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Colorectal cancer (CRC) is one of the most common malignancies with a dismal prognosis. Indeterminate pulmonary
nodules (IPNs) are lung nodules with uncertain nature, generally defined as a noncalcified nodule smaller than 10 mm in
diameter or solid nodule no greater than 20 mm at maximum diameter without malignant character. With the widespread
use of preoperative staging computed tomography (CT) of the chest and follow-up CT, IPNs are frequently detected in
patients with CRC, which makes diagnosis more controversial. Generally, progression to pulmonary metastasis from IPNs
is rare. Thus, no further interventions were needed for IPNs in CRC patients. A second reviewing of scans with IPNs by both
clinicians and experienced thoracic radiologists may help to obtain a more accurate diagnosis.
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Colorectal cancer (CRC) is the third most frequent
cancer and the second leading cause of cancer associ-
ated death [1]. Moreover, the global incidence of CRC is
expected to increase substantially in the next decades [2,
3]. The liver is the most common site of distant metastasis
from CRC, while lung ranking second [4, 5]. Pulmonary
metastasis has been reported in the range of 10-22% in all
CRC patients [5]. Pulmonary nodules are frequently found
in routine preoperative staging computed tomography (CT)
and follow-up CT of the chest in CRC patients. However,
not all pulmonary nodules are associated with metastatic
disease. The issue of determining the nature of lung nodules
in CRC patients has received considerable critical attention.
The biopsy is the gold standard in determining the nature
of lung nodules, but it is traumatic. Moreover, we need to
consider several other factors including biopsy compli-
cations, costs, technical level, cost-to-performance ratio,
patient’s condition. Thus, the biopsy may not suitable for
all cases. It’s difficult for clinicians to define the nature of
some pulmonary nodules, which are defined as indetermi-
nate pulmonary nodules (IPNs). The definition of IPNs is

varying in different studies. Generally, IPNs were defined as
a noncalcified nodule smaller than 10 mm in diameter or
solid nodule no greater than 20 mm at maximum diameter
without malignant character [6].

IPNs are certainly presented in many other cancers
including lung cancer, breast cancer [7, 8], liver cancer, bone
tumor, head and neck tumors [9, 10], and kidney cancer
[11]. Given that IPNs were more frequently detected during
lung cancer screening or follow-up, the majority of the
studies about IPNs are based on lung cancer. There is little
published research on colorectal cancer accompanied by
IPNs and several aspects of IPNs in colorectal cancer remain
unclear which may cause over-treating and over-diagnosing.
Further diagnostic workup may delay the time to resection of
the index cancer, and is associated with increased radiation
exposure, morbidity, costs, uncertainty among doctors and
patient anxiety. Therefore, it’s urgent to come to a consensus
in the management of IPNs in patients with CRC.

In this article, we reviewed the relevant knowledge of IPNs
with CRC, aiming to help better understanding of IPNs in
CRC.
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The incidence of IPNs in CRC

In recent years, the incidence of IPNs in CRC patients is
reported to range from 4 to 45.5% [4, 12-23]. The relevant
studies are shown in Table 1. Although the prevalence rates
of IPNs in CRC patients vary in different studies, only a
small proportion of IPNs progressed into definite metastases
[12]. As shown (Table 1), the radios of IPNs that confirmed
pulmonary metastasis were reported to range from 5.1% to
60.7% [4, 12-23].

However, the inclusion and exclusion criteria of the
patients and the definition of IPNs in these studies are not
consistent. Hence, the comparability between these studies
is lacking evidence. Moreover, a larger number of IPNs and a
larger number of pulmonary metastases were observed in the
patients including distant metastases than in patients without
confirmed distant metastases (Table 1). For this reason, we
wondered whether there is a difference in the incidence of
IPNs among CRC patients with or without distant metas-
tasis. Therefore, we categorized the relevant studies into two
main groups according to their inclusion criteria: distant
metastasis group (including those underwent resection) and
non-distant metastasis group. Interestingly, we found the
incidence of IPNs in a distant metastasis group (10.3%, 43%,
16.3%, 9%, 8.6%, 27.2%, 7.7%) was generally higher than in
non-distant metastasis group (4%, 4.09%). It seems that the
IPNs in CRC patients with extra-thoracic metastases were
more likely to be detected. However, the progressing rate in
both metastasis group (20%, 35%, 50%, 10.8%, 21%, 28.1%,
60.7%) and non-distant metastasis group (16.2%, 14%)
seemed uncorrelated.

Further researches are required to prove it. Other studies
did not elaborate on the inclusion criteria in the aspect of
distant metastases. Furthermore, as we can notice in Table 1,

Table 1. Incidence and progression rate of IPNs.

most of the recent researches was retrospective. Further
prospective studies are needed to elucidate the incidence and
nature of IPNs and built the best management for patients
with IPNs.

A risk factor of IPNs progressed to pulmonary metastasis

So far, this paper has focused on IPNs in colorectal carci-
noma. Given the previous researches show a predominant
incidence rate among high-risk patients with a worse disease-
free survival rate [22], it is important to have a deeper under-
standing and better evaluation of IPNs. The following section
will discuss several factors of IPNs in order to provide a clear
understanding for clinicians.

Nodules characteristics

Location of IPNs. Lung nodule location has been proven
to have an influence on the likelihood of malignancy.
However, most of the studies were lung-cancer-based and
similar studies in the location of IPNs among CRC patients
are rare. Previously, several studies had found lung carci-
noma more frequently identified in an upper lobe location,
especially the right upper lobe [24-25]. Likewise, McWil-
liams et al. also concluded in a screening trial that the upper
lobe location is a risk factor for malignancy [26]. Recently,
Fleischner Society management guidelines also approved
that pulmonary nodules located in the upper lobe may raise
the risk of cancer as high as 5% [27].

In another aspect, Varol et al. [17] found parenchymal
nodules were more likely progressive than subpleural ones
which was supported by another study [28] but contrary
to the finding of Horeweg et al. [25]. The possible reasons
may be the different inclusion criteria of participants. The

Stud No. of Incidence of X Characteristics of individuals
Anthor Year typey cases IPNs (%) Progression rate of IPNs (%) Distant metastases(+5/-°) Index tumor
Brent [12] 2007 RP 439 45(10.3%) 6/30(20.0%) + CRC
Maithel [13] 2010 R 160 68(43%) 24(35%) + CRC
Baek [14] 2012 R 224 102(45.5%) 6/59(10.2%) NMP RC
Gomez [15] 2012 PR 184 30(16.3%) 15(50%) + CRC
Quyn [16] 2012 PR 908 37(4%) 6(16.2%) - CRC
Varol [17] 2012 R 1344 55(4.09%) 8(14%) - CRC
Griffiths [18] 2012 PR 539 28(5.2%) 9(32.1%) NM CRC
Nordholm [4] 2013 SR 5873 732(9%) 10.8% CRC
Hogan [19] 2014 R 383 33(8.6%) 7/33(21%) CRC
Kim [20] 2015 PR 1195 326(27.2%) 74/263(28.1%) CRC
Nordholm-Carstensen[21] 2015 R 841 9.8% 5.1% NM CRC
Robertson [22] 2017 R 366 28(7.7%) 17(60.7%) + CRC
Hu [23] 2018 R NM 194 93(47.9%) NM CRC

P - prospective, R - retrospective, RP — retrospective evaluation of prospectively collected data; A) Follow-up CT scans were only performed in 30 of total
45 individuals and 6 of these 30 patients were progressed into certainly malignancy. The else 15 patients didn’t take the follow-up CT due to unknown rea-

«, »

« »

sons. B) “+” indicated that the patients were including distant metastasis; C) “~” means that patients were not found to be metastatic; D) NM means — “Not

mention”.
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NELSON trial was designed as a lung cancer screening.
As the NELSON trial described, the inclusion criterion of
participants was ‘Individuals aged 50 to 75 years, who had
smoked 15 or more cigarettes per day for 25 years or 10 or
more cigarettes for 30 years and were still smoking or had
quit less than 10 years ago. The median age of participants
was 58 years-old, of which 16.5% were female. All partici-
pants had a smoking history, of which 55.6% were current
smokers. In Varol’s research, participants were diagnosed
with CRC with at least one lung nodule identified on a CT
scan before treatment. What’s more, patients with any distant
metastasis, including liver or mediastinum, and patients
with already confirmed pulmonary malignancies, including
primary lung cancer, were excluded. The main differences
between these two researches were listed below: participants
in the NELSON trial were all smokers and smoking had been
proven as the cause of squamous lung cancer. Participants
in Varol’s study were all CRC patients detected with pulmo-
nary nodules. In this cohort, those who has extra-thoracic
cancer, the lung nodules are detected to be metastases with
high risk. Squamous lung cancer is more often found near
the pulmonary hila, while metastases tend to be located in
the periphery [24]. It leads to the problem of distinguishing
between index lung cancer and lung metastasis and it has
been proved that the metastatic lung nodules were usually
located in the periphery and lower parts of the lungs [29].

Size of a nodule. Size is one of the most important param-
eters in evaluating lung nodules, especially in predicting
malignancy [30]. With the wide use of multi-detector low
dose CT scanners, more small pulmonary nodules can be
detected. Most pulmonary nodules, in both non-oncological
and oncological patients, were detected to be less than 10
mm in diameter [31].

Previously, Ginsberg et al. had shown that solitary nodules
and nodules measuring 10 mm are more likely to be malig-
nant, and nodules sized 5 mm are usually benign in patients
with known malignancy [32]. On the contrary, Quyn et al.
[16] deemed that among the CRC patients, the association
between the size of pulmonary and risk of malignancy was
insignificant. The diverse result can be attributed to a number
offactors, including the heterogenicity of individuals (sex, age,
index diseases et al.) and testing technology improvement.

Given that essential treatment, especially chemotherapy,
was urgently needed for CRC patients, it should be noticed
that the size of pulmonary nodules can be altered when
chemotherapy is intervened, which caused the process
in differentiating nodules from benign ones unspecific
[33]. What’s more, it should be noted that the nodule size
should be measured by the average of short-axis and long-
axis measurements on the same image according to the
Fleischner Society guidelines [34]. However, the current
measurement of pulmonary nodules was mostly under
the 2-D dimension, even in Fleischner Society guidelines’
suggestions. A measurement under a 3-D dimension could
obtain a better outcome.

In addition, a nodule that appears stable in size in similar
projections, also described as a low growth rate in other
studies, is considered as benign in subsequent CT scans [3].
One of the important parameters for distinguishing the IPNs
from benign to malignant is that the growth rate of benign
nodules remains mostly stable while the malignant has the
potential to grow larger. Two parameters (the maximum
and average diameter of nodules), measured on axial CT
image, were commonly used in estimating the growth rate
of pulmonary nodules [35]. However, this evaluation has its
limitations, such as selecting bias of measuring points caused
by radiologists and the low repeatability and reproducibility
[36]. Therefore, another parameter, volume doubling time
(VDT), was proposed for a more accurate assessment [37]. As
the British Thoracic Society guidelines recommended, there
were two different volume doubling time (VDT) cut-offs,
400 and 600 days, in differentiating nodules’ nature between
benign and malignant [38]. A VDT <400 days measured by
a follow-up CT scan is considered mostly to be malignant
while a VDT >600 days is remaining conservative without
further intervention. Borghesi et al. performed a retrospec-
tive study in order to evaluate the priority of the VDT cut-offs
of 400 and 600 days. And they found the 600-day VDT
cut-off showed better accuracy than the 400-day VDT cut-off
in differentiating the nature of IPNs <300 mm?® [39]. Thus, it
could be better to have the following check-up of pulmonary
nodules combining size and location while assessing the risk
of malignancy.

Calcification of nodules. Calcification is an important
indicator for evaluating pulmonary nodules. It could be
detected by non-contrast, thin-slice chest-CT. There were
several researches proved that IPNs contains fat or calcifica-
tion centrally inside could be a benign sign in most cases [4,
17]. However, not all the IPNs with calcification were benign.
Eccentricity or scattered calcification is highly indicative of
malignant lesions, which can be seen in 6% of lung cancer
[40]. Moreover, entire calcification could be seen in osteo-
sarcoma, chondrosarcoma or synovial sarcoma as a result of
pulmonary metastases [41]. Therefore, the exclusion of these
diseases was needed while assessing calcified IPNs.

Density of nodules. As one of the most important param-
eters of lung nodules, the significance of nodules density
in distinguishing malignant from benign nodules remain
controversial. Lung nodules could be classified into three
main categories, based on their density, as solid, non-solid,
and part-solid (mixed) nodules, in which the “solid nodules”
are detected most frequently. Xu et al. assessed the density
of lung nodules in size between 50 and 500 mm. And they
concluded that baseline nodule density cannot be used to
discriminate the nature of IPNs, but it is suggestive for malig-
nancy with an increase in density [42]. However, Kamiya and
colleagues found density histogram kurtosis and skewness
may be useful for differentiating malignant from benign
nodules. But what needs to be noticed is that Kamiya et al.
did not perform a histopathological analysis which may
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make the conclusion unreliable [43]. Hence, further studies
are needed to identify the relationship between the density
and the nature of pulmonary nodules. Furthermore, bilat-
eral nodules, metachronous IPNs, and positive perineural
invasion were also illustrated as the risk factors for progres-
sion to metastases [20]. However, relevant studies are absent,
and more evidence-based researches are needed to prove it.
In addition, irregular margins, multiple nodules, older age,
history of malignancy, lymph nodes metastases and tobacco
exposing leading to higher malignant rate had been proven
without any conflicts.

Diagnosis of IPNs

The diagnosis of IPNs still remains uncertain. Distin-
guishing between benign and malignant nodules is crucial. If
the nodules are malignant, the patient should be treated with
lung metastasis resection as soon as possible after proper
evaluation. Pulmonary metastasectomy was a potentially
curative option in the multimodal management of pulmo-
nary metastases despite the lack of evidence from prospec-
tive randomized clinical trials [44, 45]. If the nodules are
confirmed as benign, there is no need to perform surgery.

Previous studies had focused on imaging and tissue
biopsy. Tissue biopsy is the gold standard for pathological
diagnosis. There are several biopsy methods for pulmo-
nary nodules including thoracotomy, thoracoscopic biopsy,
and fine needle aspirate. Thoracotomy is the most effective,
but also the most invasive method to obtain a histological
diagnosis. Fine needle aspirate may be less invasive with
fewer post-complications. However, it’s inevitable for fine
needle aspirate to take a tissue accurately due to the small size
of IPNs. In addition, most of the IPNs are difficult to localize
thoracoscopically and the morbidity of a thoracotomy seems
unwarranted [16].

The biopsy is the most accurate diagnostic tool for the
pathologic confirmation of IPNs. However, it is too diffi-
cult or occasionally risky to be performed in most cases,
especially for small lesions. Thus, imaging plays an increas-
ingly important role in the diagnosis of IPNs.

X-ray is the most currently used imaging technology
in clinical diagnosis. It's quite frequent to discover pulmo-
nary nodules on chest radiography. However, it has limited
value in the accuracy of detecting pulmonary nodules either
differentiating benign and malignant nodules. In contrast to
CT, a false-positive rate of 32.4% of chest radiography was
reported in a recent study, most of which were confounded
with images formed by vessels, osseous etiologies, and skin
lesions [32].

According to the imaging mechanism, a multidetector
chest computed tomography could detect nodules that may
be as small as 1-2 mm in size, whereas X-ray delineates only
5-10 mm nodules [46]. Moreover, the transverse sections of
CT provide a more excellent view of shadowed areas such as
subpleural or retro-cardiac portions which may be hidden

under CXR [47-50]. Thus, chest CT is justified to be more
excellent than chest X-ray in both sensitivity and specificity
and CT is the reference standard to characterize pulmonary
nodules [51, 52].

Positron emission tomography (PET) can detect the
increased glucose metabolism in tumor cells and offer a
detailed position at the same time [53]. Thus, PET plays an
active role in the detection of distant metastases. However,
most of the pulmonary nodules were found < 1 cm and when
comes to nodules < 1 cm, PET imaging is both insensitive
and nonspecific [54]. For nodules < 1 ¢cm in diameter, CT
screening could be a better choice. Hence, PET scanning
was considered to be unsuitable for detecting IPNs [55,
56]. However, as the technology developing, this view was
changing. Recent research assessed the likelihood of malig-
nancy of IPNs by classifying cancer patients into low-, inter-
mediate- and high-risk groups with PET/CT and abnormal
PET/CT findings were frequently found in low-risk and
intermediate-risk groups [57]. Similarly, in another prospec-
tive study, PET/CT scan showed excellent ability in distin-
guishing between IPNs and malignancy in the follow-up of
CRC patients [58]. However, the limitations of PET/CT, the
inability of simultaneous acquisition and reduced soft tissue
contrast, were still under resolve.

By the way of improving diagnosis with a better outcome,
scientists turned to MRI. Recently, a meta-analysis of twelve
studies including 524 malignant and 284 benign nodules
was performed to identify the value of dynamic contrast-
enhanced MRI in distinguishing benign from malignant
pulmonary nodules with 95% sensitivity, 87% specificity.
Furthermore, dynamic contrast-enhanced MRI showed great
potential in the exclusion of malignant pulmonary nodules
[59]. However, the application of MRI in the thoracic cavity
is limited due to low signal-to-noise ratio (SNR) in inflatable
lung parenchyma and imaging artifacts related to cardiac
and respiratory motion [60]. Hence, the fusion of PET and
MRI came into notice and this new imaging combination has
been just proven to be better than PET/CT or stand-alone
PET system with its distinctive combination of anatomical,
metabolic and, molecular imaging [61].

On the basis of the Fleischner Society Guideline, we
made a diagnostic diagram for IPN (Figure 1). These criteria
were mainly according to the characteristics of CT scan and
patients’ history. Briefly, an IPN is one incidental pulmonary
nodule with the following characteristics in CT scan: round
opacity, at least moderately well-marginated and no greater
than 3 cm in maximum diameter and excluding non-cancer
lung diseases, obvious benign/malignant pulmonary nodules
characteristics.

Clinical management

Although IPNs in colorectal cancer may be benign, it’s
still significant to take the risk of malignancy into consid-
eration while making clinical management. However, there
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Incidentally found pulmonary nodules with
following characteristics in CT scan:
round opacity, at least moderately well marginated
and
no greater than 3 cm in maximum diameter

If this patient has atelectasis,
-adenopathy, pleural disease or
other non-cancer pulmonary
disease radiological findings

Other relevant

Yes examinations

It the incidental pulmonary nodules have following
characteristics:
smaller than 4 mm, calcification, irregular
margin, multiple nodules or other obvious
benign/malingant pulmonary nodules characteristics

Yes Excluded

v

No

IPNs

Figure 1. Diagram of diagnosis for IPN

are still no specific guidelines for the management of IPNs
though the main idea is no further interventions needed for
the management of IPNs with such a low risk for progression
[14, 15, 18, 20]. There are several core issues among a range
of contentions.

Surgery

As many emerging treatments developing, of which the
most influential is a targeted therapy, the surgery is still
playing a decisive role in tumors treatment. In cases of pure
IPNs, those CRC patients detected with IPNs but without
certain metastasis, the management is mainly determined by
the risk of malignancy of incidental lung nodules, which can

be inferred from data such as nodule size, morphology, and
attenuation (i.e., solid or subsolid) [30]. The previous study
[15] showed no statistically significant differences between
patients with and without IPNs with respect to disease-
free and overall survival. In a cohort of 1344 CRC patients
excluding metastasis, Varol et al. [17] observed that only 8
(14%) of 55 patients in whom indeterminate lung lesions
were detected on preoperative CT had progression of lung
disease suggesting metastatic disease. Hence, with such a low
risk of malignancy, it seems unnecessary to perform further
management for IPNs besides routine regimens [4]. Analo-
gously, surgery for IPNs seems to be redundant, although
resection of pulmonary colorectal metastases has been
proven to associate with improved long-term survival, partic-
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ularly in patients with a solitary metastasis that is suitable for
anatomical resection [62]. According to Fleischner Society
guidelines [27], the management of incidental pulmonary
nodules is based on the likelihood of clinically significant
malignancy. The evaluation mainly depends on nodule size,
attenuation, morphology, and location. However, regarding
those IPNs with metastasis, surgery of resectable metastatic
lesions seems to have a positive effect on the improvement
of survival rate. Gomez et al. [15] led a research among 184
colorectal cancer survivors with both liver metastases and
IPN, and found that a liver resection could promote the
survival rate of those who have resectable liver metastases,
which was similar to ELSA study [63].

Follow-up

A preoperative chest CT has been admitted generally in
the initial staging procedure due to its excellent imaging
quality according to the National Comprehensive Cancer
Network (NCCN) [64, 65]. However, the follow-up manage-
ments are still controversial because of non-specific morpho-
logical characterization and radiological performance of
IPNs. Back in 1990, Dinkel et al. [66] proposed that the
interval of 3 to 6 months for chest CT follow-up of uncertain
nodules has been shown to be appropriate when considering
tumor growth dynamics in adenocarcinoma.

Baek et al. [14] took chemotherapy into consideration and
recommended that intensive follow-up chest CT or other
invasive diagnostic modalities should be considered only
in patients with large pulmonary nodules or positive nodal
status. In patients receiving adjuvant FOLFOX 4 chemo-
therapy, thoracic CT scans were performed in high-risk
groups, including CRC patients, after 3, 6, and 12 months of
initial CT scan, if no interval changes were found in the uncer-
tain lesions. For patients who received adjuvant FOLFOX 4
chemotherapy, the follow-up CT scan was required within
6 months of chemotherapy. If there is no interval change in
the high-risk group who receiving FOLFOX 4 chemotherapy;,
monitoring can begin 6 months after the initial CT, and then
3, 6, 12, and 18 months after the second CT.

The Fleischner Society Association recommends a
minimum size of 6 mm for follow-up imaging of incidental
nodules, based on a risk assessment greater than or equal to 1
for malignant tumors greater than this threshold. According
to the Fleischner Society guidelines, we can infer that follow-
up imaging is not required for CRC patients with solitary
solid nodules or multiple solid nodules all less than 6 mm,
but can be considered within 12 months, especially if the
shape or location of the pulmonary nodules can increase the
risk of cancer by up to 5%. Nevertheless, further follow-up
of 18 to 24 months is recommended for CRC patients with
a single entity of 6 to 8 mm nodules, since the risk of malig-
nancy of these larger nodules is estimated to be as high as 2%
based on several screening tests [26, 67].

For those nodules 8 mm or larger, follow-up should
include CT, PET/CT to determine metabolic activity or
tissue sampling. Further examination depends on the patient
and clinician, but an image-based malignancy risk assess-
ment should be considered. Even for follow-up, the choice of
low-dose CT techniques is necessary to protect patients from
the damage of cumulative radiometry [27, 68].

IPN and biomarkers

Although the radiology test improved the detection and
management of pulmonary nodules, its value in the diagnosis
of IPNs is limited. Molecular biomarkers, developed to assist
with the early detection of cancer, have the potential to
improve evaluation and prognosis and clinical decision for
tumor patients. A molecular biomarker could be invasive or
non-invasive/mini-invasive. A non-invasive/mini-invasive
biomarker, collected from blood, tumor tissues, sputum or
other excretion, with both high sensitivity and specificity, is
always catching clinicians’ eyes. Up to date, blood remains
the most potential source for biomarker discovery due to
cellular debris shedding into the bloodstream from the tumor
tissues. There’s a panel of biomarkers widely used for evalu-
ation of lung cancer and CRC. However, proper biomarkers
for the diagnosis of IPNs were rare. One of the early examples
of research into biomarkers for IPNs was performed by
Patz and colleagues [69]. Patz et al. made an assay within
six serum proteins and they found a panel of four serum
proteins: carcinoembryonic antigen (CEA), retinol binding
protein (RBP), 1-antitrypsin (ATT), and squamous cell carci-
noma antigen (SCC) that could distinguish IPN into benign
or malignancy (sensitivity 77.8%; specificity 75.4%). Based
on their previous work, Patz et al. performed extensional
research by combining four biomarkers with the lung nodule
size and developing multiple models for identification [68].
The overall sensitivity and specificity reached 80-88% and
82-89%, respectively.

Recently, another study, performed by Xing et al., was
designed to identify expressions of 13 sputum miRNAs
in two independent parallel cohorts. They found that the
sputum miRNA biomarkers may improve the diagnosis of
indeterminate solitary pulmonary nodules. The sensitivity
and specificity in two cohorts were 82.09%, 88.41% and
80.52%, 86.08%, respectively [70]. Besides, other potential
biomarkers, such as circulating tumor cells (FR+-CTCs),
sputum CA-FISH, plasma biomarker panel, angiogenesis
biomarkers (heparin-binding epidermal growth factor
(HBEGF), epidermal growth factor (EGF), vascular (V)
EGEF-A, VEGF-C, and VEGF-D) and autoantibodies (p53,
CAGE, NYESO-1, GBU4-5, SOX2, MAGE A4, and Hu-D)
have also been reported in previous studies [71-75].
However, the selection of the perfect biomarker from
various others makes clinicians confused. Further studies
could focus on the combination with different types of
biomarkers.
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Histology of IPN

A relevant study discussing the histology of IPN origi-
nating from colorectal cancer vs lung cancer is rare. The
main reason to explain this may be that further interven-
tion has been proven to be unnecessary. Most of the studies
were simply reporting the nature of IPN as either benign
or malignant. However, as we know, almost all colorectal
cancer is adenoma-carcinoma and the classifications of
colorectal cancer are based on molecular phenotypes. Thus,
the histology of IPNs that had been proven to be metastatic
colorectal cancer should be adenoma-carcinoma theoreti-
cally. If an IPN is confirmed to primary lung cancer, then
its histology may conform to lung cancers, mostly to be
adenocarcinoma or squamous cell carcinoma [76]. Although
a relevant study is lacking, there are some radiological
technologies that may use to measure the histopathology of
the pulmonary nodules. One example of using radiological
technology to measure the histopathology of the pulmo-
nary nodule is computer-aided nodule assessment and risk
yield (CANARY), performed by Maldonado and colleagues
[77]. They used CANARY to analyze the characterization of
pulmonary nodules and categorize the pulmonary nodules
into invasive adenocarcinoma (IA), minimally invasive
adenocarcinoma (MIA), and adenocarcinoma in situ (AIS),
which has the potential in detecting the histology of IPN.

Molecular of IPN

Although most of the studies are focusing on biomarkers
or antigens for diagnosis, prognosis or therapeutics of cancer
diseases. Recently, with technology improving, molecular
biology has been investigated and practiced into cancer treat-
ment, especially in immunotherapy and targeted therapy.
Due to the low-risk of IPN and technological difficulty of
biopsy, a direct biopsy of IPN is not preferred. Thus, recent
studies on molecular characteristics of IPN in colorectal
cancer are focus on the circulating biological products.

As one of the basic technologies of molecular biology,
proteomic technology could provide a better understanding
of pathomechanism of human disease in protein level.
Recently, Codreanu et al. performed multidimensional
liquid chromatography-tandem mass spectrometry (LC-MS/
MS) to characterize proteomes of those lung nodules with
uncertain nature [78]. They used immunohistochemistry
to measure the expression of several proteins: ALOX5,
ALOX5AP, ITGAX, SLC2A3, CEACAM6, CRABP2, and
LADI. As a result, they found ALOX5, ALOX5AP, ITGAX,
and SLC2A3 were significantly overexpressed in benign
nodules compared to lung cancer. This interesting result
provided a potential molecular characteristic to distinguish
the nature of lung nodule between benign and malignant.
However, it didn’t discuss the different expression between
primary lung cancer and metastatic lung cancer. Further
studies could focus on this direction.

Improvement / future directions

There are still many gaps remaining in our knowl-
edge about CRC and IPNs. Efforts are needed to focus on
preventing the under-treatment of CRC with IPNs. However,
there are still some methods we could take to improve the
diagnosis and management in the clinical situation.

First of all, after collecting information about the disease,
performing an MDT (multidisciplinary team) meetings
offers an advantage in improving the survival and quality of
life among colorectal cancer cohort. A co-reading of films
by clinicians and imaging experts, especially expert thoracic
radiologist, during the MDT meetings may improve the
accuracy of final diagnosis because an expert thoracic radiol-
ogist could offer sensitive and appropriate counseling, so that
appropriate management and surveillance can be underway.
However, although expert thoracic radiologists are the
authority in radiology, the characterization of pulmonary
nodules on staging CT among CRC differed significantly
between the radiologists. To solve this problem, double-
reviewing of scans with IPNs is propounded to be a solution
[21]. Besides, a better understanding of the biology of the
diseases is critical, particularly to confirm the nature of IPNs
and to reach a consensus on the definition of IPNs. [13, 79].

For future directions, automated computer analysis of
lung nodules is also a topic of ongoing research, with efforts
to establish computerized deep learning using huge data sets
to better predict potentially malignant lung nodules [80, 81].
Artificial intelligence is a hot topic in science and it has great
prospects in the field of medicine [82, 83]. Artificial intelli-
gence (AI) holds real potential for improving both the speed
and accuracy of medical diagnostics. Professor Dong Nie and
his team have designed a new approach: using an Al technique
called Deep Convolutional Adversarial Networks to generate
and continually improve the simulated images. And this new
technology showed great advantages in predicting CT data
from corresponding MRI data and converting 3T MRI to 7T
MRI [84]. Al may help us better diagnose the disease.

In addition, there are many other new devices or methods
show a positive effect in diagnosing IPNs, such as tactile
mechanoreceptor [85], digital tomosynthesis [86]. However,
more researches are required to prove the value in clinical
application.

Conclusion

In conclusion, IPNs are commonly detected in CRCs,
which has been a clinical difficulty for gastroenterologists to
make proper decisions for CRC patients. Despite consider-
able advances in the pathogenesis of colorectal cancer, in the
detection of pulmonary nodules, and in diagnosis and treat-
ment of CRC patients with IPNs, a widely accepted guidance
in the management of CRC patients with IPNs is lacking.
The parallel development of devices and clinical experi-
ence is paramount to achieve a better outcome. Clinical and
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basic studies that are in progress will hopefully provide more
credible evidence for the management of this cancer.
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