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Background

In the 10/22/17 issue of Thorax, Ruoyan Li and colleagues
published an interesting analysis of 2 patients with
multifocal adenocarcinoma (1). Both patients were
non-smokers who presented with multiple (n=7 and 8)
ground glass nodules (GGNs) which were mostly
resected and confirmed to be within the adenocarcinoma
spectrum, ranging from premalignant lesions [atypical
adenomatous hyperplasia (AAH)] to minimally invasive
lesions [adenocarcinoma in situ (AIS) or minimally invasive
adenocarcinoma (MIA)] and invasive adenocarcinoma
(2 lesions in patient 2 were not resected). There was no
lymph node involvement or lympho-vascular invasion
in either case. In the first patient, 3 of the lesions had a
substantial solid component (on lung windows as seen on
the CT images in the paper) and were moderately large
(17-37 mm overall size). The second patient had only pure
ground glass lesions that were relatively small (4-14 mm
overall size).

Li et al. carried out exome sequencing of the resected
lesions, with an average of 68x exome coverage depth (1).
In patient 1, five lesions shared a single mutation in EGFR
(p.L858R); but this was viewed as convergent evolution
because this mutation is widely recognized as a frequent
mutation in lung adenocarcinoma. Excluding the EGFR
p-L858R variant, Li er 4l. found that for 6 of the lesions
the detected mutations were distinct from the mutations
in each of the other lesion. However, two of the lesions
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shared nineteen non-synonymous and seven synonymous
mutations with each other. Almost all the shared mutations
occurred in rarely reported genes. Of note, these two
lesions were histologically dissimilar, one being papillary
predominant (60%) and the other acinar predominant
(90%), as well as other morphologic differences. Li et al.
looked for a possible field cancerization effect through
exome sequencing of normal lung tissue between the two
GGOs that shared many mutations, but did not find any
somatic mutations in the normal tissue.

Similarly, in patient 2, five lesions had distinct, non-
overlapping mutations, but two lesions shared four non-
synonymous and four synonymous mutations. One of the
lesions was classified morphologically as AAH and the other
as AIS (which may be more reflective of differences in size
than lesion morphology, but no morphologic details were
provided).

Li et al. concluded that the shared mutations identified by
exome sequencing in two GGNs in each patient indicated
that the two lesions originated from a common ancestor.
The degree of shared mutations, particularly since these
were noted in rarely reported genes, could not be explained
as convergent evolution, and indicated that the two lesions
represented intrapulmonary metastasis. Li et 4/ also
concluded that the other lesions in the 2 patients were clearly
separate primary tumors, although they speculated that with
higher exome coverage depth some of these unrelated lesions
may actually turn out to be related after all (1).
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In the view of Li er al., their findings have important
far reaching implications. The demonstration that
intrapulmonary metastasis can occur even among GGNs—
i.e., the more indolent and non- or pre-invasive part of the
spectrum of adenocarcinoma—and in cases without nodal
or lympho-vascular involvement undermines our concepts
or how metastasis occurs. Li e /. went on to conclude that
for patients with metastatic GGOs, wedge resection may
not be enough (1). The unstated overall implication is that
perhaps we should be more aggressive with the earliest
manifestations of lung cancer—i.e., resect even small pure
ground glass lesions, including AAH, and with larger
resections.

Perspectives and assumptions

Li and colleague’s assessment of multiple GGNs is clearly
from a genomic perspective. Inherent in their view is a
number of (widely held) assumptions, which may or may not
be true. First, that the genomic information gets us closest
to the truth, and trumps other observations. (The fact that
the lesions with shared mutations are morphologically
dissimilar is discounted). It is assumed that mutations occur
randomly, so that the more shared mutations there are,
the lower the probability that this could have occurred by
chance alone. The fact that the “related” lesions also have
many discordant mutations is viewed as further evolution
of each from a common ancestral clone. [However, the
EGFR p.L858R mutation present in many of the lesions
is not viewed this way; indeed, EGFR mutations are
common mutation among lung adenocarcinomas, have been
demonstrated even in adjacent normal tissue and have been
taken as evidence of field cancerization (2-4)].

Can we be sure that the shared mutations between
2 tumors prove that these are the same tumor? Could
similar mutations be caused by a particular etiology that
affects a certain genomic target? Could cellular selection
favor certain mutations (isn’t this the explanation for the
widespread prevalence of EGFR mutations)? Of course,
these hypotheses are undermined by the fact that most of
the lesions in the Li er 4/. analysis had no shared mutations
atall.

In 2014, the International Association for the Study of
Lung Cancer (IASLC) created a special committee focusing
on multiple pulmonary sites of lung cancer. This group
carried out a systematic literature review and considered
many perspectives: morphologic, genomic, mechanistic
(scientific evidence regarding how metastasis occurs),
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and biologic behavior (recurrence patterns and response
to treatment) (5-8). The committee concluded that, for
the most part, evidence that 2 lesions are the same (i.e.,
metastatic) or different (i.e., separate primary tumors) must
be viewed as only suggestive because of inconsistencies in
the available data. Specifically, the committee concluded
that “mutational profiling [by itself] should not be considered
definitive and must be considered together with other
information (5).” Only a different histotype (e.g.,
adenocarcinoma and squamous carcinoma) or different
morphology by comprehensive histologic assessment (i.e.,
proportion of adenocarcinoma subtypes) was acceptable
by themselves to define 2 lesions as different, and only
comprehensive genomic hybridization (a complex research
tool) was acceptable by itself to define 2 lesions as the same (7).

Regarding ground glass/lepidic (GG/L) tumors, such
as were present in the patients analyzed by Li ez 4/., the
TASLC committee concluded that a detailed histologic or
genomic assessment was not necessary; these lesions should
be classified as multifocal adenocarcinoma and viewed as
separate primary cancers (8). This was driven by several
factors: excellent clinical outcomes despite the multifocal
nature, easy recognition of the entity by the ground
glass component and the need for a clinically applicable
definition (as pure ground glass lesions should generally be
observed and not resected). The IASLC committee found
an average 5-year survival of 85% in multifocal GG/L
tumors (which were mostly part-solid). Distant recurrence
was highly unusual, and the primary form of “recurrence”
was the development of a new lung primary (a new GG/L
adenocarcinoma) (8).

Many studies have demonstrated that GG/L tumors (both
isolated and multifocal tumors) exhibit rather indolent
behavior (9-12). Most prominent perhaps are 2 prospective
studies in which GGN were observed until specific criteria
were met (e.g., development of growth of a solid component
on mediastinal windows of >2 mm) (9,11). Most GGN
remained stable (even after 20 years in one study) (1), only
a small minority were resected, but all of these were stage 1
cancers with excellent survival (9,11). These studies suggest
that the mere presence of a GGN should not be cause for
concern.

The IASLC committee avoided explicitly defining the
nature of the multifocal GG/L lesions. The committee
considered multiple perspectives and types of evidence, but
concluded that the level of understanding was insufficient.
One can debate whether it was wise of the IASLC
committee to avoid speculation in an area of uncertainty.
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Figure 1 The parable of 6 blind men examining an elephant, each

drawing a conclusion form a limited perspective.

One might view the analysis by Li ez al. as potentially
shedding some light on this entity.

The reality is that we are all like blind men, trying to
characterize an entity that we are not (yet) able to observe
in its entirety (Figure 1). We must be careful not to
overemphasize a particular perspective, and not to go too
far in drawing conclusions from particular observations. We
must also be careful to question inherent assumptions. The
biologic behavior of cancer is complex, impacted by tumor
cell characteristics, host factors (e.g., microenvironment),
and multiple interactions between these (cell signaling,
epigenetics, immune surveillance). What we are able to
observe may be a mere manifestation of a more fundamental
(obscure) process; this is highlighted by the fact that EGFR
mutated lung adenocarcinoma can transform into small cell
lung cancer and back again when treated with an EGFR
inhibitor (13).

Getting from here to there

If we accept a common clonality for 2 of the lesions in the
Li e al. patients, what does the fact that these were detected
at distinct sites (though in the same part of the lobe) mean?
Is this a manifestation of metastatic dissemination, and a
surrogate for poor outcome? Or is some other mechanism
at play?

There is accumulating evidence in lung squamous cell
carcinoma that genetically very similar lesions can spread
throughout the tracheobronchial tree. It has long been
clinically recognized that patients with central airway
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carcinomas have a high probability of additional similar
lung cancers (14-16). In 1997 Franklin et a/. demonstrated
an identical p53 point mutation at multiple dysplastic sites
in the airways of both lungs—of note, no invasive tumor
was demonstrated at any site (the patient had died of benign
causes) (17). More recently, a longitudinal study of serial
biopsies in several patients demonstrated the appearance
of carcinoma in situ lesions, genetically highly similar to a
resected squamous lung cancer. These lesions developed in
areas that were normal on previous biopsies, and intervening
mucosa remained normal; the progression involved a distal
to proximal direction, occurring over many years (some of
these lesions were treated, others were not) (18). Similar
findings have been reported by others (19). These studies
suggest that “migration” through the respiratory epithelium
can occur—this happened slowly, and not necessarily with
ominous clinical impact. Is the presence of genetically
similar adenocarcinoma lesions in the study by Li er 4l
(within the same part of a lobe but with intervening normal
tissue) evidence of the same phenomenon as has been
seen with squamous cell lesions? Is this a fundamentally
different process than what is traditionally considered to be
metastatic dissemination?

We have limited understanding of the mechanism behind
the appearance of a cancer cell at a physically separate
site. There is extensive data that the process of metastasis
is highly complex. Tumor cells exhibit plasticity, undergo
epithelial to mesenchymal transition during the multistep
invasion-dissemination process (invasion, intravasation,
migration, survival in the circulation), and then back again
as the extravasation-colonization-metastasis-formation
process continues (20-22). The various steps are influenced
not only by tumor-cell-intrinsic genetic and epigenetic
determinants but also a complex array of tumor-host-
interactions at both the primary and metastatic sites (20-22).
Tumor cells are present simultaneously in many different
forms (at primary site, circulating cells, dormant forms,
permissive niches etc.) and heterogeneous subpopulations
with different gene expression, host-tumor interactions and
potential biologic behavior. There is a complex dynamic
flow of tumor cells between the primary site, circulating
cells, overt metastases and back to the primary site (20-22).
This extensive data makes it clear that it is overly simplistic
to think of the process of metastasis as one governed by
physical routes that a cancer cell could take in dispersing
from a site of origin (i.e., lymphogenous, hematogenous,
aerogenous).

The concept of field cancerization is appealing in the
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context of multifocal cancer. While there is much evidence
supporting this, there is conflicting data and controversy
how this leads to the development of multiple cancers (19).
Does a field of injury (with related genetic alterations)
provide a fertile ground for the development of multiple
separate primary cancers/Does a mutant clone expand and
colonize regionally adjacent areas? Does an established
cancer disseminate (preferentially) to other pulmonary
(permissive) sites?

Li et al. suggest that intrapulmonary metastasis might be
explained by a microscopic observation known as “spread
through air spaces” (STAS), in which isolated tumor cells
are observed beyond the edge of the main tumor (23,24).
However, STAS may be merely a marker for particular
tumor characteristics rather than an actual mechanism
for metastasis. STAS is strongly correlated with node
involvement, lympho-vascular invasion and more aggressive
tumor types (24). Furthermore, it may be an artifact; studies
have demonstrated that the presence of STAS correlates
with the number of cuts made of the specimen, leading
some to refer to it as “STAKS—spread through a knife
surface” (25,26). Or is the observation of STAS similar to
the “discovery” of circulating tumor cells decades ago? We
now know that circulating cells are present in essentially
all patients (including stage I), are not correlated with
subsequent appearance of systemic metastasis, and do
not provide an assessment of the factors that govern the
complex multistep process of development of systemic
metastases (21,22,27). At this point we have a limited
understanding of what the microscopic observation of STAS
actually represents.

Blind people should leap carefully

Given the limitations in our fundamental understanding of
cancer development and dissemination in general, and in
particular multifocal cancer, we must be careful about how
far to go in drawing conclusions for observations in two
patients in the study by Li ez 2. We should not assume that
if there are shared mutations, it must be evidence that the
tumor has the ability to migrate (metastasize) or that if it can
metastasize then it must be life-threatening. The observed
results are that survival after resection of AAH, AIS and
MIA is essentially 100%. If a proportion of multifocal
GGNs are metastatic (the observations by Li ez a/. suggest
that 10-20% might be), and this is indeed an appropriate
surrogate endpoint, we would expect worse survival.
Furthermore, there are many studies demonstrating that
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the majority of GGNs do not progress over time, and that
in those that do, resection remains curative.

I think we should be particularly careful not to draw the
conclusion that the observations of Li ez /. imply that we
need to be aggressively resect pure GGNs because some are
already metastatic. This represents a huge leap, based on
multiple assumptions. It ignores a great deal of evidence we
have to the contrary. I think we should view the findings by
Li et al. as an interesting piece of a jigsaw puzzle, but one that
I cannot yet connect sufficiently to other pieces to allow the
image depicted by the entirety of the puzzle to emerge. It
is appropriate to speculate what it might mean. It is right to
try out how well this piece of information fits or does not fit
with other evidence that we have. But we should refrain from
drawing extensive conclusions about the overall picture based
on scrutiny of one piece of a complicated puzzle.
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