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Abstract

The pathophysiology of chronic obstructive pulmonary
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disease (COPD) and Alpha one antitrypsin deficiency
is increasingly recognised as complex such that lung
function alone is insufficient for early detection, clinical
categorisation and dictating management. Quantitative
imaging techniques can detect disease earlier and
more accurately, and provide an objective tool to help
phenotype patients into predominant airways disease or
emphysema. Computed tomography provides detailed
information relating to structural and anatomical changes
seen in COPD, and magnetic resonance imaging/nuclear
imaging gives functional and regional information with
regards to ventilation and perfusion. It is likely imaging
will become part of routine clinical practice, and an
understanding of the implications of the data is essential.
This review discusses technical and clinical aspects of
quantitative imaging in obstructive airways disease.

Key words: Chronic obstructive pulmonary disease;
Alpha one antitrypsin deficiency; Computed tomography;
Densitometry; Phenotype; Spirometry; Magnetic reson-
ance imaging

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Phenotyping emphysematous patients radio-
logically allow physicians to diagnose and deliver tai-
lored and targeted therapies that are not possible with
spirometry. When patients are divided into chronic
bronchitis or emphysema on computed tomography
(CT), they have significantly different clinical features
and spirometry, demonstrating its ability to characterise
phenotypic differences. CT offers accurate mapping
and measurement of emphysema whereas magnetic
resonance imaging (MRI) can provide functional informa-
tion relating to ventilation and perfusion. This unique
feature of MRI can help prognosticate patients in whom
surgery is being considered. CT and MRI have both been
sufficiently validated clinically and pathologically.

Crossley D, Turner A, Subramanian D. Phenotyping emphysema
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INTRODUCTION

The pathophysiology of chronic obstructive pulmonary
disease (COPD) and Alpha one antitrypsin deficiency
(AATD) is increasingly recognised as complex and
lung function alone is insufficient for early detection,
categorising and dictating management. Up to one
third of the lung can be destroyed before respiratory
impairment is detected by spirometry™"!, meaning those
with early disease may remain undiagnosed. Patients
with emphysema and airways disease have significant
clinical and physiological differences™* and therefore
phenotyping radiologically should allow for more indi-
vidualised treatment with outcomes that are more
meaningful to the patient.

The typical clinical phenotype of the patient with
emphysema is that of significant breathlessness, hy-
perinflation and low body mass index. By contrast, the
phenotype associated with predominant airways disease,
i.e., chronic cough and infective exacerbations, has
a different clinical spectrum within the umbrella term
of COPD and requires separate recognition. Severity
of symptoms and exacerbation rates are factors that
directly impact patient’s quality of life, and therefore
diagnosing and tailoring treatment early on will have
the best outcome for symptom resolution and slowing
disease progression.

Quantitative imaging techniques can phenotype
patients into predominant airways disease or emphy-
sema, providing an objective tool to detect disease
earlier and more accurately. This is of increasing signi-
ficance as targeted treatments beyond inhaled therapy
(such as endobronchial valves and alpha one aug-
mentation therapy) become available, which require
careful patient selection. Computed tomography (CT)
provides detailed information relating to structural and
anatomical changes seen in COPD, whereas MRI/nuclear
imaging gives functional and regional information with
regards to ventilation and perfusion. Optical coherence
tomography (OCT) gives microscopic detail of the
airway wall where differences in the contribution of
active inflammation and airway remodelling could be a
useful biomarker and drug target.

This review article discusses these three imaging
modalities, how they can be used to phenotype patients
radiologically into emphysema and airways disease, and
therefore individualise management. The clinical and
pathological validation of each is demonstrated as well as
the methods of quantification. Their individual merits and
how they compare against one another is discussed, and
trials that have used imaging as an outcome measure
for treatments in COPD already are highlighted. It is the
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strengths of these techniques make it likely imaging will
become part of clinical practice, and an understanding
of the implications of the data is therefore essential for
healthcare workers.

CT

Phenotyping using CT

Spirometry measures such as the forced expiratory
volume in 1 second (FEV1) alone are insensitive to early
emphysematous change, and only moderately correlate
to quality of life measures™®.. Therefore using symptoms
and exacerbations alongside FEV1 to categorise COPD
seems logical, which led to adoption of these methods
in the most recent GOLD guidelines™. However this is
not the only conceivable way in which severity could
be described; CT scanning has potential to delineate
additional phenotypes complementing GOLD severity
stage.

Studies have shown measures of airways disease on
CT such as increased wall thickening are distinct from
those of low density and parenchymal destruction seen
in emphysema and therefore can be used to subdivide
COPD patients into phenotypes™®. When patients have
been classified by CT into emphysema or airways pre-
dominant phenotypes, there are significant differences
between the groups for lung function, symptoms and
exacerbation rates. Table 1 lists relevant trials that have
divided patients radiologically and the clinically different
variables between the groups. Han et al'”? demonstrated
differences in the rate of exacerbations between the
emphysema and airway predominant phenotypes,
and that the risks were independent between the two
groups. This adds evidence to the increasing recognition
that the two disease states are separate and the driving
pathology behind them may be different.

Table 2 summarises the current treatment recom-
mendations from BTS and GOLD once patients have
been phenotyped. There is of course overlap between
the groups, with those patients with an emphysematous
predominant phenotype experiencing more frequent
exacerbations, and patients should continue to be
evaluated individually. This overlap is highlighted in the
table.

Disease distribution

Emphysema as a result of smoking/inhalation of noxious
gases most frequently results in the centrilobular
distribution of emphysema which begins in the upper
zones. However, their relative high V/Q ratio means
they contribute significantly less to the overall PFT
result and therefore in usual COPD isolated to purely
the upper zones, the PFTs may seem relatively normal
earlier on. Nakano et a'® showed accordingly that the
correlation between FEV1 and %LAA was weakest in
the upper zones, but as the emphysema often begins in
the upper zones, there is a higher association for DLCO
here and centrally rather than peripherally. Similar
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Table 1 Summary of studies dividing patients as HRCT defined phenotypes and their significant differences clinical and physiological

(P < 0.05)

Ref.

HRCT defined phenotypes

Variables studied

Significant variable difference

Kitaguchi et al'¥, 2006

Fujimoto et al’”, 2006

Pistolesi et al”, 2008

Han et al”, 2011

Subramanian et al®, 2016

Da Silva et al™, 2016

A: Little or none of either
emphysema or BWT
E: Emphysema but no BWT
M: Emphysema and BWT

A: Little or none of either
emphysema or BWT
E: Emphysema but no BWT
M: Emphysema and BWT

From derivation set, created
new validation set Group A
and B

Emphysema predominant or
Airway predominant

Emphysema dominant,
airways disease dominant,
mixed pathology and mild

disease

Emphysema or airways
disease

Gas exchange
Gas transfer
Lung function
Response to beta-agonist
Response to treatment with ICS
Sputum cell differentiation

Exacerbation rates
Gas exchange
Gas transfer
Hospital admissions
Lung function
Response to beta-agonist
Symptoms
CT parameters
Gas exchange
Gas transfer
Lung function

BWT
Exacerbation rates lung function
% emphysema

Blood parameters

CT parameters

Gas exchange
Gas transfer

Lung volumes
Spirometry

Clinical + functional evaluation
HRCT

A: 1 BMI
TDLCO | hyperinflation
1 reversibility
Tresponse to ICS

1 % of sputum eosinophils
E: No response to ICS
M: 1 response to ICS

1 % of sputum eosinophils

M: 1 volume of sputum, exacerbation rate and

admission to hospital

A: | FEV1, 1 TLC | DLCO. 1 pixel index (threshold
-950HU)
B: 1 BMI
purulent sputum
worse bronchial wall thickening
Emphysema Predominant (> 35% -950HU):
| FEV1 and 6MWD
1 SGRQ and MRC grade
For every 5% 1 in emphysema, 1.18 fold T
exacerbation frequency
Airways predominant:
For 1 mm 1 in segmental BWT 1.84 fold 1 in
exacerbation frequency
Compared with airway disease dominant group,
emphysema dominant group had 1 lung volumes,
| gas transfer | pO2 + pCO2
|BMI THb
No difference between age, and smoking history
between the groups
Emphysema group:
1 airflow obstruction
| BMI | 6MWD

A: Airways; E: Emphysema; M: Mixed; BWT: Bronchial wall thickening; 6MWD: 6 minute walk distance; CT: Computed tomography; BWT: Bronchial wall
thickness; DLCO: Transfer factor for carbon monoxide; ICS: Inhaled corticosteroid; FEV1: Forced Expiratory Volume in 1 second; TLC: Total lung capacity;

HU: Hounsfield units; SGRQ: St Georges Respiratory Questionnaire; MRC: Medical reseach council; HRCT: High resolution computed tomography.

findings were demonstrated by Parr et al''’! in AATD
patients that basal distribution is associated with greater
impairment of FEV1 (P = 0.002), but less impairment of
gas exchange (P = 0.016), and Aa gradient (P = 0.007).
Given the lung function variation between different lung
regions the authors warn of using a single physiological
parameter as a measure of severity as it may introduce
bias.

Castaldi et ai™® found that panlobular rather than
centrilobular distribution was associated with stronger
associations with lung function and QoL than CT lung
density, demonstrating that the distribution of disease has
an independent effect on severity. AATD typically occurs
in a panlobular distribution with basal predominance, and
Dawkins et a™® showed that for these patients, basal
distribution carried a higher mortality risk. Finally, in
patients randomised to the medical arm of the National
Emphysema Treatment Trial, the authors demonstrated
that a greater proportion of emphysema in the lower
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lung zone vs upper lung zone was predictive of mortality
(P = 0.005)*”,

Lung volume reduction surgery: Using CT measure-
ments both visually and quantitatively allow for more
careful selection of COPD patients when considering lung
volume reduction surgery (LVRS). Selecting patients
appropriately to either medical or surgical treatments
can reduce the associated mortality. The National
Emphysema Treatment Trial randomised 1218 severe
emphysema patients to either LVRS or medical manage
ment®®!!, They visually scored the CT scans of patients
as being either predominantly upper lobe or lower
lobe, and assessed exercise capacity. They found that
in a carefully selected population of those with upper
lobe emphysema and a low exercise capacity, those
in the surgical treatment arm had a significantly lower
mortality (RR for death 0.47, P = 0.005). However, in
those with predominantly lower lobe emphysema but a
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Table 2 Treatment of chronic obstructive pulmonary disease as defined by computed tomography phenotypes

CT phenotype CT defining features Clinical features Findings Treatments Ref.
Emphysema | Percl5 Health status | BMI? Rehabilitation GOLD 2016"
Emphysema 1 SGRQ + MRC"! Nutritional support
Centrilobular Palliative care
Panlobular Exercise tolerance | 6MWD? Rehabilitation GOLD 2016
Paraseptal | pO:2 | pCO Maintenance of physical
Bullous activity Oxygen
Lung function 1 TLC LAMA/LABA GOLD 2016
| KCO LVRS/BVLS NICE 2010™
| FEV1/FVC Transplant
Bullectomy'"
LVRS™"
Symptoms 1 Hb™ Theophylline GOLD 2016"
No significant response Rehabilitation typically MRC NICE 2010™
to ICS" >3

Airways disease Exacerbation 1 Exacerbations LABA/phosphodiesterase-4 GOLD 2016"

frequency/ hospital admissions"” inhibitor NICE 2010™"
severity LAMA /phosphodiesterase-4 ~ Brown et al™”, 2007
inhibitor Fabbri et al™, 2009

Mucolytics Calverley et al™, 2009
Add inICS Herath et al™, 2013
Prophylactic antibiotics
Lower wall area/body Symptoms Significant response to Physiotherapy and active NICE 2010™!

Surface area ratio (WA /BSA)
Lower luminal area/BSA
Higher %WA

ICS+ breathing techniques
Significantly higher % of Mucolytics
sputum eosinophils Roflumilast
Peribronchial Bronchodilators
thickening™”
Air trapping

6MWD: 6 minute walk distance; CT: Computed tomography; ICS: Inhaled corticosteroid; FEV1/FVC: Forced expiratory volume in 1 second/forced

vital capacity; TLC: Total lung capacity; HU: Hounsfield units; SGRQ: St georges respiratory questionnaire; MRC: Medical reseach council; HRCT: High

resolution computed tomography; Perc15: 15" percentile point; KCO: Gas transfer co-efficient; LVRS: Lung volume reduction surgery; LAMA: Long acting

muscarinic antagonist.

high exercise capacity, those randomised to the surgical
arm did worse (RR for death 2.06, P = 0.02). Therefore,
LVRS confers a survival advantage in carefully selected
patients, but there is associated higher mortality with no
significant increase in functional status in those with non-
upper zone predominant disease. Gierada et al* have
also demonstrated that those upper lobe predominant
emphysema, in a heterogeneous have a two-fold or
more average increase in FEV1 following LVRS.

Predicting post-operative FEV1: CT density masking
to quantify the severity of emphysema is linked to
favourable post-operative outcomes. Sverzellati et a/f*”
applied a density mask to 9 COPD patients awaiting
lobectomy for lung cancer, along with spirometry. With
specific equations, they predicted the post-operative
FEV1 using both values and found quantitative CT was
superior to lung function (r = 0.9). Gierada et a/*"
used various LAA measurements and determined that
a 75% LAA or greater for -900HU threshold, or 25% at
-950HU were associated with improved outcomes post-
operatively including a > 50% improvement in FEV1
and 2 fold increased six minute walk distance.

Finally the ratio of upper to lower lobe emphysema
is of particular importance in assessing predicted post-
operative FEV1 following bilateral LVRS. Consistent with
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the fact that upper lobe predominance is associated with
better outcomes, Flaherty et a/* found that the CT
emphysema ratio (CTR) was the best single predictor of
a successful 12% increase in FEV1 (absolute value 200
mL). Importantly, the highest CTR scores (> 2.5) were
associated with a greater than 90% specificity at each
time point up to 36 mo, although the sensitivity was low.
The positive predictive value of this threshold was at least
75% up to 36 mo after surgery. The negative predictive
value remained moderate at all thresholds throughout 36
mo of follow-up.

Quantification of emphysema

CT densitometry is the method of quantifying the
severity of emphysema using dedicated software.
Figure 1 demonstrates how the CT images are digitally
produced. X-rays are emitted and passed through the
subject and received by detectors that calculate how
much the intensity has been reduced by the tissue.
These attenuation co-efficients are then converted into
a digital image in the form of a matrix consisting of
many small data sets. Each small square in the matrix
is a pixel, and in 3D with volume adjustment is a voxel.
Each pixel is assigned a value in hounsfield units (HU)
from -1000 representing the least possible density/
attenuation, /.e., air and 1000 representing the highest,
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X-ray tube

3

Converts the data
received form the
XR attenuation co-efficients
into digital image

Detector: Move 360°
around the patient,
measuring the degree to
which the XR intensity
reduced by material

Digital image
produced

= Pixel

3D, or adjusted for slice
thickness = volume

Figure 1 The process of computed tomography scanning. X-rays are passed from the source through the subject laid on the table, and received by the detectors
that rotate 360° around the patient. The reduction of the intensity of the XR beam passed through the subject is calculated as an attenuation co-efficient, which from

all the slices is reformatted into a digital image.

Low attenuation area
6%
12%

15" percentile point

N

Frequency

|
950 910

Hounsfield units

Figure 2 Calculation of densitometric indices. Example of a density
histogram, and how the area under the curve at a given threshold is calculated.
In this figure, with a threshold of -910HU, 12% of the pixels are between -910
and -1000HU.

i.e., solids. These pixels or voxels can be plotted on a
histogram as shown in Figure 2. There are two ways
of reading the severity from this histogram. The first is
the value of where the 15" percentile point lies on the
curve (Percl5) and is the most preferred value in trials
quoting density, as it is most accurate and sensitive to
change!’***®, The second method is to calculate the
percentage under the curve that represents the low
attenuation area for a selected threshold, e.g., -910HU
or -950HU. These and other values are used in studies
quoting density, and Table 3 demonstrates trials that
have sought to ascertain the most valid method in both
AATD and COPD.

Validation
Pathological correlations: The ability of density
analysis to accurately assess the degree of emphysema
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Table 3 Table to summarise studies performed in alpha one
antitrypsin deficiency and chronic obstructive pulmonary

disease directly comparing the most accurate measure of
computed tomography density

Condition  Type of 910 950 Perc15 Conclusion Ref.

study of superior

measure

Alpha one RCT  x X 950 Parr et al™”

RCT X X 950 and Parr et al™

Perc15
RCT x  x X Perc15 Parr et al®
Review x  x X Percl5  Hogg et al™

Chronic RCT x  x X Percl5  Shaker et al™
obstructive  Review  x X Percl5  Dirksen et al””
pulmonary ~ RCT X x 950 Chong et al™
disease

Variables tested, type of study and conclusion of the most superior
measure shown. RCT: Randomised controlled trial.

has been validated on pathological studies. Miiller et
al®¥ in 1988 showed a strong correlation between
density mask results and an assigned emphysema
pathology score (1 to 100) in 28 patients who had
undergone lobar resection for a lung tumour (r =
0.83, P < 0.001). In a larger group of patients who
had undergone resection for similar reasons, Gould et
al* also demonstrated a strong correlation between
emphysema measures quantitatively on imaging and
that on resected specimens (r = 0.77)%*%,

Clinical correlations: Numerous studies have shown
significant correlations between CT measures of
emphysema (Perc15 and %LAA 950) and FEV1 and
DLCOP*  as well as measures of exercise tolerance,
e.g., MRC grade and 6 min walk distance (6MWD)"*],
There are also significant correlations with frequency
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Internal perimete

Luminal
diameter

Wall thickness

! Wall area

i (WA) % = contribution of
+ wall area as a % of total

1 airway area

Figure 3 Airways disease measurements. Diagram to demonstrate various
values calculated in assessing either the luminal or wall contribution to airway
thickening.

of exacerbations and ultimately mortality!***¢*I, In

the NELSON trial (Dutch and Belgium Lung Cancer
Screening Trial), Mohamed Hoesein et al***®! have
shown smokers who normal lung function demonstrated
evidence of emphysema on CT concluding that CT is
a more sensitive in detecting emphysema than PFTs.
However, the R? value between CT density and FEV1
even when adjusted for other variables remains 0.3-0.68
indicating that the parenchymal disease detected by CT
density only contributes for 30% to 68% of the total
variation!®**!, Therefore other factors including small
airways disease must additionally contribute to the
altered lung function seen.

Airways disease

Quantification: Luminal area (LA) and the wall area
(WA) (expressed as a percentage (WA = WA/LA +
WA*100)"? can be derived from CT measurements, as
well as bronchial wall thickness (BWT) as the square root
of WA adjusted for the internal perimeter™>* (Figure 3).
Airway measurements are often based on the full width
at half maximum principle®>®. However, this method is
known to overestimate the value of wall thickness and
various algorithms for quantification are modifications
are of this®"*®,

Validation: Nakano et af****! demonstrated on histology
slices that those airways with an internal diameter
of greater than 0.75 cm could accurately predict the
dimensions of small airways with an internal diameter
of 1.27 mm (r = 0.57, P < 0.01) and in particular
measurements from the right S1 segmental bronchus.
Airway wall thickening as measured by CT is related
to obstructive spirometry™ %, and chronic sputum
production is associated with increased likelihood of an
exacerbation leading to a hospital admission™, and
death from a pulmonary infection®. Chronic bronchitis
(cough and sputum production for at least > 3 mo
in 2 consecutive years)"™ has a greater mean %WA
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and internal perimeter, and is associated with higher
exacerbation and mortality rates™>®>,

CT quantification variability: The potential pitfall of
CT analysis is that the various components must all be
equal in order to compare like for like. These factors
include using the same software programme’®”, the
same reconstruction algorithm!®””, appropriately calibra-
ting the scanner’®®®®! and adjusting for volume®?*7%,
If CT density logistics are standardised, then scans
may be compared longitudinally to measure treatment
effect, and combined from different centres. A detailed
review of CT noise reduction by Dirksen et af*”! 2008
recommended using a soft reconstruction algorithm,
with a slice thickness of 3-5 mm, at a low radiation dose
using a phantom. As for volume adjustments, there is
no general consensus as to which method is preferable,
though physiologically adjustment using the patient’s
own volume measurements seems more intuitive.

Trials: CT has been used as an alternative outcome
measure in therapeutic trials for patients with emphy-
sema. When performing power calculations in the
EXACTLE study using CT density as a measure of
response to alpha one augmentation therapy, the
author’s calculated 494 patients would need to be
recruited in each treatment arm for 3 years using FEV1
as the primary outcome measure”?. In the RAPID trial
however, they calculated 180 patients distributed over
the two treatment arms would provide a power of at
least 80% using two sided P value of 0.05"%,

CT has been used to measure response in both usual
COPD and in Alpha 1 anti-trypsin deficiency and the
summary detailing CT measure used, outcomes and the
strengths and weaknesses of each study are presented
in Table 4. Notably, in AATD the recent RAPID trial was
the first RCT to demonstrate a significant improvement
in lung density with alpha one augmentation therapy.
Stockley et al” pooled the data from the two RCTs by
Dirksen et al in 1999 and 2009 (EXACTLE), and with
the increase in statistical power , augmentation therapy
increased the lung density as measured by 2.997 g/L in
comparison to the placebo arm (95%CI: 0.669 to 3.926,
P = 0.006).

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) measures the behavi-
our of protons once a strong magnetic force is applied.
The lungs have therefore been notoriously difficult to
image due to the abundance of air and low proton
density. However, technology has advanced so that MRI
may capture changes in a much shorter time window
and use inhaled gases (oxygen and hyperpolarised
helium/xenon) that alter the proton behaviour in
different ways, so that disease and heterogeneity in the
lung may be detected. The benefits of MRI over CT and
PFTs are the ability to acquire functional information with
regards to ventilation, perfusion and alveolar diffusion,

March 28,2017 | Volume 7 | Issuel |



Crossley D et a/. Radiological technique to phenotype emphysema

Table 4 Summary of interventional drug trials using computed tomography measures as an outcome measure

Ref. Study design Pt N° Duration CT measure Drug Result
Usual COPD
Shaker et al™ RCT 254 2-4 yr Percl5and  Budesonide or placebo Annual fall in Perc15 fin the placebo arm vs
-910HU budesonide (P = 0.09)
Annual increase in -910HU |in the
budesonide arm (P = 0.02)
Hoshino et al” RCT 54 16 wk %WA,LA, Tiotropium, Indacaterol ~ Combination therapy resulted in a |in
or both % WA and wall thickness (P < 0.01)
Nordenmark et al™”! RCT 36 12 wk BWT, air Reversible neutrophil No difference
trapping  elastase inhibitor 60 mg
index and BD
Shimizu et al”™ Inter-ventional trial 23 1wk Airway inner SFC Ct detected the significant change in airway
luminal area inner luminal area r = 0.65, P < 0.001
Alpha 1 Antitrypsin deficiency
Stolk et al™ RCT 262 lyr Perc15 Parlovarotene No benefit on lung density
Mao et al®” RCT-pilot study 20 9 mo -910HU ATRA No benefit
Roth et al™" RCT feasibility 148 9 mo -910HU  Patients received ATRA No definitive clinical benefits
study either LD, HD, 13-cRA
or placebo
Dirksen et al*” RCT 32 3yr Perc15 Alphal-antitrysin CT analysis showed a non-significant trend
towards a favourable effect. CT lung density
twice as sensitive as PFTs
Dirksen et al™ RCT 77 2-25yr Perc15 Prolastin CT densitometry more sensitive measure
(EXACTLE) for the detection of emphysema progression
than PFTs or health status indices
Chapman et al™ RCT 180 2yr Perc15 Alpha 1 proteinase Annual rate of density decline at TLC |in

inhibitor treatment group (P = 0.03)

CT: Computed tomography; WA: Wall area; LA: Luminal area; BWT: Bronchial wall thickening; SFC: Salmeterol/fluticasone; LD: Low dose; HD: High
dose; 13-cRA: 13-cis retinoic acid; ATRA: All trans retinoic acid; RCT: Randomised controlled trial; TLC: Total lung capacity.

and any regional differences. MRI therefore could offer
an attractive solution to evaluating underlying pathology
and targeting treatment.

Phenotyping with MRI

Airways disease: MRI is already used to visualise
airway changes in more detail in cystic fibrosis, e.g.,
inflammation, mucus plugging and bronchiectasis®™. In
this capacity, MRI is superior over CT with its ability to
more accurately differentiate soft tissue, e.g., remodel-
ling/inflammation®®>), The increased airway resistance
seen in small airways disease in asthma has also been
evaluated by MRI. Where bronchoconstriction has
resolved clinically MRI assessment of ventilation demon-
strated focal, fixed obstructive defects that may be
reversible with targeted therapies, e.g., broncho-thermo-
plasty™®, The ability of MRI to accurately measure the
resultant degree of hyperinflation and air trapping has
obvious potential clinical applications in COPD, e.g.,
endobronchial coils/LVRS.

Emphysema: The apparent diffusion co-efficient
(ADC) measured in MRI is a reflection of the amount of
measured molecular movement, with more movement
in emphysema where there are larger air sacs and
destroyed alveolar walls'®, Therefore a high ADC
indicates more severe emphysema and could be used
either diagnostically or for assessment longitudinally. As
there is increased interest in using CT density as a direct
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measure of parenchymal response to augmentation
therapy in AATD, ADC would be another potential option
of measuring alveolar changes.

Vascular remodelling secondary to hypoxic vaso-
constriction is likely part of a more systemic process
associated with COPD. Perfusion studies, i.e., dynamic
contrast enhanced MRI may therefore act as another
useful imaging biomarker to detect and prevent further
disease®, For example, where there is a perfusion
defect with preserved ventilation, then this maybe a
target for bronchial dilators. Similarly where there is
preserved perfusion, up to 20% have emphysematous
regions which therefore may act as a map for targeted
interventional therapies, e.g., Bronchoscopic Lung
Volume Reduction Surgery (BVRS)®, Jobst et a/t*”
showed the association between oxygen enhanced MRI
and contrast enhanced MRI r value is 0.52 therefore
there is a link but there are other factors in play such that
one is not a surrogate for the other. A summary of how
MRI can help phenotype COPD is given in Table 5.

Clinical validation: MRI findings from the various
modalities have been correlated with lung function and
CT density in numerous studies (Table 6), R values for
FEV1 ranging from 0.61-0.72 and 0.45-0.9 for DLCO.

Pathological validation: One of the pathological

hallmarks of emphysema is the destruction of alveolar
walls and dilatation of respiratory bronchioles!™®'%,
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Table 5 Magnetic resonance imaging modalities to phenotype and treat chronic obstructive pulmonary disease

Phenotype MRI modality Findings Suggested treatments
Airways disease Hyperpolarised MRI Detailed anatomical information of airway Nebulised antibiotics
inflammation, oedema and mucus plugging®*” Chest clearance techniques™
Regional information re. lung volumes, e.g., focal Broncho-thermoplasty™”
bronchoconstriction BVRS
Emphysema Hyperpolarised MRI Global high ADC*” Early disease detection
Low PaO:*™? Future alpha one augmentation therapy'
Oxygen enhanced MRI 1|Relative enhancement signal™*! Targets for resection
Early emphysema detection
Dynamic contrast MRI Global microvascular reduction blood flow” Lifestyle moderation

Focal defects, small pulmonary emboli
Increased pulmonary pressure

Anticoagulation
Treat as pulmonary hypertension

Potential treatments based on the phenotypes identified by the technique, but that have not yet been tested are noted by 'in the table. MRI: Magnetic
resonance imaging; BVRS: Bronchoscopic volume reduction surgery; ADC: Apparent diffusion co-efficient; KCO: Transfer co-efficient.

Table 6 Studies correlating magnetic resonance imaging with

other clinical variables

MRI modality FEV1 Gas transfer CT density
(LAA%
950HU)

Hyperpolarised -0.632-0.76%%%%%%_0.45.0.82%%%*1  (.8.0.9"1%!

gas

Oz enhanced -0.74% DLCO: 0911

KCO: 0.66"
DCE-MRI '0.6771"™
UTE-MRI® 0.6 0.721"

'Dynamic contrast measured by the signal intensity perfusion defect (SIpd);
*Ultra-short echo time-MRIL. CT: Computed tomography; DLCO: Transfer
factor for carbon monoxide; FEV1: Forced expiratory volume in 1 second;
UTE-MRI: Ultra-short echo time-MRI; DCE-MRI: Dynamic contrast
enhanced magnetic resonance imaging measured by the signal intensity
perfusion defect (SIpd).

Histologically this may be measured by the surface
area to volume ratio (SA/V) and this was compared
with MRI findings in five patients who had undergone
bilateral lung transplant for end-stage COPD. Using He-
MRI and measuring the ADC, the correlation between
histology and MRI findings was very strong (r =
0.96)M%1, Morino et ai* in an animal model measured
the correlation between dynamic contrast MRI and
alveolar enlargement as defined by the mean linear
intercept (Lm) and this demonstrated a slightly weaker
correlation though still significant (r = -0.77, P < 0.001).

Quantification of emphysema using MRI

Oxygen enhanced MRI: Proton MRI measures the
longitudinal and transverse relaxation times (T1 and T2
respectively) after the strong magnetic force has been
applied®, Oxygen molecules shorten the T1 relaxation
time, and mapping the degree of change can depict the
heterogeneity of ventilation within the lungs™®”. The
mean wash in time maps of oxygen created significantly
correlates to FEV1 and FEV/FVC ratio (-0.74 for both)
demonstrating its strong relationship to current measures
of ventilation®!, The degree of altered signal change as
depicted by the mean relative enhancement signal has
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a stronger correlation with gas transfer (r = 0.83)®*
and therefore as well as acting as a map of ventilation,
oxygen enhanced MRI may also reflect alveolar-capillary
gas transfer 42141, 02 MRI has also been demon-
strated to be able to separate emphysematous patients
from asymptomatic smokerst®Z,

Benefits of offering oxygen enhanced MRI particularly
over other inhaled gases acting as a contrast is that
it may technically be implemented at most centres
without the need for specialist equipment but would
require specialist software™. There is no breath holding
manoeuvres required which is preferable in COPD
patients, the signal artefacts are relatively low as is the
overall cost. However, the scanning time is considerably
longer (30 min vs 5 min) and the repeatability has not
yet been confirmed!®,

Hyperpolarised MRI

ADC: Using spin technology to hyperpolarise inhaled
gases through polarised laser light, the signal enhance-
ment is amplified and then measured™®’, The larger
the range of movement of the gas particles, the higher
the ADC. Therefore in emphysematous alveoli where
there is destruction of attachments, there will be more
movement, and a higher ADC®”), For this reason ADC
can give information about alveolar anatomy unlike
HRCT. ADC correlates with lung function, and is sensitive
at detecting differences between emphysematous and
non-emphysematous patients™*.

Helium MRI of alveolar partial pressure

Pa0:2: Based on the rate of polarised helium decay
in relation to regional oxygen concentration, and the
diffusion across alveolar membranes, the alveolar partial
pressure of PaO2 can be calculated®**”’, This can detect
changes in asymptomatic current smokers, as well as
correlating with lung function, SGRQ and 6MWD?,

Helium ventilation MRI: Following a breath hold,
the thoracic volume can be calculated together with He
ventilated images in order to calculate the percentage
ventilated volume and ventilation defect volume%
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Table 7 Summary of studies comparing magnetic resonance imaging and computed tomography in chronic obstructive pulmonary disease

Ref. Year Pt No. Variables Results
Ley et al™ 2004 13 ADC and EI vs FEV1 ADC vs FEV1, R = 0.7
EIvs FEV1, R = 0.5
MLD vs FEV1, R = 0.4
Ohno et al™ 2008 71 O2 enhanced MRI Mean wash in time vs FEV1, r = -0.74
(mean wash in time and relative Relative Enhancement Ratio vs KCO, r = 0.66
enhancement ratio), CT lung volume vs FEV1, r = 0.61
CT defined lung volumes vs lung CT lung volume vs KCO, r = 0.56
function
Van Beek et al™ 2009 94 ADC and MLD vs FEV1/FVC and DLCO ADC vs Fevl/fvc, r=0.5
MLD vs Fevl/fvc, r = 0.52
ADC vs DLCO, r = 0.59
MLD vs DLCO, r = 0.29
Diaz et al™ 2009 27 ADC and EI vs FEV1 and DLCO ADC vs FEV1, r = 0.67
El vs FEV1, r = 0.55
ADC vs DLCO, r = -0.82
Perc15 vs DLCO, r = 0.6
Quirk et al™ 2011 30 Hyperpolarised He vs CT density in at Lung morphometry vs
risk smokers %LAA 950:
Significant difference seen in those still smoke, not on CT
Xia et al™ 2014 55 +ve rate of Perfusion defects vs CT Early COPD: MRI detected 8/8, vs CT 3/8
changes P =0.003
Mod. COPD: MRI detected 9/9, vs CT 7/9
P=047
Hueper et al™ 2015 144 DCE-MRI vs CT density PMBF vs %LAA 950:

Evidence of non-linearity, P = 0.015

ADC: Apparent diffusion co-efficient; EI: Emphysema index; FEV1: Forced expiratory volume in 1 second; MLD: Mean lung density; MRI: Magnetic

resonance imaging; DLCO: Transfer factor for carbon monoxide; KCO: Transfer co-efficient; COPD: Chronic obstructive pulmonary disease; DCE-MRI:

Dynamic contrast enhanced-magnetic resonance imaging.

(VDV%)®>"1, This was able to discriminate between
healthy smokers and those with COPD in a 2015
trial, but there was no significant correlation with
spirometry™".

The main drawbacks of hyperpolarised helium MRI
are that hyperpolarised helium is in limited supply and
expensive. The technique requires specialist centres
with appropriately trained radiologists™’, and patients
are required to breath hold for around 20 s, which is
very challenging for patients with COPD. However,
hyperpolarised MRI has no radiation dose and gives
high spatial resolution. It provides detailed regional
information about gas exchange and ventilation, and its
repeatability has been established"®®,

Perfusion: Detecting early changes in the vascularity
of patients at risk of developing emphysema could
potentially act as another early biomarker of disease.
Dynamic Contrast Enhanced MRI involves injecting
contrast and measuring the amount of time taken for
the contrast to pass through the pulmonary circulation,
i.e., the longer the time taken, the more flow restriction
there must be. Transit time of blood through the
pulmonary circulation is notoriously rapid, though MRI
with ultra-fast capabilities is able to capture this™'***?,
Not only is this technique feasible it also correlates to
clinical parameters. Hueper et al®® demonstrated this
is possible on a microvascular scale, and demonstrated
evidence of disease in patients with COPD in areas of
lung not emphysematous on CT.
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Trials: Multiple studies have demonstrated that MRI
correlates more strongly with PFTs than CT does (Table 7).
However at this early stage it still remains unclear if MRI
is more sensitive, as the literature is not as advanced.

Nuclear imaging

Nuclear imaging techniques provide useful information
regarding ventilation and perfusion which can be used
for assessing emphysematous lungs and regional con-
tributions. There is no significant scope for information
regarding soft tissue and fine anatomical measure-
ments, and therefore whilst can measure the severity
of emphysema to a certain degree, it is not able to
phenotype in the same way as CT/MRI.

Positron emission tomography

Positron emission tomography (PET) measures gamma
rays emitted from molecules labelled with radioisotopes,
and an image of where the molecules concentrated is
created. Most commonly PET is used in oncology to
look for the extent and spread of malignant disease by
using labelled glucose, and determining metabolically
active sites. There has been increased recognition of the
role of increased neutrophil activity in COPD. 18-FDG
has been used as a surrogate marker of neutrophilic
inflammation in order to ascertain if it could be a
useful biomarker™™l, The authors found uptake was
significantly higher in the upper zones in those with
COPD compared with healthy controls (P = 0.009) and
correlated with lung function. They additionally tried to
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Table 8 Practical considerations for positron emission tomography vs single photon emission computed tomography

Modality Advantages Disadvantages

PET Increased resolution Cyclotron and radiopharmaceutical preparation
Rapid repeat testing not possible'”

SPECT Lower cost Lower spatial and contrast resolution

More widely available. Dynamic SPECT give time course of

ventilation

PET: Positron emission tomography; SPECT: Single photon emission computed tomography.

Table 9 Studies correlating single photon emission computed

tomography with other clinical variables

Modality R value Ref.
DCE-MRI 0.50-0.67 Molinari et al"
FEV1 -0.64 Bajc et al™!
Jogi et al™!
FEV/FVC -0.63, 0.67 Bajc et al™!
Jogi et al™
He-MRI 0.45 Stavngaard et al™!
DLCO 0.57 Sandek et al*

DCE-MRI: Dynamic contrast enhanced magnetic resonance imaging; FEV1:
Forced expiratory volume in 1 second; FEV1/FVC: Forced expiratory
volume in 1 second/forced expiratory volume; He-MRI: Helium-magnetic
resonance imaging; DLCO: Transfer co-efficient of carbon monoxide.

use PET-CT as an outcome measure for augmentation
therapy in patients with AATD but found no significant
difference in readings before and after treatment.

Vidal Melo et al*'®! labelled and injected nitrogen
(13-NN-labelled saline) in 15 patients with COPD.
Nitrogen has very low solubility in blood and therefore
in the lungs diffuses rapidly in to alveolar space!*”. PET
scanning with this method exploits these features of
nitrogen so that areas where there is high concentration
of nitrogen in the lung initially must be well perfused.
Furthermore, once the patient breathes, nitrogen is
washed out and therefore areas with retained nitrogen
are less well ventilated.

Single photon emission CT

Using this method, the labelled radioisotope emits one
rather than two gamma rays during the decay process,
and for this reason has less radiation but subsequently
less resolution. Labelled agents are inhaled (e.g.,
xenon) and injected (e.g., technetium DTPA) and the
contributions of ventilation/perfusion ascertained. The
merits of both tests are summarised in Table 8. The
clinical application of single photon emission CT in COPD
are largely sub-divided into pre-operative assessment
for those considered for lung volume reduction surgery
(including bullectomy), and for the early detection of
emphysema.

SURGICAL ASSESSMENT

Assessing V/Q mismatch can give functional information
about regions of inadequate ventilation not visible on
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CT, and is cheaper and more convenient than MRI.
Suga et al™*® demonstrated its usefulness particularly
in the pre-operative assessment for bullectomy, and
the valuable information gained regarding function of
lung tissue within and surrounding the bullous before
it is resected. A retrospective analysis was performed
on patients who had undergone endobronchial valve
placement (EBVs) and perfusion as measured by
perfusion scintigraphy. They found that those with lower
baseline local perfusion benefitted from EBV placement
independent of the lobe, summarising that assessing
a patients perfusion pre-operatively may be a method
of calculating predicted benefit™?!, Finally, Sudoh et
al"* compared PET/CT to PPO segment counting
in predicting post-operative outcomes but found no
superiority.

EARLY DISEASE

The pathobiological theory that COPD is a systemic
disorder with ongoing inflammation and microvascular
changes is exploited in assessment of V/Q mismatch.
Changes in perfusion may well precede visible changes
on CT and certainly lung function, and has therefore
potential to diagnose and initiate treatment earlier if
required™#*#2,

Validation

A summary of correlations between SPECT and various
other clinical measures is shown in Table 9. There is
moderate-strong correlation with FEV1 but less so with
gas transfer and MRI (0.45-0.67)"**). With regards to
sensitivity and specificity for emphysema diagnosis, MRI
would seem superior to perfusion scintigraphy!**. There
is a very small amount of work regarding pathological
validation and nuclear imaging, but so far these are
animal models only!*?>*%¢,

oCT

OCT works through a bronchoscope and using near
infra-red rays instead of soundwaves (used in ultra-
sound), can give extremely precise image of the airway.
Using two light beams with one shone onto a mirror to
act as a standard measure, the other beam is directed
into the tissue and the pattern and the amount that
is reflected back is interpreted as an image!®®. It can
visualise around 2-3 mm and gives almost a histological
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Table 10 Demonstration of how optical coherence tomo-

graphy could phenotype in chronic obstructive pulmonary
disease

Condition OoCT Findings Suggested treatments
method
Chronic Endoscopic Increased volume of Investigations
bronchitis submucosal glands; directed towards
central airway asthma overlap
inflammation™"”  syndrome; targeted
inhaled steroids
Emphysema Anatomical Can visualise Bronchodilators;
OCT collapsibility smoking cessation
dynamically™

OCT: Optical coherence tomography.

view of the airway wall'*®., Unlike ultrasound which

requires a water medium and direct contact to operate,
the OCT probe doesn’t need to be pressed against
the airway wall. Better than CT or MRI, OCT can give
a clear view of the airway wall components, i.e., the
submucosa, the smooth muscle, and cartilage™". In
asthma and COPD where there is ongoing inflammation
and subsequent airway remodelling, OCT would serve
a purpose to view the causes of airway wall thickening
and intra-luminal narrowing. The technology is already
used in ophthalmology and cardiology, but in respiratory
despite having promising capacity, it is still in its
research phase.

PHENOTYPING

OCT can only image as far as the device carrying
it (usually a bronchoscope) can go. Therefore this
technology is limited to the airways and not the paren-
chyma. However, through creating a pleural window, and
miniaturised devices within a 30 gauge needle, the probe
can be inserted through the chest wall**”. The potential
for phenotyping patients in COPD could be assessing
the amount of active inflammation, airway remodelling/
fibrosis to assess why there are regional problems with
sputum production or bronchiectasis. Those in favour
of OCT have optimistic views that assessing airway
pathology would make way for targeted therapeutic
interventions (Table 10). OCT is in its infancy however,
and more trials are needed.

CLINICAL VALIDATION

There have been two studies that have compared OCT
to FEV1, both from the same group in 2008 and then
2014™, They find the correlation in these two studies
between FEV1 and OCT to be strong (-0.75 and -0.78
respectively) though the 2014 study only found a
significant correlation in the male subjects. The slope of
the line plotted between OCT and FEV vs CT and FEV1
was steeper, and therefore the authors concluded OCT’s
potential superiority over CT for assessing small airways

Baishidenge ~ WIR | www.wjgnet.com

11

disease.

PATHOLOGICAL VALIDATION

Tsuboi took 7 human lungs immediately resected for
lung cancer, and placed the OCT camera down. They
showed that the images of the airway and of the alveolus
taken from OCT matched though seen on histology,
i.e., definition between submucosa, smooth muscle and
cartilage, and then the structure of the alveoli and its
adjacent bronchial wall. In a small number of subjects,
no statistical analyses were performed but the results
are visually convincing>"%,

CONCLUSION

Quantitative imaging techniques provide sensitive,
repeatable and accurate information in COPD patients,
and are likely to be used increasingly for both diagnosis
and measuring the response to treatment. There are
differences in the application of each modality and
common pitfalls to be recognised, and standardising
each of them is necessary before they can become a
bigger player in clinical practice.
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Abstract

Asthma is an allergic disease, characterized as a
recurrent airflow limitation, airway hyperreactivity, and
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chronic inflammation, involving a variety of cells and
cytokines. Reactive oxygen species have been proven
to play an important role in asthma. The pathogenesis
of oxidative stress in asthma involves an imbalance
between oxidant and antioxidant systems that is caused
by environment pollutants or endogenous reactive
oxygen species from inflammation cells. There is growing
evidence that antioxidant treatments that include
vitamins and food supplements have been shown to
ameliorate this oxidative stress while improving the
symptoms and decreasing the severity of asthma. In this
review, we summarize recent studies that are related
to the mechanisms and biomarkers of oxidative stress,
antioxidant treatments in asthma.

Key words: Asthma; Oxidative stress; Reactive oxygen
species; Antioxidants

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Oxidative stress plays an important role in the
pathogenesis of asthma. The imbalance of oxidative
and anti-oxidative system is caused by exogenous and
endogenous reactive oxygen species. Some elevated
substances could be served as oxidative or antioxidative
biomarkers. Different kinds of treatments showed
antioxidative role, including diet, vitamins and food
supplements; natural extracts; magnetic field and laser,
etc. However, no antioxidants were applied in first-
line therapy of asthma now. More works are needed,
especially clinical trial, to clarify the clinical value of
antioxidant therapy.

Zhu LY, Ni ZH, Luo XM, Wang XB. Advance of antioxidants in
asthma treatment. World J Respirol 2017; 7(1): 17-28 Available
from: URL: http://www.wjgnet.com/2218-6255/full/v7/i1/17.
htm DOI: http://dx.doi.org/10.5320/wjr.v7.i11.17

Asthma is a chronic inflammatory lung disease that is
induced by cellular mechanisms that result in airway
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hyper-reactivity and airflow limitation™. Patients with
asthma suffer from a variety of symptoms, including
dyspnea, recurrent coughing, chest tightness, shortness
of breath and sporadic, frequent wheezing'’. Previous
studies have indicated that oxidative stress plays an
important role in the development of asthma'®. Reactive
oxygen species (ROS) present in asthmatic airways
are derived from many sources, including exposure to
environmental peroxidants, infiltration of inflammatory
cells in the airway, metabolic disorders, and decreased
levels of cellular antioxidants. Airway oxidative stress
also has been associated with declining disease status,
poor lung function, and epigenetic changes™.

Antioxidative treatment, such as food supplements®>®
and vitamins, is a potential therapy for asthma, but
has not been denoted as a first-line method because
current results are not consistent with clinical data. In
this review, we have summarized the recent literature
related to oxidative stress characteristics and antioxi-
dants treatments in asthma.

OXIDATIVE STRESS RESPONSE IN
ASTHMA

Sources of ROS and asthma

Exposure to exogenous ROS and asthma: Airway
epithelial cells are in close contact with the external
environment in humans. When asthmatic patients are
exposed to exogenous ROS-such as environmental
tobacco smoke!™, airborne pollution™, home dust
mites” or sulfar mustard!'"’-in the air, which may
trigger symptoms of asthma.

Outdoor air pollution is definitely associated with
the incidence of asthma!?. As primary air pollutants,
exposure to Os or NOz can cause inflammation and
repair, as indicated by secretion of chemokines and
cytokines™', 03 exposure may increase the NK-1R
gene expression and then induce subsequent acute
oxidant stress'**). Inhalation of Clz results in oxida-
tive lung injury by ROS and low-molecular-weight
hyaluronan, which then activates the RhoA and Ca**
channels of airway smooth muscle cells, resulting in
airway hyper-responsiveness (AHR)™®. Particulate
matter (PM), a major component of air pollution,
includes diesel soot, welding fumes, carbon black, coal
or oil fly ash. Diesel exhaust inhalation may increase
airway responsiveness'’), decrease total cysteine
levels, increase cystine and s-glutathionylated cysteine
in bronchoalveolar lavage fluid (BALF)!"®, increase
nitrite and decrease pH in exhaled breath condensate
(EBC)™*, Further studies have demonstrated that an
assay of oxidative potential was more closely associated
with lung function than PM2.5 mass by measuring
dithiothreitol levels®®!. Cigarette smoking is also a high
risk factor for asthma. Passive smoking could impair
histone deacytylase-2 function via PI3K signaling
activation, which reduces histone deacetylase-2 pro-
tein expression'®. Cigarette exposure can induce the
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expression of glutathione peroxidase-1-protein tyrosine
phosphatase-1B-protein phosphatase-2A, which may
induce the destruction of lung tissue'®?.

Indoor pollution cannot be ignored. Dermatopha-
goides species produce Oz by converting the dehydro-
genase form of XOR to the oxidase form™”, which may
be associated with increased levels of DNA repair pro-
teins and apoptosis'®®!. Hexabromocyclododecane and
phthalates are indoor pollutants that may enhance inflam-
matory cytokines expression®*?*!, Urinary 2-phenan-
threne, 1-pyrene and Di- (2-ethylhexyl) phthalate have
been found to be associated with asthma diagnoses™®*”.
Observations in cleaning workers have revealed de-
creases in non-reversible lung function and a total
increase in IgE levels™!, These chemicals and acrolein
induce the production of ROS and malodialdehyde while
decreasing glutathione (GSH) levels®**>%7),

Endogenous ROS and asthma: Endogenous ROS is
associated with enzymes produced by inflammatory
or epithelial cells, which is induced by inflammation
during the immune response to pathogens or allergenic
substances. The main source of intracellular ROS is
from mitochondrial respiration, produced primarily by
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, as well as the xanthine/xanthine oxidase
system. 02" is produced by these enzymes in activated
cells, such as eosinophils or macrophages, and O:" also
can generate ONOO' from either NO or by transfer onto
H20: via superoxide dismutase (SOD). H202 may cause
the generation of the more oxidative OH" by the Fenton
reaction when Fe®* is present’®. Macrophages produce
ROS via other enzymes, such as heme peroxidase,
myeloperoxidase (MPO) or eosinophilic peroxidase
(EPO). Hypochlorous acid and hypobromous acid can be
generated by these enzyme-mediated chain reaction in
the presence of CI" or Br/, which are more oxidative and
toxic™".

The formation of hypohalite and hypobromite results
in increasing NO levels, which is produced by epithe-
lial inducible nitric oxide synthase (iNOS). Reactive
nitrogen species (RNS) then may quickly be formed in
the presence of ROS™”. High levels of protein nitration,
such as bromotyrosine adducts, have been observed
in inflammatory airways and are associated with low
control of asthma'®?,

The role of oxidative stress and defense mechanisms in
asthma

Increases in ROS levels are strongly related to the
severity of asthma in patients®". There are higher
amounts of ROS and RNS in asthmatic patients, which
leads to airway inflammation®*’. ROS/RNS activate
nuclear factor-kB (NF-xB), mitogen-activated protein
kinase (MAPK), activator protein-1, and other transcrip-
tion factors, which result in lung inflammation™>%,
These redox-sensitive transcription factors promote
the expression of many proinflammatory cytokines-
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such as interleukin (IL)-6, IL-8, and tumor necrosis
factor alpha (TNF-a)) - which then induce activation of
inflammatory cells in the airways***!, further leading
to lung tissue damage and destruction™. CysLTr(-/-)
mice had abnormal antioxidant response and increased
susceptibility to oxidative damage!*”. Deficiency in
mannose-binding lectin could notably diminish pulmonary
inflammation after exposure to O3'**,

Nuclear factor erythroid 2-related factor 2 (Nrf2) is
an NF-E2-related factor of exogenous toxins and oxida-
tive stresses that plays an important role in oxidative
stress defense mechanisms™*. As a vital factor in the
antioxidant pathway, Nrf2 activates antioxidant enzymes
that catalyze ROS into non-toxic substances and that
are water soluble, which is conducive to balancing the
oxidative and antioxidative system in the body™*. Nrf2-
deficient mice had elevated levels of oxidative stress,
inflammation, mucus, and AHR, which resulted in a
higher incidence of asthma!®’..

Biomarkers of oxidative stress in asthma: As
mentioned previously, O2" and NO are mainly produced
by NADPH oxidase and iNOS, respectively, while Oz’ is
dismutated to form H20:. These oxidative species are all
found at high levels in the EBC of asthmatic patients'®.
Some parameters that are indirect measurements of
ROS-including carbonys, nitrotyrosine, isoprostanes,
and 8-hydroxydeoxyguanosine-can provide important
information regarding the overall oxidant load. Oxida-
tive stress lipid peroxides are end products formed
during ROS-mediated attacks on cell membranes, and
these include pentane, ethane, isoprostanes, MDA,
and thiobarbituric acid reactive substances (TBARS).
8-isoprostanes are novel biomarkers that can be used
to evaluate oxidative stress, and are significantly
elevated in the sputum, EBC, plasma, and lung tissues
of asthma objects'”’%, However, concentration of
8-isoprostanes in EBC did not increase after bronchial
provocation or were not altered between asthmatic and
healthy patients™"*. Asthmatic patients had increased
levels of MDA in their plasma, EBC, and sputum™**%,
Higher blood levels of TBARS were found in asthmatic
children™. DNA can be attacked by ROS, and 8-oxo-
deoxyguanosine is a biomarker for DNA damage.
NADPH oxidase-4 is overexpressed in asthmatic patients
and the level of 8-oxo-deoxyguanosine was more highly
elevated in patients with neutrophilic asthma than those
with non-neutrophilic asthma'®’. Amino acid oxidation of
the protein backbone occurred by ROS via a MPO/EPO
catalyzed reaction with halide ions or nitrite on tyrosine,
causing nitrotyrosine, bromotyroxine, chlorotyrosine,
and carbonyl modifications. For example, 3-nitrotyrosine
was found to have a negative correlation with per-
centage predicted forced expiratory volume in one
second (FEV1 % pred)™¥, and levels of 3-nitrotyrosine
in maternal blood and cord blood were notably elevated
in allergic asthma'®". Total oxidant status (TOS) was
used as a direct parameters to evaluate whole body
oxidative status, and this was significantly higher in
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asthma patients!®”.

Oxidative stress and airway inflammation in
asthma: Oxidative stress has been implicated in the
pathogenesis of asthma. Endogenous H20: may increase
the activity of matrix metalloproteinase-9, an important
inflammation biomarker. In asthmatic patients, matrix
metalloproteinase-9 activity and 8-isoprostane levels
were significantly increased under acute exacerbation
and were decreased in remission, but were still higher
than in healthy controls relative to the plasma levels
of total matrix metalloproteinase-9™®, TNF-o, levels
were increased in the plasma and lung tissues of both
ovalbumin (OVA)-sensitized guinea pigs and obese
mice’®***, TNF-a. may induce mitochondria to generate
endogenous ROS'®. Th2-cytokine response (like IL-4
or IL-5) was observed to be higher in asthma exacer-
bations, whereas Oz could notably induce IL-6, IL-8
expression!**®, After H202 inhalation, Th17-related pro-
inflammatory markers were upregulated in both liver
and vasculature, and this result suggested that ROS
inhalation may cause systemic inflammation®”..

ROS are related to airway inflammation in asthma.
Cell signals are activated by DNA repair-mediated oxida-
tion, which results in gene expression from epithelial
and submucosal tissues, leading to smooth muscle
contractions of the airway™®. Lim et a*' discovered
that pulmonary eosinophilia, AHR, mucus hyper-
secretion and iNOS were significantly elevated in OVA-
induced asthma mice. This phenomenon could be
suppressed using SRS27, an NF-kB inhibitor. H202 may
reduce epithelial resistance, induce epithelial damage
and decrease epithelial responsiveness and suppress
the anti-inflammation role of corticosteroids”””. Changes
in the ultramicrostructure and reduction of mitochon-
drial respiratory membrane protein complex protein
in airway epithelial cells are associated with the recruit-
ment of inflammatory cells caused by an oxidizing
environment. Allergens may exacerbate eosinophil
infiltration in airway epithelial cells, cause mitochondrial
dysfunction and affect the balance between Th1l and
Th2 cell immune response'’"). Aquarporin-3(-/-) mice
were reduced in airway inflammation after decreasing
chemokine (C-C motif) ligand (CCL)24 and CCL22 levels
via reduced levels of cellular H20:"%.

Biomarkers of antioxidation in asthma: With
respect to TOS, total antioxidant status (TAS) or total
antioxidant capacity (TAC) are used to assess overall
non-enzymatic antioxidant potential. Some studies
have demonstrated that TAS or TAC was notably higher
in asthma than in healthy controls®*®%, although
several studies have reported conflicting results. Fatani
et al® observed that TAC levels were significantly
decreased in emergency asthmatic patients in contrast
to outpatient. In asthmatic children, TAC was found to
be lower in recurrent wheezing children than healthy
children, and the numbers of wheezing episodes in the
last 6 mo were negatively correlated with serum TAC,
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hair Zn, and Se levels . Yoon et al” observed that
serum TAC levels were positively correlated to forced
expiratory volume in 1 second (FEV1) at baseline.
After adjusting for related factors, the results were
not significantly different after a sufficient observation
duration.

Enzymatic antioxidants-such as SODs, catalase,
and GPxs-may reduce ROS and hydroperoxides to less
harmful and water-soluble products. SOD activities were
decreased in asthmatic patients, while CuZnSOD activity
was also found to be significantly lower in asthma patients
when compared to healthy controls®”>7%, Serum level
and activity of GPx was remarkably lower in asthmatic
individuals””’®, Paraoxonase 1 (PON1) is an esterase
enzyme that displays antioxidant characteristics. The
PON1 activity in the asthmatic patients was significantly
lower compared to healthy controls. Interestingly, PON1
presented an area under roc curve of 0.679 for the
identification of uncontrolled asthma'®>"’,

Non-enzymatic antioxidants include glutathione
proteins, sulfhydryls, and vitamin C. There were remark-
ably lower levels of total thiols, protein sulfhydryls,
ascorbic acid and NO in asthma patients”®>**”>””), As a
novel inflammation-associated biomarker, clusterin is
a sensitive cellular biosensor of oxidative stress. Hong
et al® discovered that CCL20 secretion was negatively
associated with clusterin expression in EBC, while
clusterin also reduced intracellular ROS levels. Expression
of clusterin in the sputum of asthmatic children was
higher than in healthy children, and clusterin was more
elevated in eosinophil-dominant sputum than in non-
eosinophilic sputum. Furthermore, clusterin levels were
associated with asthma severity, but these levels were
lower when asthma was exacerbated®*,

Genetic association and oxidative stress in asthma

Gene polymorphisms can be involved in the oxidative
stress response. Glutathione S-transferase (GST) is a
key enzyme that acts in the initial step of binding in
glutathione-catalyzed reactions, which occurs primarily
in the cytosol. GST genes control n-class GST activity.
Further work has revealed that the genotype of Ile105Val
and the allele frequency of Val105 in GSTP1 were higher
than in healthy controls, and these features are linked
to the severity of airway dysfunction and airway hyper-
reactivity®®*®*. The risk of asthma diagnosis is increased
when GSTP1 with an AA genotype is accompanied by
supplementation with low intake of vitamin A, Mice
that were null for GSTT1 had an associated increased
amount of recurrent wheezing and risk of asthma®*”.,
Lower threshold concentrations of allergen could produce
bronchoconstriction in GSTM1 wild-type asthma but
GSTM1 wild-type asthma was not associated with risk of
asthma®®, GSTA1 (C/T) and GSTO2 genes were found
to be related to allergies and risk factors for asthma®”.
The RR genotype of PON1 gene gave a higher risk
of asthma, whereas the TT genotype of the catalase
gene and T allele of resistance-1 gene more frequently
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appeared in asthma patients””*?*",

ANTIOXIDATIVE TREATMENTS IN
ASTHMA

Based on the oxidative stress reaction and defense
mechanism, the following antioxidant therapies may be
effective in asthma.

Diet, vitamins and food supplements

Foods and nutrients could be utilized to protect airways
and lung tissue from oxidative damage through a variety
of mechanisms. Vitamin E, a fat-soluble vitamin, is a
major defense against ROS, which is the primary source
of oxidant-induced membrane damage in the human
body. Vitamin C, a water soluble vitamin, is responsible
for maintaining the antioxidant capacity in the aqueous
phase, while also contributing to the membrane-bound
oxidative regeneration of vitamin E. Similarly, vitamin
A and vitamin A carotenoids-such as a-carotene, p-caro-
tene, B-cryptoxanthin, lutein/zeaxanthin, and lycopene-
have antioxidant properties. Selenium is incorporated
into the antioxidant enzyme GPx, which reduces the
organic peroxide H202, thereby preventing peroxidation
of cell membrane lipids and subsequent instability. Zinc
is present in all cells and is an essential trace element
in thousands of catalytic proteins and transcription fa-
ctors, and this metal can be used as an antioxidant.
All of these vitamins and nutrients can be found in
fruits, vegetables, seeds, seafood, seed oils, nuts and
beef®***, Asthmatic adults with low-antioxidant diets
have lower FEV1 scores, lower percentage predicted
forced vital capacity, higher plasma C-reactive protein
and more frequent exacerbation than those on a high-
antioxidant diet’®”, whereas supplementation notably
improved both symptoms and lung function in exercise-
induced asthma™. Vitamin A, vitamin E, and Se were
found significantly lower in asthma than in controls,
and vitamin E was negatively impacted by FeNO and
MDA. FeNO level was significantly decreased during
a study involving nutraceutical supplements™>%. The
vitamin E isoform y-Tocotrienol increased the level of
Nrf2 by blocking NF-xB, and inhibited oxidative damage
by promoting endogenous antioxidant production in
the lung™®. More important, y-Tocotrienol improved
acetylcholine- or methacholine-induced AHR, while also
reducing lipopolysaccharides (LPS)-induced neutrophil
infiltration®®*®, In contrast, food supplements did not
upregulate glutathione or oxidized glutathione and were
irrelevant to the incidence of asthma™'*”,

Vitamin D is from dietary intake or synthesized in
the skin during exposure to UVB. Severe asthma pati-
ents that were deficient in vitamin D had lower FEV1
values compared to patients with sufficient vitamin D
during exacerbation. The absence of vitamin D3 could
enhance ROS and DNA damage via TNF-o release and
NF-xB expression. Vitamin D3 supplementation was
able to reverse this phenomenon!”’. Treatment with
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vitamin D3 reduced OVA-induced airway inflammation,
immunoglobulin E overexpression, expression of
a-smooth muscle actin, collagen deposition, and goblet
cell hyperplasia, but does enhance activation of the Nrf2/
HO-1 pathway"".

Cockroach extract-immunized mice significantly
increased AHR. Combined supplementation with choline
chloride, vitamin C, and selenium could potentially
reduce AHR, inflammation and oxidative stress by
inducing IL-10 expression via FOXP3(+) signaling™®.
A comparison between organic selenium (Pro-Se)
and inorganic selenium has implicated that Pro-Se
might significantly elevate serum SE levels and restore
endogenous antioxidant enzyme levels. Furthermore,
Pro-Se does not accumulate in liver and kidney and,
thus, has lower toxicity"”. Resolvin-D1 inhibited H20:
and IL-8 both in mRNA and protein level in 16 human
bronchial epithelial cells stimulated by cigarette smoke
extract through degradation and NF-kB activation™®*.

Thiol antioxidants

In antioxidant therapy, thiol antioxidants are popular
supplements to cause glutathione conversion. N-acetyl
cysteine (NAC) is the most commonly used thiol pre-
cursor. Challenge with OVA increases airway inflamma-
tion and vascular inflammation, while treatment with
NAC significantly inhibits ROS and lipid peroxides®.
NAC supplementation reduces baseline airway res-
ponsiveness when irritated by diesel exhaust inhalation
and also reduces use of bronchodilators!”). In mice
BALF, NAC application remarkably decreases inflam-
matory cytokines (IL-13, IL-5), neutrophil and eosinophil
numbers"%,

Natural extracts

Natural extracts contain antioxidant compounds derived
from plants, such as benzoic acid, cinnamic acid, cou-
marin, gallnut tannic acid, and flavonoids. Sakuranetin
is a flavonoid and treatment with sakuranetin can
attenuate AHR, while decreasing 8-isoprostane, Th2 pro-
inflammatory cytokines, IgE, and vascular endothelial
growth factor levels, as well as remodeling airways by
inhibiting NF-xB activation™®”*%®, Astragalin, another
flavonoid, suppresses eosinaphilia infiltration stimulated
by LPS and Hz20: via the Toll-like receptor 4-PKCB-NADPH
signaling pathway™®",

Resveratrol is a polyphenolic compound that is
mainly found in peanuts, grapes (red wine), Polygonum
cuspidatum, mulberry, and other plants and is a strong
natural biological polyphenol. OVA-challenged obese
mice had more eosinophil infiltration in lung tissue
than in lean mice, and resveratrol decreases p47phox
expression and ROS production, increases SOD levels
and reverses elevated TNF-a and iNOS in the lung
tissuest®, Resveratrol treatment in allergic mice de-
creases oxidative stress and significantly restores mito-
chondrial function. In asthma, resveratrol probably down-
regulates the phosphoinositide 3-kinase-protein kinase
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B pathway by upregulating inositol polyphosphate 4
phosphatase™.

Morin, an active ingredient obtained from Moracease
plants, which attenuates the extensive trafficking of
inflammatory cells into BALF in OVA-challenged mice,
inhibiting the inflammation infiltration into lung tissue.
Morin abolished intracellular ROS and MAPK™, Ethyl
acetate fraction from Sonchus asper extract, Boerhavia
procumbens in toluene diisocyanate and Esculentoside
A inhibited oxidative stress pathways, reducing anti-
inflammatory response and improving lung injury™?.
Ethyl acetate fraction and Esculentoside A treatment
significantly upregulated Nrf-2 expression, increased
SOD activity and intracellular glutathione levels™'*.
Oral treatment with Capsicum annuum L. methanolic
extract remarkably decreased the pathophysiological
signs of allergic airway disease, reducing ROS levels of
BALF in mice and inhibiting Th-2 cytokines via attenu-
ated NF-kB activation™"*',

In addition to maintaining the balance between
oxidative and antioxidative systems in lung tissues and
airways, these substances also suppress mucous gland
hypertrophy, goblet cell hyperplasia, collagen deposition
and airway remodeling, including the extracts of
Sinomenine, Morin, Tinospora cordifolia and Gleditsia
sinesis[111,116»118].

LPS is commonly found in the environment, causing
and potentially exacerbating airway inflammation,
which leads to an increase in IgE levels, Th2-cytokines
response, histamine release, and EPO and MPO activa-
tion. Intranasal curcumin could significantly improve
asthma exacerbation induced by LPS'®®. Carissa opaca
fruit extracts can restore the activities of antioxidant
enzymes and GSH, while the amount of TBARS and DNA
fragmentation also decreased!''®’. Such phenomenon
was partly observed when using tomato juice treat-
ment™%,

Antioxidant synthetics

Y-27632, a Rho-kinase inhibitor, is able to control airway
inflammation, airway responsiveness, remodeling and
oxidative stress. Y-27632 treatment in guinea pigs
induced by allergens provoked decreased FeNO levels,
while inflammation, extracellular matrix remodeling, and
oxidative stress in the lung were also attenuated™**?%,

Nitric oxide synthases (NOS), H2S and arginases
are thought to be involved in lung allergy disease.
Treatment with 1400W (an iNOS-specific inhibitor), nor-
HOHA (an arginase inhibitor) or NaHS (a Hz2S donor
sodium hydrosulfide) reduces the expression of arginase
2, 8-isoprostane and NF-«B in distal lung tissue. These
inhibitors also decreased eosinophil infiltration in lung
tissues, subsequently improving tissue resistance and
elastance™***,

Some compounds could act on ROS signaling path-
ways directly and indirectly to cause antioxidant effects.
HYDAMTIQ is a new poly (ADP-ribose) polymerase
inhibitor that prevents airway damage in asthma. Treat-
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ment with HYDAMTIQ reduces MDA, 8-hydroxy-2'-
deoxyguanosine, the amount of eosinophils and other
leucocytes in lung tissue, while also reducing smooth
muscle and globlet cell hyperplasia, whereas the mast
cells of HYDAMTIQ-treated animals have reduced
histamine release in vitro when exposed to OVA™*,
Phosphorylation of histone 3 at serine 10 is related to
oxidant-associated inflammation. P38a. MAPK and IkB
kinase 2 signaling pathway may be affected by ROS,
as the combined usage of p38a. MAPK and IkB kinase 2
inhibitors, reduced histone 3 at serine 10, inflammatory
gene expression in monocytes and lung macrophages
from asthmatic patients™®. Angiotensin-I converting
enzyme 2 (ACE2) is an enzyme that protects against
asthma. An ACE2 activator, diminazene aceturate,
prevents asthmatic lung that is induced by cytokine
expression and elevated levels of ACE2 and IkB. Dimina-
zene aceturate could also decrease carbachol (as an
oxidative parameter), attenuate oxidative stress, reverse
airway remodeling and right ventricular hypertrophy!*.
Diallyl sulfide decreases infiltrated inflammatory cell
counts and Th2 proinflammatory cytokines in BALF
in OVA-induced mice via Nrf2 activation by regulating
microRNA-144, -34a, and -34b/c"*%

Mice treated with S-adenosylmethionine, a potent
methyl donor, had decreased amounts of Th-2 pro-
inflammatory cytokines and 4-hydroxy-2-nonenal in
lung tissues, while airway inflammation and fibrosis is
suppressed by in mice™”). Pituitary adenylate cyclase-
activating polypeptide reverses vanadate-induced
AHR, principally through bronchodilator activity and
counteraction of proinflammatory and prooxidative
effects!*?®,

Metals and new materials
Tiron treated mice could significantly attenuate OVA-
induced oxidative stress, by reducing pulmonary MDA
and increasing GSH and SOD levels. Tiron could also
minimize immunoreactivity of NF-«xB in these mice, and
down regulate levels of NOx, IL-13 and TGF-p1"*.,
Nanoparticles are proved to be antioxidative objects.
Gold nanoparticles treated mice, the levels of pro-
inflammatory cytokines and ROS were inhibited, mucus
production, peribronchiolar fibrosis and AHR induced
by allergens were also attenuated™. Vitamin D(VD)-
loaded nanoemulsions treatment could effectively
decrease MPO activity, oxidative stress, C3 protein level
and other proinflammatory cytokines than common
forms of VD!"*!, A new series of fully biodegradable
Hydroxybenzyl alcohol-incorporated polyoxalate (HPOX)
was noticed to its inhibition role to airway inflammation.
HPOX nanoparticles reduced intracellular oxidative
stress generation and suppression proinflammatory
mediators by clearing hydrogen peroxide!**?. The
microparticles of vanillyl alcohol-containing copolyoxalate
could reduce oxidative stress, suppress the levels of
pro-inflammatory cytokines (like TNF-a) and iNOS in
the lung tissue of OVA challenged asthmatic mice!**?!,
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Non-drug treatment

Living organisms exposed to a static magnetic field
(SMF) may have affects on ROS levels. The ragweed
pollen extract may induce allergic inflammation in
mice after SMF-exposure; the TAC in mouse airways
increased and allergic inflammation decreased; this
reaction was time-dependent. Furthermore, SMF could
stimulate cellular ROS-eliminating mechanisms™*.
Low-level laser therapy (LLLT) has been proven to be
an anti-inflammatory therapy and after treatment with
LLLT exposure the activity of histone deacetylase of
U937 cells could be depressed by activating protein
kinase A via inhibition of PI3K, which is not reversed
by H2021*"1, This result suggests that LLLT could be a
potential antioxidative therapy.

Antioxidant effects of current drugs in asthma

Corticosteroids are widely used to treat asthma via anti-
inflammatory effects and are recommended by the
GINA guidelines™*, and this current asthma therapy has
also been found to be effective in preventing oxidative
stress. After treatment with inhaled corticosteroids,
asthma scores were significantly improved, and Cys-LT
and 8-isoprostane concentration in EBC were notably
decreased in asthmatic children™”". Inhaled corticosteroid
treatment causes significantly lower expression of CYBB
mRNA in the NADPH oxidase system'®!. Montelukast
is a leukotriene receptor antagonist, and plasma total
thiol was lower in asthmatic patients that were not given
montelukast therapy in comparison to montelukast
therapy patients and healthy controlst®®, although other
studies have demonstrated that montelukast therapy
resulted in no significant improvement in TOS, TAS and
DNA damage parameters™, Currently, the mechanism
of montelukast antioxidative stress remains unclear.
Treatment with procaterol, a long-acting B2 agonist,
enhances human bronchial epithelial cell viability,
while decreasing the percentage of apoptotic cells and
reducing MDA and ROS in a dose-dependent manner'**”,

Ambroxol is used to increase mucociliary clearance
and regulate surfactant levels. Clinical studies have
reported that ambroxol decreases the levels of protein
carbonyls (an oxidative biomarker), increases the level
of Thl cytokines - such as IL-10, IFN-y, and IL-12-from
lung mononuclear cells and alveolar macrophages, but
had no effect on Th2 cell cytokines™*. 5-Aminosalicylic
acid significantly inhibits the expression of Th2 cyto-
kines, while also decreasing MDA and MPO levels in
BALF of mice!*?.

Sitagliptin and Cinnarizine also reduce proinflam-
matory cytokine release and inflammatory infiltration,
while also restoring GSH and SOD, thus playing a role
in reducing airway inflammation and remodeling via
antioxidative stress!*****¥,

CONCLUSION

Asthma is one of atopic diseases which including
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allergic rhinitis and atopic dermatitis. Low respiratory
tract is affected in asthma while other atopic diseases
involve other lesions. Airway oxidative stress is a
complex condition with important physiological and
pathophysiological implications in asthma. Imbalance
of the oxidative and antioxidative systems is caused
by exogenous and endogenous ROS. Some elevated
substances can serve as oxidative or antioxidative
biomarkers. Different kinds of treatments have demon-
strated antioxidative roles, including diet, vitamin and
food supplements, natural extracts, magnetic fields and
lasers treatments. However, some of these methods
have been unsuccessful due to unforeseen side effects,
thus no antioxidants have been applied as first-line
therapy in asthma treatment. The choice of antioxidants
must be made in regard to individual and environmental
factors. More research is required, especially large and
well-designed clinical trials, to clarify the clinical value of
antioxidant therapy.
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Abstract

Synchronous tumors are an uncommon finding. We
present a case of metastatic carcinoma of right breast
and a left lung adenocarcinoma in a patient with
previous history of left breast cancer diagnosed twelve
years ago. She was then treated with chemotherapy,
radiotherapy and hormone therapy. Initially, the greatest
diagnostic challenge was which of them had spread or
if both had. Or even if, any of these lesions resulted
from the primary left breast cancer. So, specimens of
different metastatic lesions were crucial to answer this
query and to decide the best therapeutic approach.
Sequencing the treatment options in managing two
synchronous secondary malignancies, where one of
them is metastatic and the other one is potentially
curable, was a demanding clinical decision.

Key words: Breast cancer; Non-small cell lung cancer;
Synchronous tumors

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This case presents a patient with previous
left breast cancer in the past that now has a diagnosis
of right breast cancer. The staging exams revealed
metastatic lesions on bone and left adrenal gland and
a suspicious lesion on the left lung. Histology of those
lesions allowed us to conclude there were a metastatic
breast cancer and a localized lung cancer.

de Macedo JE. Synchronous lung and breast cancer. World J
Respirol 2017; 7(1): 29-34 Available from: URL: http://www.
wjgnet.com/2218-6255/full/v7/i1/29.htm DOI: http://dx.doi.
org/10.5320/wjr.v7.i1.29

INTRODUCTION

Synchronous tumors are defined as distinct tumors
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Figure 1 Invasive mammary carcinoma non-special type (A and B) (hematoxylin and eosin x 40-x 110), axillary lymph nodes metastases from mammary

carcinoma (C and D) (hematoxylin and eosin % 40).

Figure 2 Spiculated nodular lesion with 18 mm localized in the left lower
pulmonary lobe.

arising simultaneously or diagnosed in a range of less
than 6 mo apart'. The incidence of multiple primary
malignancies is 0.73%-11.7%" and it is believed that
the incidence has been increasing due to increased life
expectancy and progressive advances in diagnostic
techniques. It remains in debate the contribution
of genetic, immunological and environmental mech-
anisms™. In this clinical case, there is an increased risk
of second malignancies related to previous breast cancer
history and respective treatments performed.

CASE REPORT

A 43-year-old non-smoker women, asymptomatic,
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with a previous history of cancer on the left breast
diagnosed and treated in 2003. The patient was
treated with left modified radical mastectomy, adjuvant
chemotherapy with 5-fluorouracil 780 mg, epirubicin
117 mg and cyclophosphamide 780 mg, 21-21 d for
six cycles. Adjuvant radiotherapy was performed (50Gy
left chest wall, supraclavicular region at 50 Gy and 45
Gy in internal mammary lymph node chain). Hormone
therapy with tamoxifen and LHRH analog was delivered
for 5 years. After seven years of follow-up, she was
referred to her personal physician.

Asymptomatic until June 2015, when she was re-
ferenced to our Institution for evaluation of two lumps
in her right breast (31 mm nodule in inferior lateral
quadrant and another in the transition of the external
quadrants with 11 mm) detected in her annual mammo-
graphy. A palpable right axillary lymph node, painless
and with a hard consistence was diagnosed on physical
examination.

A fine needle aspiration biopsy was performed of the
larger breast nodule and the palpable lymphadenopathy
revealed an invasive ductal carcinoma of breast, RE
100% PR < 10%, negative HER2, Ki67 60%-75%. The
patient underwent a right modified radical mastectomy
and axillary lymph node dissection in July of 2015.
Histology confirmed a breast carcinoma and showed an
extensive metastasis of ipsilateral axillary lymph nodes
(21 positive lymph nodes in 25), pT2N2aMx (Figure
1). Thoracic and abdominal computed tomography
(CT) scan revealed a 17 mm suspicious lung nodule
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Figure 3 Transtoracic pulmonary biopsy. Invasive adenocarcinoma (A and B) (HE X 40-x 100), Keratin 7 (C) and TTF1 (D) were positives. GATA 3 (E) and
mammaglobin (F) were negatives. ER were negative (not shown). HE: Hematoxylin and eosin; ER: Estrogen receptor.

in the left lower lobe and two lytic lesions in dorso-
lumbar column (Figure 2). The whole spine magnetic
resonance imaging confirmed infiltrative lesions of
secondary nature in D8, D11, L3 and S1. The biopsy
of the lung lesion showed features of moderately
differentiated adenocarcinoma, positive for CK7 and
TTF1 and negative for estrogen receptor, pT1aNOMx
(Figure 3). The positron emission tomography-CT scan
showed uptake in the right infra-clavicle and axillary
lymph nodes, lump in the basal segment of the lower
lobe of the left lung, left adrenal gland and D8, D11, L3
vertebral bodies and left iliac wing.

In the presence of synchronous secondary malignan-
cies of the breast and lung with potential for bone and
adrenal metastases, it was necessary to clarify the
origin of these lesions to guide the best therapeutic
approach. So, the patient underwent bone and adrenal

Baishidenge ~ WIR | www.wjgnet.com
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gland biopsies. Both histology’s confirmed metastasis of
breast cancer (Figure 4). Palliative chemotherapy was
delivered with docetaxel 120 mg and cyclophosphamide
960 mg, every three weeks, for a total of four cycles;
zoledronic acid 4 mg iv, every four weeks and calcium
and vitamin D supplementation. This particular regimen
of chemotherapy now chosen was justified by the
cumulative dose of anthracyclines already performed in
the past.

Not neglecting a 43-year-old fit woman, imaging re-
evaluation after chemotherapy will be performed, to
consider radical treatment of lung adenocarcinoma and
initiate hormone therapy.

DISCUSSION

Despite of breast and lung cancers being the most
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Figure 4 Left adrenal biopsy. Solid-pattern carcinoma (A-C) (HE 40 x-400 x), Keratin 7 (D), GATA 3 (E) were positives. TTF1 was negative (F). ER positive and
negative mammaglobin not shown. HE: Hematoxylin and eosin; ER: Estrogen receptor.

common tumors in females, the diagnosis of syn-
chronous cancer is nevertheless an uncommon finding.
Multiple primary malignancies in a single patient were
first described in 1870 by Billroth!™. The increase
incidence of multiple primary cancers may be due to
long life expectancy, progressive advances in diagnostic
techniques, regular follow-up and genetic predisposition
to cancer®!. It remains in debate the contribution
of genetic, immunological and environmental mech-
anisms!™. In this particular case, previous exposure to
chemotherapy and endocrine therapy may have pro-
tected the patient form tumor relapse and metachronous
breast tumors. On the other hand, a slightly increased
risk of lung cancer after radiotherapy for breast cancer,
on the same side, has been previously reported. The
current criteria for the diagnosis of multiple primary
malignancies, which were established by Warren et
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al® are as follows: First, each of the lesions must be
malignant; secondly, each of the lesions must exhibit
distinctively different pathologies and thirdly, metastases
from the prior malignancies must be excluded. Syn-
chronous carcinomas are defined as those tumors
diagnosed either simultaneously or within an interval of
six months, after the diagnosis of the first one'"’.

A pulmonary left nodule in women with history
of left breast cancer could be a metastatic disease,
primary lung cancer or a benign lesion. In 55% of the
cases, it represents a primary lung cancer and in 37%
a metastatic breast cancer’®!. The major diagnostic
challenge in this case report, is whether which of the
cancers (breast carcinoma or adenocarcinoma of
the lung) had spread, if both or only one. Secondly,
where to: Bone, adrenal gland or both. Nowadays, it
is mandatory to perform biopsies of the different meta-
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stases and immunohistochemistry staining. Specimen
of different metastatic sites is crucial in order to
discriminate the oncogenic pathway of proliferation, and
define the primary origin of those secondary lesions.

Nowadays, intraoperative frozen sections make false-
positive diagnosis that mistakes benign for malignant, but
there are 1.1% to 4.0% of false-negative diagnoses™.
However, in this case report multiple frozen biopsies
could have been performed, if possible, at same surgical
timing in different locations (bone, left adrenal gland and
left lung nodule biopsy). Nevertheless, nowadays liquid
biopsies and circulating free DNA are gaining evidence
with statistical sensitivity and sensibility in a non-invasive
and less expensive procedure, with a more accurate
molecular characterization*”.

The treatment of such cases depends on the indivi-
dual primary location, tumor’s aggressiveness, staging,
genetic profile, co-morbidities, performance status
and toxicities of previous treatments performed. All of
these details should be discussed in a multidisciplinary
team, with the patient’s medical oncologist and most
importantly, with the patient in order to preserve his
quality of life.

This case illustrates the challenge in the diagnosis
and characterization of metastatic lesions, but also,
the difficulty in managing two synchronous secondary
malignancies, where one of them is metastatic and the
other one is potentially curable.

COMMENTS

Case characteristics

A 43-year-old non-smoker women, asymptomatic, with a previous history of
cancer on the left breast, presented with two lumps in her right breast in an
annual mammography, and a painless, with a hard consistence, palpable right
axillary lymph node on her physical examination.

Clinical diagnosis
Two metachronous cancers: A right breast cancers and a left lung nodule.

Differential diagnosis

Diagnostic challenge in this case report, is whether which of the cancers (right
breast carcinoma or adenocarcinoma of the left lung) had spread, if both or only
one, and secondly, where to: Bone, adrenal gland or both. A third option is if
any of the metastases could even be result from dissemination of the left breast
tumor twelve years ago.

Laboratory diagnosis
Perform biopsies of the different metastases and immunohistochemistry staining
is mandatory.

Imaging diagnosis

Thoracic and abdominal computed tomography (CT) scan, spine magnetic
resonance imaging and positron emission tomography-fluorodeoxyglucose CT
scan is essential to evaluate the extent of the disease and its characterization.

Pathological diagnosis
Specimen of different metastatic sites is crucial in order to discriminate the
primary origin of those secondary lesions.
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Treatment

The treatment of such cases depends on the individual primary location, tumor’s
aggressiveness, staging, genetic profile, co-morbidities, performance status and
toxicities of previous treatments performed, namely accumulated dose from the
anthracyclines performed earlier.

Related reports

A pulmonary left nodule in women with history of left breast cancer could be a
metastatic disease, primary lung cancer or a benign lesion. In 55% of the cases,
it represents a primary lung cancer and in 37% a metastatic breast cancer.

Term explanation
Further molecular profiling for selecting the specific target therapy, is of upmost
importance for defining the molecular signature of these tumors.

Experiences and lessons

Tumor characterization by clinical, imagological and histological means is still
vital, but molecular profiling will allow us to treat the patients more efficiently, with
better quality of life and lower toxicity profile.

Peer-review
This case report based on the reality of practice will draw attention from wide-
ranged repirology specialist. It is a very attractive topic.
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