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Gastrointestinal and pancreatic neuroendocrine tumors are
uncommon diseases which can have a varied clinical course.
This category of tumor includes functional and non-
functional variants and despite the common developmental
pathway for the cells of origin, the tumor subtypes can
demonstrate strikingly different behaviors. Due to the
rarity and heterogeneous courses of this family of tumors,
investigators have attempted to utilize pre-operative data to
determine the prognosis prior to initiating treatment. The
recent publication by Armstrong er al. attempts to expand
on prior works which demonstrate poor outcome based on
radiographic features of the primary tumor such as arterial
phase hypoenhancement and/or calcifications (1-4). In these
studies, such findings were markers for early or synchronous
hepatic metastasis.

At its core, the fundamental question being asked is “can
you judge a book by its cover?”. Can we accurately predict
biologic behavior and patient survival based on (somewhat)
static non-functional cross-sectional CT imaging? It is
desirable to think that one could determine an individual
patient’s survival before undertaking a major tumor
resection, such as a hepatectomy. This would be especially
attractive if we could make such a prognostication based
on readily-available, commonplace imaging techniques.
Unfortunately, CT imaging, even when done well with
precise timing of the contrast bolus, falls short. In their
study, Armstrong et a/. included 82 patients with known liver
metastases from a variety of gastrointestinal and pancreatic
primary locations. They did not find an association between
typical markers of aggressive tumor biology (multifocal
synchronous lesions, high Ki-67 index, primary tumor
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location, etc.) with the presence of calcifications in the
metastases. Furthermore, they did not demonstrate an
overall or recurrence-free survival difference for patients
with or without calcifications. Likewise, they reported
similar findings with arterial enhancement status. These
findings seem to contradict the previous publications
which evaluated primary tumors (2-4). This again begs the
question: can tumor biology be accurately predicted based
on non-functional cross-sectional imaging? The findings
presented above cast doubt on this, especially if we are
going to rely on calcifications or contrast enhancement
patterns. Elsewhere in pathophysiology we associate
intralesional calcifications with chronicity, particularly in
situations of inflammation or local tumor response. If the
presence of calcium in a neuroendocrine tumor is to reflect
an aggressive nature, are we to infer that some tumors are
older and, over time, have accumulated a greater malignant
nature? In such a scenario, once the cat is out of the bag and
metastases develop, the clinical outcomes between calcified
and non-calcified or hyper- vs. hypo-enhancing lesions
appear to converge. This would suggest that these findings
may be less associated with tumor biology and more with
tumor chronicity. We see similar patterns among other
unrelated tumors such as intraductal papillary mucinous
neoplasm (IPMN), where calcifications are associated
with tumor size which, again, is a function of the interplay
between tumor age and aggression (5). Younger, more
aggressive tumors and older more indolent tumors can
both grow to similar sizes. The development of metastatic
potential is not a pre-destined event along this process,
especially for neuroendocrine carcinoma. In not finding an
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association between radiographic features of the metastases
and outcomes, the authors have demonstrated something
important: unfavorable tumor biology is not limited to
rapidly growing tumors. “Bad biology” may also include
insidious tumors which elude detection for some time and
can grow to large size and/or invade critical structures. At
the end of the day, it is genotype that largely determines the
phenotype.

This expanded definition of “bad biology” does not
necessarily diminish the utility of prior reports on the
radiographic features of neuroendocrine carcinoma.
Knowing that calcifications or hypo-enhancement are
might be associated with the presence of metastases may
still have clinical utility even if that utility is diminished
when evaluating those features in the setting of known
metastases. For the surgeon evaluating a patient for
resection, the risk of micro-metastatic subclinical disease is
always a top concern. Which scenario is more concerning
to the oncologic surgeon: a rapidly growing primary tumor
which may not yet have developed metastatic potential or,
if it has, the metastases may exhibit equally rapid growth
vs. a slow-growing, indolent tumor which has had ample
time to shed occult metastases? These scenarios are highly
speculative, and it is clear that further work is needed for
us to provide better prognostic information. We applaud
the authors for evaluating this question in the setting
of metastatic disease as these findings further define the
context in which radiographic features may be helpful.
These data are thought provoking and lead one to consider
whether functional radiographic studies such as dotatate
PET might shed light and correlate with tumor histology

or genotype.
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