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Background: Lung cancer is the most frequent cause of cancer-related death worldwide.
For adenocarcinomas, histological subtyping is typically performed (e.g. lepidic, acinar, papillary,
micropapillary, and solid), as suggested by the World Health Organization. Among these, micropapillary
carcinoma has been a focus of significant research in recent years, as it is the newest subtype and has the
worst prognosis. Herein, we summarize the most relevant findings of this morphological variant in detail

Keywords: Micropapillary; Lung; Adenocarcinoma; with anecdotal experience and a review of the published literature.

Prognosis

Results: A PubMed query for “adenocarcinoma of the lung” resulted in 177 full-length articles.
The reviewed articles were grouped by category as follows: 1) history (2002-2008), 2) morphologic/
diagnostic features, 3) prognostic implications, 4) molecular features and targeted therapies, and 5)
radiologic/imaging findings. Our results consistently showed that a micropapillary carcinoma component
is associated with poor prognosis in patients with lung adenocarcinoma. Additionally, our investigation
highlighted the fact that there have been no studies validating the diagnostic/morphologic criteria that
should be used to achieve an accurate diagnosis of micropapillary lung adenocarcinoma. Nonetheless,
we present that molecular studies continue to emerge, and there is significant opportunity for targeted
therapeutic options that remains to be explored in depth.
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'.) Check for updates

Conclusion: Our review offers insight into novel studies focused on micropapillary lung
adenocarcinoma. We present the potential for new research opportunities, particularly molecular studies
aimed at determining targeted treatment options.

Shadow Disappearance Ratio; SUVmax: Maximum Standardized
Uptake Value; DSS: Disease specific survival.

Abbreviations

IASLC/ATS/ERS: International Association for the Study
of Lung Cancer, American Thoracic Society and the European
Respiratory Society; WHO: World Health Organization; STAS:
Spread Through Air Spaces; HR: Hazar Ratio; RFS: Recurrence
Free Survival, MFS: Metastasis Free Survival; OS: Overall
Survival; DFS: Disease-Free Survival; PD-1: Programmed

Background

Lung adenocarcinoma has been the most common cause of
cancer-related death in both men and women for many years
[1]. Recently, diagnostic accuracy has improved with the use of
imaging techniques that can efficiently identify tumor lesions.

Death 1; PDL-1: Programmed Death Ligand 1; GLUT1: Glucose
Transporter 1, MMP9: Matrix Metalloproteinase 9; TTFi:
Thyroid Transcription Factor 1; CEA: Carcinoembryonic
Antigen; SP-A: Surfactant Apoprotein A; EGFR: Epidermal
Growth Factor Receptor; IQGAP1: Ras GTPase-Activating-like
Protein; SCLC: Small Cell Lung Cancer; NSCLC: Non- Small Cell
Lung Cancer; LADC: Lung Adenocarcinoma; EML4: Echinoderm
Microtubule Associated Protein-Like 4; ALK: Anaplastic
Lymphoma Kinase; HER2: Human Epidermal Receptor 2; PET:
Positron Emission Tomography; CT: Computed Tomography;
HRCT: High-Resolution Computed Tomography; TDR: Tumor-

This allows for faster time to treatment and more conservative,
less invasive surgical options with decreased morbidity [2].
Morphology continues to be the most immediately crucial
information that allows tumor grading and subtyping as it has
implications for patient prognosis. In 2011, the International
Association for the Study of Lung Cancer, American Thoracic
Society, and the European Respiratory Society (IASLC/ATS/ERS)
revised the classification of lung adenocarcinoma by proposing
new morphological criteria to provide a uniform diagnostic
terminology for multidisciplinary patient management. This
classification delivers histological subtyping based on pattern
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recognition and a semi-quantitative assessment of each pattern
in 5% increments [3]. This new classification system has been
tested in hundreds of cases in clinical datasets, and has shown
to accurately define prognostically significant subgroups of
lung adenocarcinoma [4].

Micropapillary lung adenocarcinoma is an important
histological variant consisting of micropapillary morphology.
It is similar to variants seen in other organs such as the breast,
urinary bladder, and ovary. Micropapillary adenocarcinoma has
been recently included in the World Health Organization (WHO)
updated classification. Micropapillary adenocarcinoma is
considered equivalent to poorly differentiated adenocarcinoma
and resembles a morphology associated with a high-grade
lesions [5,6]. Herein we aim to review studies published
within the past ten years, that allude to the possibility of lung
adenocarcinoma. Additionally, we reviewed updates from the
past 3-5 years (including up to four years ago for molecular
studies), and summarized the most relevant morphological/
diagnostic features, prognostic implications, molecular
changes, treatment modalities, and radiological/imaging
findings.

Methods
A review of literature was performed as follows:
* Inclusion criteria

- A broad PubMed search was performed using
“micropapillary lung adenocarcinoma” in the title/
abstract of any article.

- We narrowed the article types to include case reports,
clinical conference, clinical study, clinical trial
(including phases I-1V), comparative study, controlled
clinical trial, editorial, guideline, meta-analysis,
multicenter study, observational study, randomized
controlled trial, review, and systematic review.

- Of the searched articles, only the ones that were written
in English, from human studies with adults of =19
years, and with full text available were reviewed.

* Exclusion criteria

- Articles in languages other than English, animal studies,
and articles with only abstracts available for review
were excluded.

*  Withdrawal criteria

- Studies of micropapillary variants of adenocarcinomas
in other organs (e.g. colon)

- Articles focused on other tumor types, or other
morphologies (e.g. adenoid cystic carcinoma, lepidic
lung adenocarcinoma)

- Manuscripts for which the PubMed link was not
accessible

- Non-relevant case reports

- Articles that referred to non-targeted/cytotoxic
therapeutic modalities

*  Analysis

The articles selected were assigned to one of several
subtopics previously designated by the two primary authors
of this manuscript (depending on the type of information
provided in each). The subtopics were: 1) history (2002-2008),
2) morphologic/diagnostic features, 3) prognostic implications,
4) molecular features and targeted therapies, and 5) radiologic/
imaging findings. Articles that had significant information
pertaining to more than one of the subgroups were assigned
to all the relevant subgroups. From our literature review, we
included detailed summaries for all the articles found that
were over 10 years old. For the molecular/targeted therapies
subcategory, all the articles from the most recent three years,
and few significantly relevant articles from up to five years
ago. For other categories, all manuscripts published from the
last three years that met our criteria were included. All articles
that met the search criteria are included in the supplementary
data.

Results

Using our research criteria, we found 177 full-length
articles available for review. The articles were classified as
follows: 1) initial description of micropapillary histology in
lung adenocarcinoma from more than 10 years ago (2002-
2008), 14 articles; 2) morphologic/diagnostic features, 1 article;
3) prognostic implications, 28 articles; 4) molecular features
and targeted therapies, 20 articles; and 5) radiology/imaging, 5
articles. Table 1 contains the articles explored in detail, as well
as those cited for future review.

Discussion
A.  History (2002-2008).

The first report found with our literature query was
published in 2002 by Amin et al. [6]. In their study, the
authors acknowledged that micropapillary carcinoma in lung
had been recognized, but no importance had yet been given
to it. However, the authors were aware that micropapillary
architecture had prognostic relevance in other organs such as
breast, urinary bladder, and ovary. They studied 35 cases of
lung adenocarcinoma with a micropapillary component. They
observed that the primary tumors metastasized in 94% of the
cases, most with a predominant micropapillary component
in the metastatic site. This study suggested for the first
time that a micropapillary morphology could be observed in
primary lung tumors. Furthermore, this study asserted that
recognizing the micropapillary component was important
because this morphology could be correlated with aggressive
tumor progression [6].

Miyoshi et al. were the first to describe the morphologic
features of the micropapillary pattern in lung primary tumors.
They simply described it as “small papillary tufts lacking
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a central fibrovascular core” [7]. This criterion continued to
be used in subsequent years [8,9]. Additionally, a handful of
research groups evaluated the prognostic implications of the
histological component, and published the details of how their
patients showed higher propensity to develop lymph node
metastasis and had an overall decreased survival compared to
those without a micropapillary component [7-12].

Approximately two years after the first proposal of
micropapillary components in lung primary tumors,
preoperative detection of a micropapillary component was
desired for making treatment decisions, given that this
structure was associated with worse patient prognosis. Thus,
cytology became an important tool for diagnosis. Hoshi et al.
defined the cytological features important in the diagnosis of
micropapillary components as: round, 3-dimensional, cohesive
clusters of neoplastic cells (consisting of >3 and <20 cells) with
a pseudopapillary configuration. In their study, patients with
these features in early stage I disease had worse prognosis
compared to controls [13]. Furthermore, a case report by Duncan
et al. described the features seen in a primary lung cancer
with significant micropapillary components as highly cellular
malignant cells arranged in tight three-dimensional clusters,
papillae without fibrovascular cores, and discohesive sheets
of cells. Their avascular papillary structures and cell clusters
were composed of overlapping atypical nuclei with irregular
nuclear membranes and prominent nucleoli. Additionally, they
described many discohesive individual cells, and clear spaces at
the periphery of the cell balls, accentuated with Romanowsky
stain [14]. These features were to diagnosis micropapillary
carcinoma at the time, and some are still used.

Few studies utilizing additional diagnostic tools such as
immunohistochemical profiles and/or molecular diagnostics
were described early on. In our review of literature, Amin
et al. demonstrated that among 15 cases, they found the
following immunostain results: 80% were TTF1 (thyroid
transcription factor 1) positive, 93% CK7 positive, and 13%
CK20 positive [6]. Kawakami et al. showed that MUC1 was
positive in the outer surface of micropapillary tufts, while
non-micropapillary components showed reactivity limited
to the luminal surface of carcinoma cells, suggestive of what
has later been described as inverted nuclear polarity [11]. In a
case report, Kuroda et al. performed an immunohistochemical
workup in an autopsy case of a patient who had metastatic lung
adenocarcinoma with micropapillary features. Their results
determined that the micropapillary component was positive
for cytokeratin CK7, CK19, TTF1, carcinoembryonic antigen
(CEA), and surfactant apoprotein A (SP-A), but negative for
CK20, estrogen receptor, progesterone receptor, uroplakin III,
and CA125 [15]. Additionally, a study by Sanchez-Mora et al.
evaluated the prognostic significance of various markers in five
autopsy cases. They found p53, Ki67, and c-myc were elevated
in more than half of their cases. Cyclin D1 (43%), epidermal
growth factor receptor (EGFR) (36%), and Bax (43%) were also
found to be expressed. Only cyclin D1 and Bax expression were
associated with significantly worse survival [16].

In relation to molecular diagnostics, two studies were

found from 10 years ago. In the first, Motoi et al. performed
gene expression and KRAS and EGFR mutation analysis on 100
cases. This study from 2008 demonstrated that micropapillary
subtype correlated strongly with EGFR mutation, but did not
correlate with clusters of genes seen in other histological
subtypes [17]. Similarly, a year later Ninomiya et al. studied 63
cases of lung adenocarcinoma and found that EGFR mutations
were significantly associated with micropapillary pattern [18].

More than 10 years ago, Miyoshi T, et al. hypothesized a
possible mechanism for the metastatic potential of tumors
with micropapillary morphology. They speculated that
the metastatic potential was mediated by a deficiency in
Ras GTPase-activating-like protein (IQGAP1), which is
ubiquitously expressed in humans. In the micropapillary
component, deficiency in IQGAP1 causes the integrity of the
entire cadherin-catenin-actin network to be compromised
and the cellular adherent junction disassembled, resulting in
the release of carcinoma cells organizing in a micropapillary
pattern [19]. Similarly, Kamiya et al. in 2008 found that laminin
was identified in the basement membrane of normal alveolar
cells and neoplastic cells of the main tumor, but was not found
in any cell with micropapillary tufts. They also suggested that
cells with the micropapillary pattern are likely to have acquired
anchorage-independent growth and a potential for high
malignancy [9].

B.  Morphologic/diagnostic features

We did not find any recent publications within the last
three years where the main focus was assessing the criteria
used to diagnose micropapillary lung adenocarcinoma. There
have not been any consensus studies among experts to
determine which features are unique in lung, and which are
similar compared to micropapillary tumors in other organs.
A recent review article by Cao et al. summarized some of the
criteria that have been suggested in the literature for the past
years [20]. They concluded that the cellular tufts with absence
of fibrovascular core (Figure 1) tended to be a hallmark for this
entity. This was very different from other tumor types in which
vessels and neovascularization are important. In the lung, it
is though that tumor cells nourish from surrounding fluids in
the alveolar surfaces. Micropapillary tumor cells are generally
small and cuboidal with minimal nuclear atypia, detaching
and/or connecting to alveolar walls (Figure 2). Cell matrix
can be absent, and polarity is usually inverted with peripheral

Figure 1: Cellular tufts of micropapillary adenocarcinoma with absence of
fibrovascular core.
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Figure 2: Micropapillary adenocarcinoma with small and cuboidal tumor cells and
minimal nuclear atypia, detaching and/or connecting to alveolar walls.

Figure 3: Micropapillary adenocarcinoma with peripheral nuclear polarization.

nuclear polarization (Figure 3). The clusters are usually located
at the periphery of the tumor. The disordered micropapillary
structures are thought to facilitate spread to lymphatics and
other tissues [20].

C.  Prognostic implications
General update

Themajorityofrecently publishedresearcharticlesregarding
lung adenocarcinomas were based on the architectural grading
system established in the classification system by IASLC/ATS/
ERS in 2011. The established classification system was the most
effective system out of three proposed models (architectural,
Kadota, and Sica;) because it made the best distinction between
the outcome of low-grade, intermediate-grade, and high-
grade stage I adenocarcinomas (for a detailed review of the
systems please refer to the publication by Sica et al from 2010
[21]). These findings have already been validated in older and
more recent studies [22-24]. Thus, the IASLC/ATS/ERS grading
system was used for this entity. Morphologies are defined as
follows: lepidic as well differentiated, acinar and papillary as
moderately differentiated, and solid and micropapillary as
poorly differentiated.

The two poorly differentiated morphologies—solid and
the more recently described micropapillary—have been the
focus of significant research throughout the years. A study
by Zombori et al. showed that both solid and micropapillary
patterns are more frequently seen in patients with recurrence,
and that predominance of these patterns is associated with
unfavorable prognosis, particularly for micropapillary.

Zombori et al. demonstrated that among tumors with the same
main morphologic pattern, the presence of micropapillary
as a secondarily predominant pattern correlated with worse
prognosis. Their results highlighted the significance of
describing both a predominant and a secondary predominant
pattern in lung adenocarcinomas, similar to what the Sica
grading system suggests [21,24,25]. Additional studies have
confirmed these findings. For example, Zhao et al. showed
that adenocarcinomas harboring micropapillary and/or solid
components as a secondary, non-predominant pattern had
higher rates of metastatic lymph nodes and shorter median
recurrence-free survival (RFS) and overall survival (0OS) [26].

In multivariate analysis, micropapillary and solid
morphologies together have the worst prognosis compared to
well- and moderately-differentiated morphologies (i.e. lepidic,
acinar, and papillary). This demonstrates that subtyping is a
significantly independent prognostic factor [27]. Similarly,
several studies have shown that harboring micropapillary
morphology has the equivalent clinical recurrence and survival
outcome as tumors with solid morphology [28,29].

Currently, certain assumptions that can be made about
tumors with micropapillary carcinoma components. The
presence of a micropapillary carcinoma is sufficient to predict
nodal upstaging and decreased recurrence free survival (RFS)
[30]. Compared to the other adenocarcinomas, micropapillary
carcinoma has been shown to have the lowest overall survival
(0S) and disease-free survival (DFS), sometimes even lower
than the only other poorly differentiated diagnostic category,
solid adenocarcinoma [24,31,32]. Similarly, it has been shown
that the presence of the micropapillary pattern with confirmed
micrometastasis confers significantly worse RFS and OS [33].
Finally, several studies have confirmed that the presence of
micropapillary pattern is an independent predictor of occult
mediastinal lymph node metastasis. Taken together, these
observations have potential therapeutic implications for the
management of early-stage lung adenocarcinoma [34].

Additional studies contributed other interesting insights
about micropapillary carcinoma. Hung et al. evaluated
the prognostic value of clinicopathological variables for
specific organ site MFS in a cohort of 182 patients with lung
adenocarcinoma and distant metastasis. The metastatic
sites identified during follow up included: contralateral lung
metastasis (51.1%), brain metastasis (44.5%), bone metastasis
(39.0%), and liver metastasis (8.9%). The micropapillary
variant in particular was strongly associated with brain
metastasis (hazard ratio (HR), 2.686). Micropapillary
predominant subtype (HR, 2.186) was a significant prognostic
factor for decreased brain metastasis free survival (IMFS).
Overall, this study underscores that there are significant
differences in the metastatic behavior between predominant
pathological subtypes of lung adenocarcinoma, and that these
findings should encourage clinicians to focus on detailed
follow up strategies in these cases. Further studies are needed
for complete validation [35].

Regarding treatment options, a recent study by Luo et al. in
2016 focusedon patientswith stageIBinvasiveadenocarcinomas.
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This study showed that adjuvant chemotherapy was associated
with a better DFS [36]. In patients with micropapillary or
solid patterns, adjuvant chemotherapy significantly improved
DFS, but not OS [36]. The significant association between
micropapillary and solid patterns and occult N2 lymph node
metastasis in lung adenocarcinoma, has led researchers to
hypothesize that radical mediastinal lymph node dissection
may help to identify occult lymph node metastasis in these
patients.

Factors correlated with poor prognosis

STAS: Tumor spread through air spaces (STAS) has been
reported as a novel poor prognostic factor in the latest WHO
classification. Two recent studies regarding the prognostic
significance of STAS have been recently published. In one study,
Morimoto et al. retrospectively reviewed the clinicopathological
characteristics of 444 patients with pulmonary adenocarcinoma
who underwent surgery and had tumors with micropapillary
pattern and surrounding free tumor clusters in the periphery
(i.e. STAS, although they used the terminology “free tumor
clusters”). Morimoto et al. defined the “free tumor clusters”
or STAS as three small clusters containing <20 nonintegrated
micropapillary tumor cells that were within air spaces and
>3 mm apart from the main tumor. In their study, a total of
31/67 patients with micropapillary tumors also had free tumor
clusters. Locoregional recurrences were more common in these
patients, and they had a lower five-year RFS rate compared
to patients with micropapillary adenocarcinoma but no free
tumor clusters [37]. In another study, Masai et. al found
that STAS-positive patients commonly had tumors with the
micropapillary components and with lymphovascular and
pleural invasion. Notably, the presence of STAS and tumor
margins less than 1.0 cm are significant risk factors for local
recurrence in early disease stage [38].

Podoplanin: Tumor microenvironment has also been
shown to predict disease outcome. For example, Podoplanin
is a well-conserved, mucin-type transmembrane protein that
has recently been shown to be positive in cancer associated
fibroblasts, and is associated with lymphatic invasion
and high-grade solid and/or micropapillary components
constituting =1% of the entire tumor. Positive podoplanin was
also associated with decreased DFS [39].

Stereotactic body radiation therapy (SBRT): The outcomes
after stereotactic body radiation therapy (SBRT) for early-stage
adenocarcinoma of the lung correlate highly with histologic
subtype. Micropapillary and solid tumors portend significantly
higher rates of locoregional and metastatic progression. The
histologic subtype determined from core biopsies after SBRT
is a prognostic factor and could have important implications
for patient selection, adjuvant treatment, biopsy methods, and
clinical trial design [40].

Pathologic index predicting survival: Lee et al. aimed to
determine the prognostic significance of a pathologic index
designed to take into account morphological subtypes and
overall tumor heterogeneity. This study used a cohort of
patients and determined the HR of each pattern individually.

Based on the HR of each subtype, four indices were developed
[41]. The validation group consisted of 148 patients with
completely resected adenocarcinomas. One of their indices
enabled significant patient stratification in the validation
cohort according to DFS, and showed the highest Harrell’s C
index (a measure of how well binary outcomes in a logistic
regression model fit). This novel pathologic index reflects
tumor heterogeneity in lung adenocarcinomas and has good
prognostic ability to predict survival [41].

MMP9: In a cohort of 104 cases, Yu et al. analyzed the
activity of matrix metalloproteinase 9 (MMP9). Their results
showed that levels of MMP9 were the highest in micropapillary
and solid predominant subtypes of lung adenocarcinomas.
In contrast, MMP9 levels were low in acinar and papillary
subtypes, and even lower in the lepidic subtype. Multivariate
analysis revealed that pathological subtype and activity of
MMP9 were independent prognostic factors for DFS [42].

Mucinous variant of micropapillary carcinoma: In survival
analyses, mucinous variant of micropapillary carcinoma
tended to be more aggressive compared with non-mucinous
micropapillary cacrcinoma. However, the prognostic value
of the mucinous variant was not shown to be statistically
significant in a study by Kamata et al [43].

Prognostic factors by tumor size

Tumor size <1 cm: Zhao et al. studied small invasive
lung adenocarcinomas and found that the tumors with high
heterogeneity and the presence of micropapillary component in
5% or more of the adenocarcinomas was significantly correlated
with lymph node involvement and tumor recurrence. Stage IA
patients who underwent limited resection had a higher risk of
recurrence than did those treated by lobectomy [44].

Tumor size <2 cm: Yoshida et al. evaluated 21 cases and
found that a micropapillary component was associated with a
higher frequency of lymphatic invasion, vascular invasion, and
lymph node metastasis. Additional correlation with findings on
imaging techniques were performed (for detailed results please
refer to the Radiology/Imaging section) [45].

Tumor size <3 cm: Hung et al. investigated the prognostic
factors in patients with node-negative lung adenocarcinoma
3 c¢cm or smaller to find potential candidates for adjuvant
chemotherapy. Their study showed that patients with the
micropapillary and/or solid predominant patterns had
significantly higher risk for recurrence. This study also
suggested that these patients could benefit from adjuvant
therapy [46]. In completely resected lung adenocarcinoma
cases of less than 3 cm, micropapillary pattern was a
significant predictor of occult N2 lymph node metastasis in
a study including 471 patients performed by Hung et al. [47].
Additionally, a more detailed study by Yu et al. evaluated 2,268
cases of lung adenocarcinoma (<3 cm) and found that lymph
node involvement (pN1+ pN2) was present in 3.2% patients
with tumor size < 1.0 cm, 14.5% patients with tumor size >1.0
cm but £2.0 cm, and 31.1% patients with tumor size > 2.0 cm but
<3.0 cm. Among these histotypes, lymph node involvement was
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the highest in tumors with solid and micropapillary patterns
(47.6% and 47.2%, respectively) [48]. Finally, Matsuoka et al.
evaluated 86 patients with acinar and papillary-predominant
tumors and found that solid or micropapillary components had
the most significant effect on DFS and disease specific survival
(DSS) in multivariate analysis [49].

Molecular features and targeted therapies: In the 1980’s,
primary lung cancers were crudely divided into small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC). This
distinction was largely based on the response of these two
categories to different cytotoxic chemotherapeutic agents [50].
In the 2000’s, the differential response of patients with NSCLC
to newer therapies such as anti-angiogenic agents and tyrosine
kinase inhibitors prompted further subclassification of NSCLC
[51,52]. Since then, driver mutations of lung adenocarcinoma
(LADC) have been identified, and in the current era of precision
medicine, detection of molecular changes is crucial to guide
targeted therapies. Moreover, in patients with actionable
molecular changes, the addition of selective inhibitors improves
outcomes compared to standard cytotoxic chemotherapy [53-
55].

Most Common Mutations and Translocations: Variable
rates of EGFR, KRAS, and BRAF mutations and ALK
translocations in micropapillary LADC have been reported.
KRAS, EGFR, and HER2 mutations are mutually exclusive [58-
61]. According to a study performed on 425 micropapillary
LADC cases from a Western European cohort, the most common
alterations detected, in descending order, were KRAS, EGFR,
BRAF, and ALK [56]. However, a meta-analysis performed
with 48 studies and 19,502 cases of LADC with an incidence
rate of micropapillary carcinoma of 0.101 showed that the most
common molecular alterations were EGFR mutations, followed
by KRAS mutations and ALK translocations [57].

While KRAS mutation is found more commonly in male
smokers [56], EGFR mutations are found more commonly
in LADC in female non-smokers [55,56]. EGFR is a
transmembrane glycoprotein receptor that when activated
triggers the activation of a signaling cascade that drives
cellular proliferation. Overexpression of EGFR in cancer
cells is associated with a poor prognosis and resistance to
chemotherapy and radiation. Therapeutics such as erlotinib,
gefitinib, afatinib, and osimertinib, which consist of either
monoclonal antibodies that target the extracellular binding
domain of the EGFR receptor or small-molecule inhibitors that
function by inhibiting intracellular signal transduction, have
been developed to combat the proliferation effects of EGFR
overexpression in cancer cells [62].

In recent studies, Matsumura et al. presented a hypothesis
of the carcinogenetic pathways for the development of wild-
type and mutated EGFR in LADC. Their investigation was
conducted on 337 samples of resected LADC and 177 biopsy
samples of surgically unresectable advanced tumors from
a Japanese cohort. Their findings suggested that EGFR-
mutated LADC may develop from terminal respiratory units,
shown as a lepidic pattern with hobnail or spheroid cellular
features, and may progress to form predominantly papillary

and micropapillary patterns. In contrast, EGFR wild-type
LADC may develop from central airway compartments, and
shows lepidic pattern with a more columnar morphology, and
progresses to form predominantly acinar and solid patterns
of invasive LADC. Although papillary and micropapillary
components were rarely seen in EGFR wild-type tumors, they
represented a minor component and their association with the
malignancy grade in EGFR wild-type tumors was not found to
be statistically significant [63].

Similarly, a study performed on 107 cases from a South
Korean population showed a correlation between EGFR
mutation, micropapillary predominant subtype of LADC, and
the presence of any amount of lepidic subtype [64]. However,
similar studies done on cases from a Western cohort showed
results that are not consistent with those found in East Asian
cohorts. De Oliveira, et al. studied 15 cases of micropapillary
LADC patients from a Western cohort and found that EGFR
mutations were only present in three of the 15 cases; KRAS and
BRAF mutations detected in five and three cases, respectively
[60]. In another study, Suda et al. [65], investigated the
heterogeneity of expression of mutant EGFR protein and
EGFR gene copy number in an autopsy case. In their study,
they sampled 15 tumor specimens from different sites from
a patient who had extensive metastatic disease. Their results
suggested that tumor progression does not lead to EGFR mutant
protein and EGFR gene copy number alterations. Due to the
high fidelity of the metastases with the primary tumor, they
advocated for using biopsy specimens from metastatic lesions
as surrogates for the primary tumor. They also documented
the higher mutant-specific EGFR protein in the micropapillary
components of the examined lesions compared to the non-
micropapillary components.

Regarding molecular studies and clinicopathological
features, Wang et al. [66], studied lung adenocarcinoma
correlated with echinoderm microtubule associated protein-
like 4 (EML4)-anaplastic lymphoma kinase (ALK) fusion and
EGFR mutations. In their study, tumors with predominantly
micropapillary pattern (n = 5) contained EGFR mutation, but
no EML4-ALK mutations. Additionally, another study of 100
LADC cases showed a correlation between micropapillary
architecture and EGFR mutation [67]. LADC with the presence
of a solid or micropapillary growth pattern and high CpG island
methylation, but no EGFR mutations was associated with a
lower OS [68].

Human Epidermal Receptor 2 (HER2), also known as
ERBB2, is another member of the EGFR family of receptors
that has no ligand receptor, but does tyrosine kinase activity
[61,69]. In LADC, HER2 mutation is more common in females
[70]. Micropapillary LADC, particularly mucinous type, showed
higher incidences of HER2 and ALK mutations with lower
incidences of EGFR mutation in two studies [58,71]. Patients
with tumors harboring HER2 mutations have been shown in
clinical trials to respond to several types of targeted therapies
(i.e. trastuzumab, afatinib, and ado-trastuzumab, either as
single agent or in combination with a cytotoxic chemotherapy)
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EML4-ALK fusion is the most common gene fusion found
in LADC [58], yet it is still rare, especially with micropapillary
growth pattern [56]. In a study from India on 240 LADC
cases, 17 cases harbored ALK rearrangement, of which only
one case had micropapillary predominant histology [73]. In
a study of samples from 18 patients with LADC who had a
primary presentation with metastatic pleural effusion, 10
cases had EGFR mutations, three had KRAS mutations, and
one case showed ALK translocation [74]). The detection of ALK
translocation predicts enhanced sensitivity to ALK specific
tyrosine kinase inhibitors, such as crizotinib, ceritinib, and
alectinib. Treatment with these targeted therapies improves
outcomes in selected patients [56].

Programmed Death 1 (PD-1) and Programmed Death Ligand
1 (PD-L1): The interaction of PD-1and PD-L1 confers immunity
to cancers cells against T-cell targeted killing when the cancer
cells express PD-L1. PD-L1 testing by immunohistochemistry
indicates use of monoclonal antibodies against PD-1, e.g.
pembrolizumab, in patients with advanced NSCLC. In their
study of 476 patients with LADC, Kim et al. [75], showed that
PD-L1 mRNA and protein expression in primary LADC is more
frequent in tumors with higher grade micropapillary and
solid patterns compared to lower grade lepidic predominant
patterns. Furthermore, they showed that PD-L1 expression
was associated with higher rates of KRAS mutations, but
lower rates of EGFR mutations. Conversely, Kwong et al. [76],
showed that of 74 LADCs studied, 53% of micropapillary and
solid components showed PD-L1 membranous positivity by
IHC staining, compared to 35% in the acinar and papillary
components and <1% in the lepidic and invasive mucinous
components. Interestingly, Takada et al. [77], showed in a
study of 417 surgically resected primary LADCs that PD-L1
protein expression, detected by IHC staining, was correlated
with higher histologic grades (i.e. micropapillary and solid
predominant patterns), wild-type EGFR status, higher T and N
stages, and presence of pleural and vascular invasions, as well
as male sex and smoking history. Finally, another report by
Kim et al. concluded that PD-L1 expression is also correlated
with nodal metastasis [58].

Glucose Transporter 1 (GLUT1): Glucose transporter 1
(GLUT1) is a cell surface transporter of glucose normally found
in red blood cells and the blood-brain barrier [78]. Aberrant
expression of GLUT1 has been documented in several malignant
neoplasms, including those of the breast, prostate, thyroid,
stomach, and squamous cell carcinomas of the head and neck
[79]. The expression of GLUT1 and carbonic anhydrase IX in
NSCLC, in conjunction with metabolic tumor volume and total
lesion glycolysis measured by positron emission tomography
(PET) scanning, was assessed by Koh et al. as a prognostic
marker in 269 resected NSCLC. Multivariate analysis showed
that GLUT1 expression was an independent risk factor for a
lower OS rate in patients with LADC. GLUT1 expression was also
associated with micropapillary and solid patterns, higher rate
of lymphovascular invasion, and advanced pTNM stage [80].

Matrix Metalloproteinase 9 (MMP9): The matrix
metalloproteinase enzyme family consists of several proteins
involved in the normal physiologic processes of degradation

of the extracellular matrix and angiogenesis [81]. Cancers
that express higher levels of matrix metalloproteinase 9
(MMP9) show higher metastatic potential [82]. Yongfeng
et al. assessed the correlation between MMP9 enzymatic
activity in 104 resected stage IB LADC cell samples and their
associated clinical outcomes. The results showed that solid
and micropapillary predominant histologic patterns had the
highest MMP9 enzymatic activity, followed by acinar and
papillary predominant patterns, and then lepidic predominant
pattern. They also confirmed that tumors with higher MMP9
activity have poor prognosis [42].

In summary, there is wide variation in the genetic
profiles that drive the growth, evolution, and development
of LADC. Gene mutations and translocations can be exploited
as targets for new medication that offer better outcomes for
select patients. Precise molecular testing in LADC is becoming
more critical to identify patient subsets that will benefit from
targeted therapies. Factors like race, gender, age, and smoking
history influence molecular alterations. Despite the advances
in molecular testing, around 40% of all LADC cases have an
unknown mutation status. Moreover, several identifiable
mutations either have no targeted therapies or have targeted
therapies that are in still in clinical trials. More studies are
needed to explore the full molecular landscape of LADC and
identify actionable mutations.

Radiology/imaging: Currently, it is well-accepted that the
micropapillary component of tumors represents a distinct entity
associated with higher tumor aggressiveness. In the past, it
has been shown that even the most modern multimodality PET
or including computed tomography (CT) imaging technology
may fail to adequately visualize this important component,
with relevant prognostic implications. Thus, histopathology
remained the single, most crucial diagnostic tool in the surgical
specimen or in preoperative biopsies or cytology [83]. Few
recent studies have shown progress to address this diagnostic
deficit. For example, Yoshida et al. recently demonstrated
that adenocarcinoma with a micropapillary component was
significantly more frequently detected with high-resolution
computed tomography (HRCT) in solid nodules (17.8%, 16/90)
than in either ground-glass nodules (1.5%, 1/67) or part-solid
nodules (5.3%, 4/76) [45].

In a separate study, Lee et al. evaluated in 723 tumors
the prognostic value of the newest classification system
recommended by the IASLC/ATS/ERS together with the value of
imaging biomarkers, including PET and CT. The predominant
histological subtype and pattern subgroups were quantified,
and the tumor-shadow disappearance ratio (TDR) on CT and
maximum standardized uptake value (SUVmax) on PET were
assessed. Over a period of 3.8 years of follow up, only 3.2%
of cases had micropapillary predominant features. These
results showed that in patients with stage I LADC, histologic
subtypes and radiologic features, including TDR-4, TDR-2,
and SUVmax were found to be significant predictors of DFS and
0S. Particularly micropapillary, along with solid morphologies,
in LADC had the lowest TDRs and the highest SUVs, both of
which are associated with worse prognosis. The TDRs on CT
and SUVmax on PET, along with new histologic classification
schemes, appear to be promising parameters for the prognostic
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stratification of patients with LADCs, allowing for the triage of
patients who necessitate further staging workup and adjuvant
therapy [84].

Moon et al. performed a retrospective review of 350 patients
that underwent curative LADC tumor resection. A total of 87%
of the tumors were PNoO, and 12.9% were PN1/2. Their data
showed that in cases diagnosed as clinical No by chest CT and
PET scanning, the possibility of occult lymph node metastasis
increases with SUVmax greater than 5. Additionally, in those
same cases, the pleural, lymphatic, and vascular invasion, as
well as a micropapillary component, were more frequently
observed [85].

Finally, a single study correlating mutational status of
tumors and findings on imaging was reported by Wang et al.
They retrospectively reviewed 153 patients underwent who
surgery to treat LADC. After identifying the histological subtype,
they detected EGFR mutations and retrospectively analyzed
the characteristics assessed by CT in the tumor compared to a
mutation-negative cohort. There findings demonstrated that
EGFR mutations correlated with micropapillary morphology
subtype and with air bronchograms on CT imaging. In addition,
EGFR mutations were independently associated with other CT-
identified characteristics, including ground-glass opacity/
tumor ratio [86].

Conclusion

Our review of the literature published about micropapillary
LADCs provides a current and accurate update of the field,
including review articles, retrospective reviews, and studies
with large patient cohorts. We included all articles identified by
our search criteria dated from more than 10 years ago to evaluate
how this entity was discovered and how it was accepted by
researchers. In our opinion, the work of Amin et al. was crucial
to assert that micropapillary carcinoma was an entity likely to
be found in LADCs, and that its presence did not necessarily
persist in metastatic tumors, though it is a possibility in
primary tumors [6]. Early researchers found that lymph node
involvement, lymphovascular/ pleural invasion, DFS, and
0S were significantly worse in patients with micropapillary
morphology in their tumors, and that those patients had a poor
overall prognosis. To date, even more studies have continued to
confirm these findings.

Theinitialfindingsabouttheimportanceofthemicropapillary
component on prognosis were so significant that the IASLC/
ATS/ERS revised the classification of LADC by proposing new
morphological criteria in order to provide a uniform diagnostic
terminology for multidisciplinary patient management. This
terminology was described in the most recent version of the
WHO recommendations in 2014. Additional details about this
subtype of morphology have emerged; however the majority are
for prognostic purposes. Interestingly, we did not discover any
studies that have investigated the morphologic criteria used to
objectively diagnose micropapillary adenocarcinoma. However,
in our experience, we have seen that there are differences in
the criteria used among pathologists, even within the same
institution. In our opinion, we assert that more than four cells

per cluster, multiple clusters in single alveolar/lacunar space
(very slender, 3-4 cell thickness), and inverted nuclear polarity
is a clinically useful diagnostic triad. However, there is an
unmet need to publish consensus among experts in the field
and to objectively evaluate the criteria that allow high levels of
concordance among pathologists.

Molecular studies have been exponentially increasing, and
they present promising results regarding potential targeted
therapeutic alternatives for patients. At this time, increasing
the accuracy of prognosis and the OS rates remains a huge
challenge in the field. Advanced radiological and imaging
techniques can be helpful to determine prognostic relevance
and assess potential therapeutic modalities. Nonetheless,
morphology is and will likely continue to be one of the most
important methods to rely on when diagnosing and predicting
lung carcinoma.
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