
preoperative and postoperative regimens (ie, chemotherapy
and/or radiotherapy) were included in our analysis. This study
was approved by Institutional Review Board (IRB) of the
Azienda Ospedaliera Universitaria, Città della Salute e della
Scienza di Torino (protocol number 0081521/2011).

2.2. Tissue microarray and immunophenotypic
classification

Three different cores (0.5 mm) with enriched tumor con-
tent (N50%) were selected from each tumor sample, and
multitissue microarrays were constructed (Beecher Instru-
ments, Inc., Silver Spring, MD, USA). Serial (4-μm-thick)
sections were used for immunohistochemical analyses, and
staining was performed using a semi-automated instrument
[13,14]. Tissue sections were incubated with the following
primary antibodies: TTF1 (clone: 8G7G3/1, source: Dako,
Carpinteria, CA, USA, dilution: 1:50), Napsin A (clone:
TMU-Ad02, source: ARP, Waltham, MA, USA, dilution:
1:500), SP-A (clone: 32E12, source: Novocastra, Burlingame,
CA, USA, dilution 1:200), MUC5AC (clone: CLH2, source:
Novocastra, dilution: 1:100), CDX2 (clone: CDX2–88,
source: Biogenex, Fremont, CA, USA, dilution: 1:40) and
CK5 (clone: XM26, source: Novocastra, dilution: 1:100). All
samples were processed using a sensitive Bond Polymer
Refine detection system in an automated Bond immunohisto-
chemistry instrument (Vision-Biosystem, Leica, Milan, Italy).
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