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Abstract
The National Lung Screening Trial (NLST) was a large,
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randomized, controlled study showing a 20% reduction
of lung cancer mortality and 7% reduction of all cause
mortality using annual low dose computed tomography
(LDCT) in a high risk population. NLST excluded people
with a previous history of cancer treatment within the
past 5 years and all people with a history lung cancer.
The aim of this work is to review how lung cancer
screening trials addressed the confounding effect of
previous malignancy. We also review the subsequent
recommendations by the United States Preventative
Task Force Services, multiple professional societies and
the Center for Medicaid and Medicare Services which
defer either to NLST criteria or, clinician judgment or
refrain from asserting any recommendation on the topic,
respectively. Implications of lung cancer screening in
the setting of previous malignancies, specifically lung,
head and neck, esophageal, gastric, breast, colorectal
cancer and lymphoma are also discussed. With lung
cancer screening, an antecedent malignancy introduces
the possibility of discovering metastasis as well as lung
cancer. In some circumstances diagnosis and treatment
of oligometastatic disease may confer a survival bene-
fit. The survival benefit of treating either lung cancer
or oligometastatic disease as result of lung cancer scr-
eening has yet to be determined. Further studies are
needed to determine the role of lung cancer screening in
the setting of previous malignancy.

Key words: Lung cancer screening; Criteria; Previous
malignancy; Antecedent malignancy; Lung metastasis;
Guidelines; Head and neck cancer; Lung cancer; Low
dose computed tomography; Gastric cancer; Breast
cancer; Colorectal cancer; Lymphoma; Esophageal
cancer

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most lung cancer screening trials, including
the National Lung Screening Trial, exclude those with
a history of a previous malignancy as it may introduce
confounding factors that influence survival. However,
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people with previous malignancy may benefit from
the discovery of treatable lung cancer as well as treat-
able metastasis. In this review, we summarize the
consideration that studies and national guidelines give
in regards to lung cancer screening in patients with
previous malignancy. Furthermore, we address the implic-
ations of lung cancer screening in the setting of specific
malignancies, namely lung, head and neck, esophageal,
gastric, breast, colorectal cancer and lymphoma.

Erkmen CP, Kaiser LR, Ehret AL. Lung cancer screening: Should
we be excluding people with previous malignancy? World J
Respirol 2016; 6(1): 1-13 Available from: URL: http://www.
wjgnet.com/2218-6255/full/v6/i1/1.htm DOI: http://dx.doi.
org/10.5320/wjr.v6.il.1

INTRODUCTION

According the National Cancer Institute, lung cancer
is the most common cause of cancer death among
both men and women, accounting for more deaths
than breast, colorectal, prostate and pancreatic cancer
combined. Nearly 75% of lung cancers are diagnosed at
stage I or V™", thus contributing to the dismal average
five-year survival of 17.4% to 18.5%"?. Though early
detection through lung cancer screening should be
expected to confer a survival benefit, several studies
have failed to prove this, even in large randomized
trials'. In 2011, the National Lung Screening Trial
(NLST) compared a low dose computed tomography
(LDCT) scan to chest radiography (CXR) as a modality
of lung cancer screening. LDCT reduced the risk of lung
cancer death by 20% and death from all causes by
7%". This was a multi-institutional, randomized study
of over 53000 patients. The NLST restricted eligibility
to those with greater than 30 pack years of smoking,
active smokers or those who quit smoking within the
past 15 years who were between the ages of 55 to
74. In addition to including those at high risk of lung
cancer, NLST excluded people who were not likely to
benefit from lung cancer screening, namely those who
were unwilling to undergo surgical resection, those with
major health problems that would preclude lung cancer
treatment, and those with obvious symptoms of lung
cancer. The combination of a sufficiently powered study,
inclusion of only those at highest risk of lung cancer
and exclusion of people unlikely to benefit from early
lung cancer detection contributed to the unprecedented
mortality risk reduction of NLST. LDCT, applied to the
United States population could potentially avert 12000
lung cancer deaths per year'..

However, Pinsky et al”? utilized data from Surveil-
lance, Epidemiology and End Results (SEER), the
United States Census and the National Health Interview
Survey to determine that only 6.2% of the United
States population over 40 years old was eligible for
lung cancer screening. Additionally, only 26.7% of
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people with lung cancers would have been eligible for
lung cancer screening by NLST criteria Farjah et a/®
used a risk-prediction model to review resected lung
cancer patients. The authors concluded that NLST lung
cancer screening criteria may exclude people who have
a predicted risk greater than or equal to those who
are currently eligible. Many people excluded by NLST
criteria could benefit from lung cancer screening. This
study prompts scrutiny of the exclusion criteria of lung
cancer screening.

Looking at the design of NLST, is important to
categorize the exclusion criteria into exclusion because
people will not likely benefit from lung cancer screening,
and exclusion that confounds a clinical trial. Patients
presenting with symptoms of lung cancer such as,
weight loss or, hemoptysis, and those who are unwilling
to undergo lung cancer surgery are not likely to benefit
from lung cancer screening'®. However other NLST
exclusion criteria such as “patients participating in
another screening trial or cancer prevention study”
may benefit from lung cancer screening, but were not
included to avoid confounding scenarios. Similarly,
the NLST exclusion of patients with metallic implants
or devices in the chest or back, patients with a chest
computed tomography (CT) within the past 18 mo,
patients with a recent pneumonia or respiratory tract
infection, or patients with removal of any portion of the
lung excluding needle biopsy could all possibly benefit
from the lung cancer mortality risk reduction of LDCT.
More controversially, NLST excluded those on home
oxygen and those with previous malignancy. Though
unclear if these people will benefit from LDCT, they at
least deserve further study.

EXCLUSION OF PATIENTS WITH
PREVIOUS MALIGNANCY

NLST excluded people with a history of lung cancer
and those who were treated for a malignancy within
five years of the initial screen. People with non-mel-
anomatous skin cancer were still eligible for lung cancer
screening. From the perspective of study design,
previous malignancy introduces confounding challenges
to the study of lung cancer screening: (1) A lung nodule
has a 40%-60% chance of being a metastasis from
a previous malignancy. Radiologists may interpret a
nodule differently with the knowledge of a previous
malignancy™®'; (2) The management of a lung nodule
in a patient with a previous cancer history varies from
that in patients without a cancer history. For instance,
a lung nodule in the setting of previous cancer may
prompt a PET scan to look for other metastasis or
recurrence of the primary cancer. The recommendation
for management of the same nodule in a patient
without previous malignancy may be a follow up CT
scan. It is difficult to establish the benefit and harms of
screening when work-up and treatment varies within
the study group; (3) The etiology of a malignant nodule
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cannot always be determined. For instance, a squamous
cell cancer found in the lung may be a lung primary
or a metastasis from a head and neck cancer. Even
immunohistochemistry and genetic analysis may not
be able to distinguish the cancer’s origin; (4) Previous
malignancy introduces wide variability in survival. The
type, stage and disease free interval of a previous
malignancy all influence overall survival. It would be
difficult to interpret if screening for lung cancer with a
LDCT improved survival in these patients; and (5) It
can be challenging to determine the contribution a lung
cancer, another distinct malignancy or the combination
of the two has on mortality.

Previous studies of lung cancer screening had
similar concerns about including patients with previous
malignancy. We have summarized findings of index
trials in lung cancer screening in Table 1. In 1993,
Henschke and colleagues concluded that CT screening
for lung cancer detected disease at an earlier stage
than CXR in their Early Lung Cancer Action Project
(ELCAP)™*?), patients with prior cancer were excluded
from the study. The ongoing International I-ELCAP
study continues to limit enrollment to people with no
previous history of lung cancer'*®. The Dutch-Belgian
Randomized Lung Cancer Screening Trial (NELSON)
was a longitudinal, population-based study of 335441
people proved that lung cancer screening with CT
scanning and a volumetric lung nodule management
algorithm was feasible!*. The NELSON trial excluded
persons with current or past renal cancer, melanoma or
breast cancer were not included, “because these tumors
give rise to lung metastasis even after long follow up.
People with lung cancer within 5 years of diagnosis,
and lung cancer diagnosed greater than 5 years from
randomization, but still undergoing treatment were also
excluded™. The Detection and Screening of Early Lung
Cancer with Novel Imaging Technology (DANTE) Trial
published their results comparing lung cancer mortality
in those undergoing LDCT compared to no screening
in May of 2014"°, Unlike NLST, there was no reduction
in lung cancer or all cause mortality in 2532 patients
randomized to LDCT vs no screening. Similar to NLST
and NELSON, persons with a previous malignancy within
10 years of recruitment were ineligible. The Prostate,
Lung, Colorectal, and Ovarian (PLCO) cancer screening
trial was a population study of over 154000 patients
looking at lung cancer death as a primary outcome!*”.,
There was no reported difference in lung cancer
mortality with CXR as a screening modality''®. This
study excluded patients with prior cancer of the colon,
rectum, lung, prostate, ovary or individuals undergoing
treatment for cancer at the time of the study, excluding
basal-cell and squamous-cell skin cancer.

At the time of this writing, 15 studies of lung cancer
screening are registered as “active” with ClinicalTrials.
gov. Of these 15 studies, 13 have exclusion criteria for
people with a history of previous malignancy, including
lung cancer. These studies have varying exceptions, but
all allowed people with non-melanomatous skin cancer
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to be eligible for lung cancer screening. Only two studies
made no mention of excluding people with previous
malignancy. Only one study aims to look at lung cancer
screening in the setting of previous malignancy, namely
Hodgkin’s lymphoma™®.

RECOMMENDATIONS FOR LUNG
CANCER SCREENING

Though the exclusion of a previous malignancy makes
sense in the setting of a randomized trial, it does not
necessarily translate to the logic of excluding these
patients as a policy. In 2014, the United States Preven-
tative Services Task Force (USPSTF) updated their
recommendations regarding lung cancer screening™”.
The previous recommendation, published in 2004,
found insufficient evidence to recommend LDCT for lung
cancer screening. With compelling evidence from four
randomized controlled studies NLST, DANTE (Detection
and Screening of Early Lung Cancer by Novel Imaging
Technology and Molecular Essays)™**, DLCST (Danish
Lung Cancer Screening Trial)**?, and MILD (Multicentric
Ttalian Lung Detection)'* the USPSTF “concludes with
moderate certainty that annual screening for lung
cancer with LDCT is of moderate net benefit!**",

Interestingly, USPSTF departed from the NSLT in
its recommendations by expanding eligibility. Based on
comparative modeling studies calibrated to both NLST
and PLCO Cancer Screening Trial data, de Koning et
al*¥ found that annual LDCT has a favorable benefit-
harm ratio for individuals aged 55 through 80, not 55
to 74 as defined by NLST. USPSTF does not mention
excluding people with a history of previous malign-
ancy. Even though both NLST and PLCO had exclusion
criteria of lung cancer and restrictions on any previous
malignancy, USPSTF did not recommend including or
excluding people with previous malignancy from lung
cancer screening. This leaves clinicians to interpret the
USPSTF recommendation to screen patients in a fashion
“similar to NLST".

The American Lung Association (ALA) in 2012
published guidance on lung cancer screening addressing
both patients and physicians in 2012%!, Though the
ALA did not specifically address screening people with
previous malignancy, they did acknowledge that lung
cancer screening requires future refinement of the
criteria. In the absence of randomized control data for
all clinical scenarios of criteria, they suggest relying on
risk stratification models. They cite Tammemagi and
colleagues’ use of PLCO participants to develop a lung
cancer risk prediction model®®® which performed better
than the NLST criteria. Unfortunately, risk prediction
models rely on existing data about lung cancer scre-
ening, which excludes those with a history of previous
malignancy.

The American College of Chest Physicians (ACCP)
released their evidence-based clinical practice guide-
lines in 2013%”). Regarding the inclusion and exclusion
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Table 1 Index trials of lung cancer screening

Ref. Participants Exclusion criteria Design Results
Aberle et al” 53454 participants Previous lung cancer Randomized Control Rate of positive screening was 24.2% in LDCT
diagnosis Trial and 6.9% with CXR group
Age 55 to 74
At least 30 pack-year CT scan within previous 18 Participants randomized The majority of positive screening results were

smoking history

Former smokers must have
quit within previous 15 yr

14]

van lersel et al' 15822 participants

Age 50-74

Determined to be high risk
based on answers to heath
questionnaire
Good overall health (able
to climb 2 flights of stairs,
weight less than 140 kg)

Infante et al™® 2472 participants

Males aged 60-74
20 pack-year smoking
history

71221

Saghir et a 4104 participants

Age 50-70
At least 20 pack-year
smoking history

Former smokers who quit
after age 50 and quit less
than 10 yr prior

FEV1 of at least 30%
predicted value
Good overall health (able
to climb 2 flights of stairs,
weight less than 130 kg)
4099 participants
Age 49 or older

Pastorino et al™

At least 20 pack-year
smoking history - current
smoker or had quit within

10 yr

mo

Hemoptysis or unexplained

weight loss of 15 lbs or
more in last year

Current or past diagnosis of

renal cancer, melanoma or
breast cancer
Lung cancer diagnosis
within last 5 yr or current
treatment
CT scan within past year

History of previous
malignancy treated within
10 yr (exceptions: Early
laryngeal cancer and
nonmelanoma skin cancer
with a 5-yr disease-free
interval)

Comorbid conditions with
life expectancy less than 5

yr

Previous cancer diagnosis
and treatment

Comorbid illness that
would shorten life
expectancy to <10 yr

CT scan within previous
year

History of cancer within the
previous 5 yr

to three annual false positives, 96.4% in the LDCT group and

screenings with LDCT 94.5% in the CXR group
(26722) vs single view Lung cancer mortality decreased by 20% (P =
PA CXR (26732) 0.004) and all cause mortality decreased by 6.7%

in LDCT group (P = 0.02)
Randomized Control Ongoing - 10 yr follow up planned

Trial

Participants randomized
to either LDCT screening
(7915) or no screening
(7907)

Randomized Control
Trial

Ongoing. 3 yr results: Lung cancer detected in
4.7% of patients in LDCT group and 2.8% in
controls (P = 0.016)

Randomized to 5 yrof  There was a 1.6% lung cancer mortality in the

annual screening with  LDCT group and 1.7% in the control group (P =

LDCT (1276) or clinical 0.84). No difference in all cause mortality (P = 0.83)
follow up (1196)

Randomized control trial

to this point in the study
There was a higher rate of invasive procedures
performed in the LDCT group compared with
controls (P < 0.0001)
Ongoing. 5 yr results:

Participants randomized Lung cancer was diagnosed in 69 patients in the

to five annual LDCT LDCT group, compared with 24 in the control
screenings (2052) or no group (P < 0.001)
screening (2052)

Stage I - I B lung cancer was diagnosed more
frequently in the LDCT group (P = 0.002),
however there was no difference in frequency of
Stage IIA-IV lung cancer (P = 0.509)
There was no difference in mortality from lung
cancer (P = 0.428) or overall mortality (P = 0.059)
to this point of follow up

Randomized Control
Trial

The cumulative 5-yr lung cancer incidence rate
was 0.0031% in the control group, 0.0046% in the
biennial, and 0.0062% in the annual LDCT group

(P =0.036)
Randomized participants Rates of mortality from lung cancer were 0.0011%
to annual LDCT in the control group, 0.0011% in the biennial
screening (1190), biennial group, and 0.0022% in the annual group (P = 0.21)
LDCT screening (1186), There was also no difference in all cause mortality
or observation alone
(1723)

between the three groups (P = 0.13)

LDCT: Low dose CT; CXR: Chest radiography; CT: Computed tomography.

criteria of the NLST, the authors state, “Expanding
screening to cohorts other than those included in the
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NLST is probably not warranted at this time unless it
is in the context of a research study”. They also look
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to risk prediction models to assist with establishing
screening criteria, however they must account for
competing causes of death. More specifically, for those
with a previous malignancy, further studies are needed
to understand how a previous malignancy impacts
lung cancer death. Though there are no clear recom-
mendations about lung cancer screening in those with
previous malignancy, the ACCP and their collaborative,
multi-society statement with the American Cancer
Society (ACS), the American Society of Clinical Oncology
(ASCO) and the NCCN emphasizes the need to balance
the benefits and harms of lung cancer screening on an
individual basis™®.

The Centers for Medicare and Medicaid Services
released their final national coverage determination for
lung cancer screening with LDCT in February of 20157,
The supporting data cites the Cochrane Database
Systematic Review™® and a systematic review by Prosch
and Schaefer-Prokop®!., Both of these reviews included
studies like NLST, DANTE, DLCST and PLCO which all
excluded people with previous malignancy. However
there is no recommendation on either including or exclu-
ding patients with previous malignancy.

In the 2015 review of current ACS guidelines for
cancer screening in the United States, the authors
advise that clinicians should initiate a discussion about
lung cancer screening in people who meet the criteria
of the NLST. “Clinicians should not discuss LDCT lung
cancer screening with patients who do not meet the
recommended criteria”, including those with previous
malignancy. The ACS allows for judgment of the
clinician to discuss lung cancer screening when the
risk “seems to approximate” NSLT eligibility criteria.
They note that the uncertainty of harms and benefits
outside the NLST criteria are too great to recommend
screening.

In contrast, in the most recent 2015 update of the
National Comprehensive Cancer Network (NCCN) gui-
delines for lung cancer screening?, the panel members
do not exclude patients with previous cancer from lung
cancer screening. In fact, the NCCN guidelines include
a personal cancer history as a significant risk factor for
developing lung cancer. The guidelines highlight that
those who survive lung cancer, lymphomas, cancers of
the head and neck and other smoking-related cancers
such as esophageal cancer. The panel recommends
that with one additional risk factor (category 2A), like
previous malignancy, lung disease, family history of
lung cancer, radon exposure and occupational exposure
to carcinogens, individuals aged 50 or older with a 20
pack-year history of smoking tobacco should undergo
lung cancer screening.

The most comprehensive evaluation of lung cancer
screening in patients with previous malignancy is found
in the American Association for Thoracic Surgery guide-
lines®®®. These guidelines note that people with previous
cancer, lung cancer in particular, are at increased risk of
developing a lung malignancy. Complex environmental
and genetic factors that predispose someone to the
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first malignancy are still relevant for the development
of a second lung cancer. Additionally, treatment with
radiation therapy or alkylating agents for a previous
cancer may also contribute to the risk of developing
lung cancer. The consensus opinion is that a previous
malignancy should not exclude patients from lung
cancer screening. Furthermore, a previous malignancy
is an indication to start lung cancer screening at an
earlier age and in those with less tobacco exposure
than currently recommended by NLST criteria. With
regard to patients who have been successfully treated
for lung cancer, they should receive high resolution CT
scans for 4 years followed by annual LDCT screening
for the rest of their life, or until functional status or
refusal to undergo lung cancer treatment precludes
the potential benefit of lung cancer screening. Jaklitsch
et al®® recommend lung cancer screening in patients
with level 2 evidence (i.e., data from case-controlled or
nonrandomized clinical trials).

In the absence of specific data about lung cancer
screening in the setting of previous malignancy,
risk prediction models can guide recommendations.
Tammemégi et al*® have developed a lung cancer risk
prediction model (www.brocku.ca/lung-cancer-risk-
calculator). This model incorporates multiple variables
including smoking (intensity, duration, quit time),
social circumstances and personal health history*),
Selecting individuals for lung cancer screening based on
accurate lung cancer risk prediction models can increase
sensitivity (83.0% vs 71.1%; P < 0.001) and positive
predictive value (4.0% vs 3.4%; P = 0.01) without loss
of specificity (62.9% and 62.7%; P = 0.54) compared
to NLST or USPSTF criteria®. Accurate modeling can
lead to smaller numbers of individuals being screened,
identification of more lung cancers and an increased
positive predictive value®”. Early data of lung cancer
screening in patients with antecedent malignancy sug-
gests that such screening may contribute to developing
personalized risk prediction models.

LUNG CANCER SCREENING IN
PATIENTS WITH HISTORY OF SPECIFIC
MALIGNANCY

The benefit that lung cancer screening can confer
on a patient with previous malignancy depends on
the antecedent cancer. Benefit may be in the form of
finding lung cancer in a high risk population, or in the
form of finding treatable metastasis. We summarize
the existing knowledge of lung cancer screening in the
setting of previous lung, head and neck, esophageal,
gastric, breast, colorectal cancer and lymphoma (Table
2).

Lung cancer

A history of lung cancer is one of the strongest risk
factors for developing a new lung cancer. In a study
of 1294 patients undergoing resection for early stage
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Table 2 Prior malignancy and lung cancer

Prior Ref. Method Results
malignancy
Lung Lou et al® 1294 participants with early-stage NSCLC Recurrence was diagnosed in 20% of patients and second primary lung
underwent resection and then were followed with cancer was diagnosed 7% of patients. The risk of second primary lung
surveillance CT screening cancer diagnosis did not decrease over time

Of the second primary cancers that were diagnosed, 93% were identified
by scheduled surveillance CT. Of the recurrences that were diagnosed,
61% were identified by surveillance CT. Twenty five percent of patients
required additional invasive testing, but less than 1% experienced
complications from these procedures
Headand ~ Milano et al™ 61883 patients with SCC of the head and neck The risk of developing a primary lung cancer after HNSCC was 5.8%,

Neck were identified via the SEER database. Of those, 11.4%, and 16.4% at 5, 10, and 15 yr
4522 developed a second primary lung cancer. A These rates are higher compared to the general population
retrospective data analysis was performed
Head and Baxietal®™ 35958 three-year survivors of SCC of the head Second primary malignancy was the second leading cause of death
Neck and neck were identified via SEER database. A (second only to primary head and neck squamous cell carcinoma) in this
competing-risks proportional hazards regression population
was used to estimate probabilities of death from Of these, 53% of second primary malignancies were lung cancer
different causes
Head and Pagedar et Data was collected and retrospectively analyzed. The median survival of patients with only primary lung cancer was 38
Neck al™ Survival estimates were generated for patients ~ mo, compared to 22 mo in those with a history of head and neck cancer
with lung cancer with and without a history of with lung cancer as a second primary malignancy. This statistically
head and neck cancer significant difference suggests that survival outcomes after lung cancer
diagnosis are worse in patients who have a history of head and neck
malignancy
Breast Kitada et al*  Data was collected an analyzed on 1226 patients 14 patients underwent surgical resection of the pulmonary lesion.
who underwent surgical resection of breast Primary lung cancer was the diagnoses in 3 of these patients, metastases
cancer, 49 of whom were found to have at lease in 8 cases. Of those diagnosed with second primary lung cancer, the
one pulmonary lesion during or after workup stage was [ A inall
Breast Kerendi et 35 patients with breast cancer and second primary ~ More than half of patients had their lung cancer diagnosed during
al” lung cancer were identified and retrospective workup or follow-up. 54% of these patients were successfully treated
analysis of survival was performed with surgery. There was a statistically significant survival benefit when

the cancer was detected early (stage I A, asymptomatic)
Breast Milano et al® 3529 women with NSCLC diagnosis after breast ~ Patients with a history of breast cancer were diagnosed at significant
treatment were identified in the SEER database. earlier stage, although surgical resection was used more frequently in the

Data on these patients was retrospectively NSCLC only group
analyzed and compared to data on 151628 women History of breast cancer history did not affect overall survival in
diagnosed with NSCLC alone localized NSCLC. Overall survival was significantly greater in patients
with regional and distant NSCLC that had a history of breast cancer
Bladder del Rey et Data from 231 patients with non-muscle invasive =~ Lung cancer was the most common second primary malignancy in this
al™ bladder cancer were retrospectively analyzed  population. The risk of lung cancer in patients with non-muscle invasive
bladder cancer is 10 fold higher than the regional general population
Lymphoma  Das et al” Authors used a decision-analytic model to In this simulated model, annual CT screening increased survival by 0.64

estimate potential benefits of annual low-dose CT yr for smokers and 0.16 yr for non-smokers. The difference in quality of
screening vs no screening in a hypothetical cohort life and cost effectiveness was also more pronounced in smokers
of patients (early stage lymphoma diagnosed at
age 25, lung cancer screening starting at age 30).
Model parameters were generated from SEER
Lymphoma Milano et al”” Survival data of 187 patient with history of ~ Hodgkins lymphoma survivors had significantly inferior overall survival
Hodgkins lymphoma diagnosed with NSCLC was across all lung cancer stages (estimated to be between 30% to 60%
compated to data from 178431 patients diagnosed decrease in overall survival)
with NSCLC only Patients with younger age at lymphoma diagnosis, younger age at
lung cancer diagnoses, and those with longer latency between cancer
diagnoses were more likely to be diagnosed with late stage disease
Colorectal ~ Hattori et al™ A retrospective analysis of lung cancer patients There is no statistically significant difference in overall survival
with (123) or without (4431) a previous history of ~ comparing patients with lung cancer vs lung cancer with a history of
colorectal cancer treated with surgical resection  surgery for colorectal cancer. Prior history of colorectal cancer was not a
poor prognostic indicator on multivariate analysis
Of those patients who had been diagnosed with both lung and colorectal
cancer, those who are older and those who underwent treatment with
adjuvant chemotherapy had poorer outcomes

CT: Computed tomography; NSCLC: Non-small-cell lung cancer; SEER: Surveillance, epidemiology and end results; SCC: Squamous cell cancer; HNSCC:
Head and neck squamous cell cancer.

lung cancer, 7% presented with a second primary People with lung cancer have a 3%-6% risk per year
lung cancer within a median follow up of 35 mo'*®. of developing a second lung cancer, a risk that actually
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increases with time®***%, This increased risk of a
second lung cancer persists to even 10 years after the
initial diagnosis™®!l. By comparison, in the NLST high-
risk population, the incidence of lung cancers was less
than 1% per patient year'™, Screening lung cancer
patients should be at least as successful in discovering
a new lung cancer as screening those who fit the NLST
criteria. Second primary lung cancers found during
surveillance are diagnosed in stage I (92%) or stage
I (4%), suggesting a survival benefit"*". However, the
survival benefit of long term, annual LDCT to screen
for second primary lung cancers is unknown. Special
consideration should be given to the possibility of false
positives (25%) and unnecessary invasive procedures
(3%) and complications from unnecessary invasive
procedures (0.3%) from nodules found in the setting of
CT scanning after lung cancer treatment™".

Surveillance following the treatment of lung cancer
consists of a history and physical and chest CT every
6 to 12 mo for two years, then a history and physical
with a LDCT annually, according to NCCN guidelines®"’.
Locoregional recurrence occurs in 10%-30% of pati-
ents™*, and metastatic spread occurs in 15%-39% of
patients™?. A majority of these occur within the first 2
years of diagnosis'*®!. For the first 4 years after surgery,
the risk of recurrence is 6% to 10% per patient year
but decreases thereafter to 2%"". In a review of 9
studies looking at lung cancer recurrence following
surgical resection™*, Mollberg et af** found that only
0.9% to 4.4% of patients with lung cancer recurrence
were candidates for repeated resection. A more recent
study by Crabtree et a/**! showed that 40%-41% of
subsequent malignancies were treated with curative
intent. Data on five-year survival following recurrence
varies widely from 8.3% to 40.0% with improved
survival in those receiving curative treatment!®?®,
Though it would seem that early detection of recurrent
lung cancer would improve survival, several studies
comparing intense surveillance for lung cancer with
clinic visits and CT scans failed to demonstrate a
survival benefit®®*!, A randomized trial in France com-
paring lung cancer surveillance with CXR vs CT and
bronchoscopy is underway. Hopefully these results
will clarify which surveillance techniques improve
survival™”). Regardless of whether a CT following lung
cancer treatment is for surveillance for recurrence or
early diagnosis of a new lung cancer, the impact on
survival is still unclear. Advances in targeted therapy,
novel chemotherapeutic regimens and palliative care
give promise toward improved survival, even with a
diagnosis of metastatic disease.

Perhaps the greatest value of surveillance and
screening in lung cancer survivors is ensuring that
patients are smoke free. Parsons et a/*® found that
continued smoking following treatment for lung cancer
was associated with a significant increased risk of
recurrence and an almost threefold increase risk of all
cause mortality. Even recent quitters enjoy a significant
improvement in disease free and overall survival
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compared to those who continue to smoke™®’. Smoking
cessation confers a benefit for lung cancer patients at
any time.

Head and neck cancer

Head and neck cancer and lung cancer share the risk
factors of smoking and age. Up to 15%-20% of head
and neck cancer patients develop a second primary
malignancy™”. Lung cancer accounts for 50% of these
second primary malignancies and 50% of second
primary malignancy-related deaths in patients with head
and neck cancer™, With proactive follow up with a CT
scan, oro-nasopharyngeal and esophageal endoscopy,
Wolf et ai*® found a second primary malignancy in 18%
of head and neck squamous cell cancer patients. Almost
half of the second primary malignancies turned out to
be primary lung cancer. Of the patients found to have
a second primary malignancy, 86% were diagnosed at
an early stage and were able to undergo therapy with
curative intent. Though this study demonstrated that a
lung cancer can be found and treated in patients with
head and neck cancer, they did not study the influence
of lung cancer treatment on survival.

To date, there are no controlled trials of head and
neck cancer patients comparing survival with and
without LDCT screening for lung cancer. In the absence
of controlled trials, a recent survey of Canadian Head
and Neck Surgeons showed that a majority of surgeons
believe lung screening can improve patient mortality,
and 31% currently screen high-risk patients for lung
cancer with a LDCT™, However, Pagedar et a/** found
that the median survival of patients with lung cancer
was 38 mo compared to 22 mo in patients with an
antecedent history of head and neck cancer. These
authors suggest that screening patients with a history
of head and neck cancer with LDCT may not have the
same survival benefit as those without this cancer
history.

Additional questions arise when screening head and
neck cancer patients for lung cancer. For instance, it is
not always possible to determine if a pulmonary nodule
is a primary lung cancer or a metastasis. Previously,
Geurts et al® found that there is no difference in
overall survival between patients who had surgical
resection of a metastasis vs a lung cancer™. This
would argue for screening in the setting of head and
neck cancer. However a directed study looking at
survival in the setting of screening has yet to be done.
As second question is when to start screening head
and neck cancer patients, at the time of diagnosis or
some interval following successful treatment? Patients
presenting with synchronous second primary lung
cancer are more likely to have treatable, early-stage
disease, as compared to patients with metachronous
malignancy™®. Five-year survival is higher in patients
with synchronous head and neck and lung cancer
compared to metachronous malignancies®™!. The
improved 5-year survival is likely due to increased
detection of early stage disease and earlier intervention.
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It is possible that lung cancer screening may aid in
detecting metachronous malignancy at an earlier stage
and thus may improve survival, but this is yet to be
demonstrated in the literature. These questions and
controversies will hopefully lead to controlled trials
looking at lung cancer screening in the setting of head
and neck cancer. Clinicians must evaluate the value of
lung cancer screening in head and neck cancer survivors
on an individual basis, taking into consideration the
patient’s expected survival, risk of lung cancer, and
potential benefit of treatment for either lung primary or
metastasis. As with all cancer patients with a smoking
history, a discussion of lung cancer screening should
also include a discussion about smoking cessation.

Esophageal cancer and gastric cancer

Patients with esophageal cancer, gastric cancer and
lung cancer share smoking as a common risk factor.
In a study of 116 consecutive cases of esophageal
cancer, 19% had a solitary pulmonary nodule®. Of
these, 68% were benign nodules, 18% were new
primary lung cancers and none were metastatic esop-
hageal cancer. In patients with gastric cancer, 9.2%
had secondary primary malignancies, of which lung
was the most common (18.4%)". In this same study,
logistic regression analysis failed to show a significant
association between age, gender, smoking, alcohol
and Helicobacter pylori infection and the development
of a second primary malignancy. The authors propose
that clinicians consider the possibility for secondary
primary malignancies during diagnosis and surveillance.
However, there are no studies addressing the value
of lung cancer screening. Furthermore, there are no
evidence-based guidelines on who to screen and when
to screen for lung cancer in those with previous eso-
phageal and gastric cancer. Clinicians have to judge
on an individual basis if the risk of lung cancer is great
enough to screen, and if treatment of a discovered lung
cancer will favorably impact survival. In sharing this
decision with active smokers, clinicians must emphasize
that risk reduction achieved by smoking cessation
will likely surpass any risk reduction from lung cancer
screening.

Breast cancer

Breast cancer is the most commonly diagnosed mali-
gnancy in females. Current recommendations in breast
cancer surveillance recommend frequent physical
exams and post-treatment yearly mammograms.
Given the rarity of lung metastasis, the ASCO guidelines
do not recommend routine CT screening for metastatic
disease of the lung™”. Even during initial breast cancer
workup, routine use of CT staging is thought to have
limited value, low sensitivity, and considerable rate of
false positives, and thus is recommended only in the
setting of symptoms concerning for distal metastases®®?.
However, excluding women with a history of breast
cancer from LDCT lung cancer screening eliminates a
large number of women who may otherwise benefit
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from early detection of malignancy. Almost 4% of breast
cancer patients have pulmonary lesions during workup
or identified during follow up™. In addition, while
radiation therapy is an effective treatment for breast
malignancy, it leads to a well-documented increase in
risk for second primary malignancy of the lung'®*®.
This risk of treatment related lung cancer is significantly
higher in patients with a smoking history™®.

Earlier diagnosis of lung cancer in a patient with a
history of breast cancer carries an improved prognosis.
Kerendi et al'®” reviewed the records of 35 patients
with known breast cancer found to have a second
primary malignancy of the lung. Of these patients 54%
were asymptomatic at the time of diagnoses, and the
malignancy was found during workup or routine follow
up. Pre-operative biopsy yielded a diagnosis in 82% of
cases and 54% of these lung cancers were successfully
treated with surgery. They documented an improved
prognosis if the lung cancer was diagnosed when the
patient was asymptomatic and if the patient was a non-
smoker. In addition, it has been demonstrated that
treatment of non-small cell lung cancer in the setting
of a history of breast cancer paradoxically may convey
an improved prognosis compared to patients diagnosed
with non-small cell lung cancer alone. Data gathered
from the SEER-18 registry indicated that non-small
cell lung cancer was diagnosed at an earlier stage in
patients with a breast cancer history, and these patients
were more likely to undergo surgical resection'®. Breast
cancer history did not affect overall survival in local
disease, but portended an improved overall survival
in regional or distant lung cancer. Thus, it appears as
though this patient population would certainly be ideal
for inclusion in a LDCT lung cancer screening program.

While CT screening may identify a solitary pulmonary
nodule, it is notoriously difficult to distinguish between
primary lung malignancy and breast metastasis radio-
logically. Evidence suggests that over 50% of solitary
pulmonary nodules detected in the setting of treated
breast malignancy are primary lung cancer’®. Kinoshita
et al’® reviewed records of 64 breast cancer patients
who had undergone surgical resection of a pulmonary
nodule. Of these, 37 patients (58%) were found to
have a primary lung cancer. Retrospectively reviewing
pre-operative CT scans after surgical diagnosis sugg-
ested that primary lung malignancy was significantly
associated with the following radiologic findings: Air
bronchograms, increased size, and ill defined nodule
border. However, these can still be non-specific findings
and radiologic diagnosis continues to be a challenge.

This begs the question, does survival differ between
patients with a solitary pulmonary nodule found to
be lung cancer vs breast metastasis? Tanaka et a/*”
studied 30 patients who underwent surgical resection
for a solitary pulmonary nodule after curative surgery
for breast cancer. They found that 93% of pulmonary
nodules were malignant, 67% of these being primary
lung cancer. Five-year survival after surgical resection
was 100% in cases of breast metastasis and 61%
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in cases of primary lung cancer’®. In another study,
84% of patients found to have a solitary breast cancer
metastasis to the lung were able to undergo complete
metastatic resection””. Thus, in the setting of a history
of breast cancer a Solitary pulmonary nodule is almost
uniformly malignant. Again, given high 5-year survival
rates regardless of pathologic diagnosis, LDCT screening
is likely to be beneficial in breast cancer survivors who
meet all other NLST criteria.

Bladder cancer

Lung cancer also shares an association with bladder
cancer. A recent study examined 231 patients with non-
muscle-invasive bladder cancer and found that 4% of
these patients were found to have a second primary
lung malignancy during follow up, a rate 10-fold higher
than the local population'”?, Of those found to have a
lung malignancy, 9 were found at late stage and only
1 was found at an early stage. In the 5 years following
diagnosis, all patients with late stage lung cancer died;
however the patient with early stage lung cancer was
still alive after undergoing chemotherapy. In those
patients with both primary lung and primary bladder
cancer, the cause of death was uniformly attributed to
lung cancer. Thus, the authors suggest early detection
of a primary lung malignancy in a patient with history of
non-invasive bladder cancer may contribute to improved
survival. People with a history of bladder cancer who
otherwise meet all other NLST criteria are likely to
benefit from a discussion of lung cancer screening and
smoking cessation, if applicable.

Lymphoma

Hodgkin’s lymphoma is associated with a significan-
tly increased risk of treatment related lung cancer.
According to American College of Radiology (ACR)
recommendations within the first 5 years of follow up,
the imaging goal is to detect lymphoma recurrence.
After this time the focus shifts towards detecting compli-
cations of treatment. The current ACR recommendations
state that after 5 years there is no longer a need for
follow up imaging, although mammography and LDCT
can be considered despite a lack of evidence of their
benefit”?. The incidence of lung cancer in patients
with a history of Hodgkin’s lymphoma is over 1% by
15 year follow up, with a relative risk of 4.62 (95%CI:
3.18-6.70)%. The risk is greater in patients diagnosed
and treated for Hodgkin's lymphoma at an earlier age,
especially 15-24.

Das et al”® performed a cost-effectiveness esti-
mate of annual lung cancer screening in patients with
Hodgkin’s lymphoma. Hypothetical patients for the
model analysis were diagnosed with stage I A-1IB
Hodgkin’s lymphoma at age 25, with screening starting
5 years after initial diagnosis. Annual CT screening was
predicted to increase survival by 0.64 years for smokers
and 0.16 years for non-smokers, with improvement
in quality of life and cost effectiveness greater in the
population of smokers with lymphoma. Wattson et a/””®
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reported similar cost and survival benefits in smokers
compared to non-smokers with Hodgkin’s lymphoma.
While non-smokers were predicted to experience a
slightly improved survival and quality of life, LDCT
scanning does not appear to be cost effective in this
population.

In clinical practice it is unclear if this survival benefit
of lung cancer screening is observed. Milano et a/t’”’
examined overall survival in patients with Hodgkin’s
lymphoma diagnosed with NSCLC compared to con-
trols diagnosed with only NSCLC. Lung cancer stage
at diagnosis did not differ significantly between the
groups. Despite this, Hodgkin’s lymphoma survivors
had a 30%-60% decrease in overall survival. This
suggests that annual LDCT lung cancer screening may
aid in identifying a second lung malignancy in this high-
risk population, especially in current or heavy smokers.
However, lung cancer screening may not provide as
robust of a survival benefit in patients with a history
of Hodgkin’s lymphoma compared to the general
population. There is currently a trial looking at lung
cancer screening in people with a history of Hodgkin's
lymphoma, which is expected to conclude by 201572
Hopefully these results will define the benefit of lung
cancer screening in this population.

Colorectal cancer

Low-dose CT may have a role in both colon cancer sur-
veillance and screening for lung cancer. There have been
many studies of postoperative surveillance programs
following surgical resection of colon cancer. Aside from
screening colonoscopy and CEA testing, there is little
consensus opinion on the use of additional modalities
that may detect colorectal cancer recurrence”. The
purpose of these surveillance programs is to detect
asymptomatic recurrences so intervention may occur at
an earlier stage. A meta-analysis of 11 studies looking
at intensity of surveillance determined that overall
survival was significantly improved in patients who
underwent more intense follow up (more frequent,
additional imaging modalities). CT scanning of the
pelvis and frequently the chest, lead to improved
overall survival®, Thus, while not currently part of
the surveillance guidelines, patients with a history
of colorectal cancer would likely benefit from more
frequent imaging of the chest.

Additionally, patients with colorectal cancer are
more likely to be diagnosed with a primary lung
cancer then the general population®'. There is no
difference between lung cancer incidence in patients
with a history of colon or a history of rectal cancer™”, A
recent multicenter study in Japan examined whether a
history of surgically resected colorectal cancer affected
prognosis in patients diagnosed with lung cancer®.
They compared 123 lung cancer patients with a history
of colorectal cancer to 4431 controls with lung cancer
alone. Patients with a history of colorectal cancer were
more likely to be diagnosed at stage I A, however there
was no difference between the groups in overall survival
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or lung cancer mortality. This relationship did not vary
with colorectal cancer stage. Thus, a previous history
of surgically resectable colon cancer does not portend
an improved nor diminished overall survival in patients
diagnosed with a primary lung malignancy. These
patients may still benefit from LDCT screening similar
to the general population, so long as they fulfill all other
accepted criteria for lung cancer screening. As with
the majority of the previous malignancies discussed,
there is a great need for prospective studies to examine
clinical disease features, treatment response, and
overall survival in these patients after lung cancer is
detected by screening exam.

CONCLUSION

NLST demonstrated a reduction of lung cancer mortality
and all cause mortality with annual screening LDCT. With
regard to lung cancer screening in people with previous
cancer, there is no data, as most lung cancer screening
trials have excluded this population. Implementation
of LDCT in the general population has proven complic-
ated as USPSTF, professional societies and CMS have
published slightly different recommendations on this
and other criteria. The potential benefit of diagnosing
early stage lung cancer or treatable metastatic disease
is at least compelling enough to justify future study.
Future directions include defining which malignancies at
which stage are likely to benefit. The type of screening
(routine CT dose or low dose), the interval of screening,
and when to initiate and end screening after previous
cancer treatment remain unanswered questions.

Until randomized, controlled studies can direct
recommendations on lung cancer screening for people
with antecedent malignancy, clinicians will need to
consider screening on an individual basis. To be eligible
for lung cancer screening, patients with previous
malignancy should at least fulfill other lung cancer
screening eligibility criteria. The previous malignancy,
like any comorbidity, “should not substantially limit life
expectancy or the ability or willingness to have curative
(lung cancer) surgery” as defined by USPSTF. The
prediction of survival benefit of lung cancer treatment
and metastatic cancer treatment should outweigh the
risks of screening. Clinicians should have a detailed,
personalized discussion about these survival benefits
of annual LDCT, as wells as the risks of false positive,
overdiagnosis, anxiety, radiation, and the possibility
what we know from all existing data may be insufficient
to guide any individual decision. As with all lung cancer
screening LDCT, a shared decision making tool should be
used to address the issues of lung cancer screening that
matter most to the individual. As patients with previous
malignancy present complex scenarios, screening should
be done within a setting with access to multidisciplinary
evaluation and treatment. Most importantly, lung cancer
screening in the setting of previous malignancy should
include a discussion of smoking cessation in active
smokers and a discussion with previous smokers of
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staying smoke free. Smoking cessation is critical in this
population as these patients face the increased risk of
recurrence, metastasis as well as lung cancer. When
available, lung cancer screening of patients with previous
malignancy should be done within a clinical trial.

In conclusion, though patients with previous mali-
gnancy have been excluded from lung cancer screening
trials, they are a unique population that may enjoy a
survival benefit from diagnosis of not only lung cancer,
but of metastatic disease. Hopefully future clinical studies
in this population will clarify the risks and benefits of
lung cancer screening in the setting of antecedent
malignancy.
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Abstract

Idiopathic pulmonary fibrosis (IPF) is the most common
and rapidly fatal among idiopathic interstitial pne-
umonias. Its clinical course is variable. A significant
fraction of the population of patients display a slow
disease course and can remain stable for years, while
other patients show a rapid progressive course and may
die within few months from diagnosis. For these reasons

Baishidenge ~ WIR | www.wjgnet.com
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estimating prognosis of IPF patients is extremely difficult
and has important clinical repercussions on optimal
patients management including patients referral for lung
transplantation. Several studies have tried to address
this key point in the course of the two last decades
analyzing different clinical, functional, radiological and
biological variables. The purpose of this review is to
assess relevant studies published on this subject and to
examine the variety of prognostic predictors proposed
along with staging systems.

Key words: Idiopathic pulmonary fibrosis; Prognosis;
Survival; Scoring systems

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Idiopathic pulmonary fibrosis (IPF) is the
most common and rapidly lethal among interstitial
lung disease. Its clinical course is highly variable and
estimating prognosis of patients with IPF is extremely
difficult with important impacts on the best clinical man-
agement of patients, including the referral of patients
for lung transplantation. In this review article we eva-
luate relevant studies published on this subject and
examine the variety of proposed prognostic predictors
along with staging systems.

Puxeddu E, Rogliani P. Prognostic scoring systems for clinical
course and survival in idiopathic pulmonary fibrosis. World J
Respirol 2016; 6(1): 14-23 Available from: URL: http://www.
wjgnet.com/2218-6255/full/v6/i1/14.htm DOI: http://dx.doi.
org/10.5320/wjr.v6.i1.14

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is the most com-
mon and rapidly fatal among idiopathic interstitial
pneumonias (IIP), a group of interstitial disorders of
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unknown origin limited to the lung™. IPF is characterized
by the pattern of usual interstitial pneumonia (UIP)
defined by the presence of areas of reticular opacities
and honeycomb cysts alternating with areas of app-
arently unaffected parenchyma at high resolution
computerized tomography (HRCT) of the chest and of
focal fibroblast proliferation resulting from microscopic
foci of acute lung injury at histological evaluation of lung
biopsy specimens™.

Although the pathogenesis of IPF remains largely
unknown, recent works has shed light on the molecular
mechanism involved in the disease shifting the current
pathogenic concept from a traditional inflammatory
paradigm to a model centered on alveolar epithelia cell
(AEC) dysfunction. In this view a number of potential
risk factors, including environmental factors and among
them tobacco smoke™, would lead to repetitive (AEC)
injury with subsequent abnormal wound healing in
genetically predisposed subjects™. According to this
concept, the alveolar epithelium is subject to clinically
silent microinjuries over a prolonged period of time with
activation of pro-fibrotic signaling pathways that lead to
interstitial matrix remodeling through the up regulation
of specific molecules, such as metalloproteinases'™, and
migration, proliferation and activation of mesenchymal
cells with aberrant extracellular matrix deposition™. It is
believed that abnormal release of oxidants and various
cytokines and growth factors by alternatively activated
alveolar macrophages (AM) is also involved in the
constitution of the alveolar mileu that characterize this
fibro-proliferative disorder®®,

Epidemiological studies conducted in different geo-
graphical areas estimate IPF prevalence and incidence
in the range of 20 to 40 cases per 100000 inhabitants
and of 6.8 to 16 new cases per 100000 per year
inhabitants respectively, although, given the complexity
of IPF diagnosis, those data might underestimate the
real burden of this disease®'”. In fact, the diagnosis
of IPF is difficult and requires the recognition on HRCT
scans or on lung biopsy specimen of the typical UIP
pattern in the absence of clinical feature suggesting
alternative diagnosis that may be associated to the UIP
pattern, i.e., connective tissue diseases or exposure
to known environmental agents like asbestos. For
this reason current guidelines” recommend that the
diagnosis is performed in centers experienced in the
field of interstitial lung diseases in a process defined
multidisciplinary discussion that should take place
with the participation of different specialists, the pulm-
onologist, the radiologist, the rheumatologist and, in
those cases where biopsy is performed, of the thoracic
surgeon and the pathologist. Albeit recent data enforce
the role of HRCT in the diagnosis of IPF, that in the
appropriate setting allows the diagnosis combined
with a detailed clinical picture in the large majority of
IPF patients"", biopsy is still required in a fraction of
patients with non typical UIP radiological presentation.
Given the significant morbidity and mortality associated
with traditional surgical lung biopsy approach, less
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invasive approaches have been recently proposed with
success' ',

IPF clinical course is variable. A significant fraction
of the population of patients display a slower and less
aggressive disease course, with longer survivals'*
and these patients can remain stable for years even
without any medical intervention. On the other hand,
other patients show a rapid progressive course and may
die within few months from diagnosis. Furthermore,
the course of disease can change, with patients who
originally displayed a slow and stable disease course
progressing to a rapid decline in lung function™.

For these reasons, predicting the clinical course of
the disease is crucial for the optimal management of
IPF patients, especially for a prompt referral to lung
transplantation of those patients with worst prognosis.
Albeit the extensive research in the field, predicting IPF
clinical course remains a challenging task. To this end,
several biological and functional variables have been
evaluated as predictors of outcome. Furthermore a
number of multi-dimensional scoring systems, based
on the combination of different variables have been
recently proposed and validated in cohorts of IPF
patients. The purpose of this review is to assess relevant
studies published on this subject and to examine the
variety of prognostic predictors proposed along with
staging systems.

BIOMARKERS

The term “biomarker” stands for an objectively quan-
tifiable biological measurement, i.e., the level of a serum
protein or a specific genetic mutation or polymorphism,
that gives clinical meaningful information about the
disease state of an individual patient!**). Biomarkers
can be divided into several classes based on the type
of the information they offer. Diagnostic biomarkers
allow the distinction of affected subjects from healthy
individuals and to distinguish one disease from the
other, and therefore can be used in disease diagnosis
and classification. Disease susceptibility markers,
that are often included with diagnostic markers, are
those markers that in the healthy individual indicate
an increased risk to develop the disease and therefore
their diagnostic value in complex disease like IPF is not
fully accepted. Prognostic biomarkers are markers that
allow the prediction of outcome, usually at the time of
presentation™™®. Several molecular signature belonging
to this last group has been evaluated for their prediction
ability in cohorts of IPF patients.

Krebs van den Lungen-6 (KL-6) is a mucin-like gly-
coprotein expressed into alveolar and bronchiolar lumen
by activated alveolar type II alveolar epithelial cells
(AEC-1I') and bronchiolar epithelial cells where it acts as
a chemotactic factor favoring circulating mesenchymal
cell migration in the lungs and resident lung fibroblasts
proliferation™ !, When the integrity of alveolar capillary
barrier is compromised, KL-6 can leak into the circulation
and can therefore be detected. Serum KL-6 levels
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are significantly elevated in patients with IPF. Similar
results are described in other ILDs such as non-specific
interstitial pneumonia and systemic sclerosis-related ILD
and as a result this marker does not show high specificity
for IPF?"*, Nevertheless, KL-6 has been evaluated as
a prognostic marker in multiple forms of ILD, including
IPF. A prospective study by Satoh et af*! conducted
in a cohort of 152 patients with idiopathic interstitial
pneumonias and 67 patients with ILD associated to
connective tissue disease, demonstrated that patients
with high KL-6 levels had a worst survival compared
with those with lower levels. However, this results were
not replicated in one of the largest study involving
IPF patients where baseline KL-6 did not improve the
prediction ability of traditional clinical variables®®®.,

Matrix metalloproteinase (MMP) are a structurally
and functionally related superfamily of 23 zinc-dep-
endent proteases that are thought to play an important
role in the tissue fibrogenic process promoting interstitial
matrix remodeling, cell migration and activation of pro-
fibrotic pathways®***), MMP7, the smallest member
of the MMP family, is thought to degrade multiple com-
ponents of the extra cellular matrix playing a pivotal
role in the fibrogenic process™. Elevated serum MMP7
levels have been reported in studies comparing IPF
patients with patients affected by sarcoidosis and
COPD, but MMP7 concentrations in IPF patients do not
differ from those observed in other forms of ILD®**"
Nevertheless, Rosas et a/*® evaluating serum levels
of both MMP7 and MMP1 were able to distinguish IPF
from hypersensitivity pneumonitis, that represent one
of the more complex differential diagnosis of IPF, with
high sensitivity and specificity. The same study demonst-
rated that serum MMP7 concentrations were inversely
correlated with lung function measurements proposing
MMP7 as a possible prognostic biomarker. Coherently,
in a subsequent study Richardson and al. demonstra-
ted that levels of MMP7, analyzed together with other
variables in a multidimensional index, were significantly
associated with patients’ outcome!*'.

Pulmonary surfactants proteins are lipoprotein
complexes synthesized by AEC-1I that play in the
alveoli the essential function of decreasing the surface
tension at the air-liquid interface. The reduction in
surface tension allows lung expansion during inspiration
with lower transpulmonary pressures and prevents
alveoli from collapsing during expiration®”. Surfactant
proteins A (SP-A) and D (SP-D) have shown interesting
potentiality both as diagnostic and prognostic markers
in IPF and other forms of ILD. Abnormal surfactant
proteins synthesis is thought to play a role in AEC-1I
cell dysfunction activating endoplasmic reticulum stress
and the unfolded protein response!", Interestingly,
defects in the genes encoding SP-A1 and SP-A2 have
been associated with familial forms of pulmonary fibro-
sis, suggesting that these proteins may be involved in
IPF pathogenesis. However only a minority of sporadic
forms of IPF carry these mutations™>*?. Levels of SP-A
and SP-D have been found to be elevated in IPF patients
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due to increased permeability of the alveolar-capillary
barrier or for increased secretion by AEC- 1™, Increased
serum levels of either surfactant protein at the time of
diagnosis has been demonstrated to be independent
predictor of survival and has been proposed as a
tool for patients referral to lung transplantation™ .
However, similarly to KL-6, ancillary studies conducted
during recent clinical trials showed no difference in
serum surfactant protein levels between treatment and
placebo groups™*. For this reason further evidences are
required for their implementation into routine clinical
practice.

CC chemokine ligand 18 (CCL18) is a chemokine
protein that stimulates collagen production and fibrob-
lasts differentiation!*, It is produced by alternative
activated AM and it has been reported to be elevated
in a variety of fibrotic lung diseases, including IPF,
sarcoidosis and systemic sclerosis-related ILD limiting
its role as diagnostic biomarker for IPF****’), However,
Prasse et al*® in a prospective cohort of 72 IPF pati-
ents were able to demonstrate correlation between
serum CCL18 levels and physiological variables. In
fact, in this cohort of patients baseline serum CCL18
levels were able to predict subsequent functional
decline, and CCL18 serum levels > 150 ng/mL were
independently associated with death in the follow up
period.

In 2011 Seibold et a/*' by means of a genome
wide linkage approach detected linkage between
idiopathic interstitial pneumonia and a 3.4-Mb region
of chromosome 11p15 in 82 families. Further analysis
revealed that common polymorphism in the promoter
region of the Mucin 5B (MUC5B) is associated with both
familial interstitial pneumonia and IPF, being the minor-
allele of the single-nucleotide polymorphism rs35705950
present at a frequency of 34% among subjects with
familial interstitial pneumonia, 38% among subjects
with IPF and 9% among controls. The association
between the MUC5B promoter variant and IPF is the
most consistently reproduced in the literature since
studies conducted in other cohorts have independently
confirmed these results®™®. Interestingly no association
has been found with systemic sclerosis related ILD or
sarcoidosis®®!l, The MUC5B promoter variant appears to
have prognostic value, as it is associated with decreased
mortality when compared with the wild-type allele in IPF
patients™”. This observation seems to be independent
of clinical factors and stratification of patients based
on the presence of this polymorphism significantly
improves the accuracy of previously validated prediction
index®.

PHYSIOLOGIC VARIABLES

Baseline pulmonary function test values poorly predict
survival in IPF. Baseline forced vital capacity (FVC)
shows an unclear predictive value™*** probably due to
the confounding effect of comorbid conditions such as
emphysema, pulmonary vascular disease and obesity'”.
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Baseline diffusing capacity for carbon monoxide (DLCO)
appears to be a better survival predictor compared to
FVC, and a threshold of approximately 40 percent of
predicted values has been associated with an increased
risk of mortality’® =1, Studies conducted in small
IPF patients cohorts suggest that baseline total lung
capacity (TLC) and alveolar-arterial oxygen difference in
partial pressures [P(A-a)0:] may predict outcome in IPF.
In particular change in P(A-a)O: greater than 15 mmHg
after 12 mo has been shown to correlate with patients
survival®. However, these results were not replicated
in large cohorts of IPF patients.

Longitudinal functional trends have shown strong
prognostic value in IPF. Serial change in FVC is an
accepted measure of the disease course and decline in
FVC has been used as the primary endpoint in several
randomized controlled drug trials™***, A decline in FVC
greater than 10% has been consistently correlated with
worse survival time in IPF and recent evidence-based
guidelines recommend that an absolute decrease in
FVC greater than 10% can be used as a surrogate
marker of mortality™®. Recent data indicate that in
IPF even declines in FVC of 5% may be predictive of
mortality™® and that using the relative change instead
of the absolute change when calculating the decline in
FVC allows to identify clinically meaningful information
preserving prognostic efficiency™. A decline in DLCO
and 6-mo change in TLC and P(A-a)0O: have also been
associated with decreased survival®*>>*"%,

The 6-min walk test (6MWT) is a measure of exer-
cise tolerance, that has been widely used in a variety
of cardiac and pulmonary conditions to asses patients
performance status and to evaluate the need for oxy-
gen supplementation®’®®!, The 6MWT is a practical,
inexpensive and reliable test that requires no special
equipment or advanced training and can be performed
by all but the most severely impaired IPF patients’®. A
number of studies have evaluated at prognostic utility of
the 6MWT in IPF, however, until recently, these studies
were limited by the small size of the analyzed cohorts
or by the lack of standardization in the proceduret’®’Z,
However, in a recent study conducted analyzing data
from the database of a large randomized controlled
study evaluating interferon-gamma 1b in IPF, the 6MWT
demonstrated to be a reliable, valid, and responsive
clinical measure and to efficiently predict one-year
mortality’”®. In a subsequent study, the investigators
found that both baseline 6MWT distance (6MWD) and
24-wk change in 6MWD were independent predictors of
short-term mortality in an analysis of 748 patients with
IPF,

MULTI-DIMENSIONAL SCORING
SYSTEMS

Published studies on multi-dimensional scoring systems
are summarized in Table 1. In 1986 Watters et al'”
developed a composite clinical-radiographic-physiologic
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(CRP) scoring system based on several parameters
as dyspnea, radiology, spirometry, lung volume, diffu-
sion capacity, resting alveolar-arterial POz, and O:
saturation corrected for maximal achieved VO2max
in 26 biopsy-proven IPF patients. Scores ranged
from 0 to 100 (100 being the most severe disease).
The authors looked at the relationship between CRP
scores and histopathologic findings, including a cellular
pathology score based on abnormalities considered
potentially reversible, a fibrotic pathology score based
on abnormalities thought to be mainly irreversible, and
an overall index defined as “total pathology score”.
The CRP score determined after 6 mo of corticosteroid
treatment correlated with the fibrotic pathology score
on open lung biopsy and the change in CRP after 6 mo
of corticosteroid therapy correlated with the cellular
histopathologic component at biopsy.

In a subsequent study Gay et a/’® tested pre-
treatment features that could be used to predict short-
term improvement in pulmonary function and long
term survival in a population of 38 biopsy-proven IPF
patients. The CPR, a high-resolution CT scan (HRCT)
scores, and histopathologic scores were available in all
patients. In a first phase of the study, patients were
treated with high-dose steroids for 3 mo and thereafter
CRP scoring was repeated. Patients were divided into
three groups: Responders with a greater than 10-point
drop in CRP, stable with a change in CRP within 10 point,
and non-responders with rise in CRP greater than 10
or death. Patients showing improvement continued the
steroids treatment for 18 mo tapering the drug dose.
In all others patients, steroids therapy was interrupted
and oral cyclophosphamide prescribed. Only the HRCT
fibrotic score (P < 0.009) and the fibrotic pathology
score (P < 0.03) independently predicted survival in
the analyzed population. Addition to the HRCT fibrotic
score of physiologic measures, CRP score, or pathologic
findings did not improve its predictive value.

King et al’”! elaborated an updated of the CRP
scoring system in order to predict survival in newly
diagnosed cases of IPF. Study population included 238
biopsy-proven IPF patients divided by smoking status
into current smokers, former smokers and never
smokers.

For each patient, clinical manifestations, chest radio-
graphs, and pulmonary physiology were prospectively
assessed by means of Cox proportional hazards models
and the effect of these parameters on survival was
evaluated. Survival was related to age, smoking status,
clubbing, the extent of interstitial opacities on the
chest radiograph, presence of pulmonary hypertension,
reduced lung volume, and abnormal gas exchange
during maximal exercise. Based on these results the
authors updated the CRP scoring system elaborated by
Watters et al’”! and developed an abbreviated model
which excluded pulmonary mechanics and exercise
variables that was demonstrated to be superior to the
original model proposed by Watters et af”.

In an English study by Mogulkoc et al”® a model
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Table 1 Summary of characteristics and main results of the studies published on Multidimensional-scoring systems

Ref. Type of study (number of patients)  Variables included in the model Summary of results
Gay et al” Prospective (38) HRCT score HRCT fibrotic score = 2: 80% sensitive and 85% specific
Pathology fibrotic score in predicting death (34 mo average follow-up). The CRP
does not add predicting value
King et al”” Retrospective (91) Age Only prediction results of single variables are reported by
Smoking status the authors. No direct data about performance of the CRP
Clubbing are reported
HRCT score
HRCT score for PH
TLC % pred
PaO: at max exercise
Mogulkoc et al™ Retrospective (95) HRCT score HRCT and DLCO% combined model: AUC 0.91;

DLCO % pred
DLCO % pred
FVC % pred
FEV1 % pred
Age
Respiratory hospitalization
FVC % pred
24 wk in FVC % pred
Gender
FVC %pred
DLCO %pred

sensitivity 84%, specificity 82% in predicting 2 yr survival
5 yr survival CPI regression coefficient: 0.092 (0.043, 0.141).
P <0.0005

Wells et al”! Retrospective (212)

du Bois et al™ Prospective (830) Combined scoring system AUC: 0.75. 1 yr survival

Richards et al®™ Prospective (241) PCMI = 330: AUC 0.74-0.84 in predicting survival.

Average follow-up 1.8 yr

MMP-7
Mura et al'™ Prospective (138) MRCDS ROSE > 2:HR 11.4, P < 0.0001; AUC 0.76; sensitivity 39%,
6MWD % pred specificity 100% in predicting survival. 3 yr follow-up
CPL
Ley et al®” Retrospective (558) Gender GAP: c-index 69.3. Stages I, II and Il 1-yr mortality of
Age 6%, 16%, and 39%, respectively

FVC % pred
DLCO % pred

HRCT: High resolution computerized tomography; CRP: Clinical-radiographic-physiologic; TLC: Total lung capacity; DLCO: Diffusing capacity for carbon

monoxide; CPI: Composite physiologic index; PCMI: Personal clinical molecular mortality index; MMP: Matrix metalloproteinase; MRCDS: Medical

research council dyspnea score; 6MWD: 6 min walking distance; ROSE: Risk stratificatiOn ScorE; HR: High-resolution; GAP: Gender, age, physiology;

PaOz: Pulmonary arterial oxygen tension; FVC: Forced vital capacity; FEV1: Forced expiratory volume in1s.

based on DLCO percent predicted and HRCT-fibrosis
score was developed in order to estimate survival and
to optimize the timing of lung transplant referral in
IPF patients. Study population was composed of 115
patients under 65 years 38% of which with biopsy
proven IPF. The primary endpoint of this study was
2-year survival. Authors found that HRCT-fibrosis
score, based on fibrotic and ground glass changes,
and DLCO expressed as percent of predicted values
were independent predictors of survival and they also
determined a cut-off for both measures. The model
yielded a specificity and sensitivity of 84% and 82%,
respectively.

In 2003 a study by Wells et a/”®! proposed the
Composite Physiologic Index (CPI) as a determinant of
prognosis in IPF patients with and without concomitant
emphysema. The CPI was derived against a quantitative
radiographic score of pulmonary fibrosis and provided
an accurate estimate of the disease extent on HRCT.
The CPI was calculated in a derivation population of
106 patients, 36 with biopsy-proven IPF, and was
eventually tested in a validation population of the
same size. Stepwise regression was used to generate
a combination of lung function variables reflecting the
extent of pulmonary fibrosis on HRCT. Parameters
examined included FEV1, FVC, TLC, residual volume,
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DLCO, carbon monoxide transfer coefficient, POz, and
A-a0:2. The extent of IPF on HRCT was independently
associated to percent predicted DLCO, FVC and FEV1
that were included in the final CPI formula as follows:

Extent of disease on CT = 91.0- (0.65 x percent
predicted DLCO)- (0.53 x percent predicted FVC)+
(0.34 x percent predicted FEV1).

In the validation population, when compared to the
single variables, the CPI showed the best correlation
to the HRCT disease extent. In terms of survival, five
years retrospective mortality analysis demonstrated
that the CPI had the greatest prognostic power in both
the singles and combined cohorts, including a separate
cohort of 36 patients with biopsy proven IPF (CPI, P =
0.0005; FVC, P = 0.002; PO2, P = 0.002).

A risk scoring system for 1-year mortality was
proposed by du Bois et al®™ in 2011. The authors
analyzed clinical data of 830 patients with mild to
moderate disease without emphysema included in
two large international clinical trials aimed to test the
efficacy of IFN-g1b in IPF>%%1,

The endpoint was 1-year survival and the mortality
was found to be 9.7% at one year. The following
variables were found to be independent predictors of all-
cause mortality and were included in a clinical model:
Age, history of respiratory hospitalizations, percent
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Table 2 Risk stratification Score™®”

Low risk (all of the following conditions) Intermediate risk (1 or 2 of the following conditions) High risk (all the following conditions)
MRCDS < 3 MRCDS > 3 MRCDS > 3

6MWD > 72% predicted 6MWD 72% < predicted 6MWD 72% < predicted

CPI < 41 CPI > 41 CPI > 41

MRCDS: Medical research council dyspnea score; 6MWD: 6 min walking distance; CPI: Composite physiologic index.

predicted FVC, 24-wk change in percent predicted for comparative analysis. Minimum follow-up was 3
FVC, percent predicted DLCO, 24-wk change in percent years and the primary end-point was survival defined
predicted DLCO and 24-wk change in health related as time to death or to lung transplantation. Incidence
quality of life questionnaire. A second simplified model of acute exacerbation was also addressed in this study.
was developed based on age, history of respiratory Examination of clinical variables collected at time of
hospitalization, percent predicted FVC and 24-wk diagnosis and at six month from diagnosis by means
change in percent predicted FVC. Both the original and of ROC curve and multivariate analysis allowed the
simplified models had comparable discriminatory power. definition of three independent predictors of 3-year
Based on the simplified clinical model a scoring system survival: (1) Medical research council dyspnea score
able to estimate the probability of 1-year mortality in (MRCDS) > 3 (HR = 6.77, P < 0.0005), (2) 6 min

patients with IPF was developed. walking distance (6MWD) < 72% predicted (HR = 3.27,
A personal clinical molecular mortality index (PCMI) P < 0.0162) and (3) CPI > 41 (HR = 5.36, P < 0.0071).
was proposed in a prospective study by Richards et The ROSE predicted 3-yr survival with 39%

al®!, This multi-dimensional index incorporated for the sensitivity and 100% specificity. A ROSE of 3 (Table 2)
first time serum biomarkers with pulmonary function carried a hazard ratio of 11.4 towards 3-year mortality.
test measures. Study population included 241 patients Importantly, advancement to ROSE 3 of patients with
divided into a derivation cohort of 140 patients, 85 an initial score of 1 or 2 six months after diagnosis
with biopsy proved IPF, and a validation cohort of predicted 3-yr mortality with 94% sensitivity and 41%
101, 41 with biopsy. The primary endpoints of the specificity.

study were mortality, transplant-free survival, and In their retrospective study Ley et a/®* developed
progression-free survival. Sera samples from the 241 an index defined as GAP (gender, age, physiology),
patients were tested for the concentrations of more in order to predict mortality in IPF. United States and

than 90 different proteins. The association of serum Italian patients included in this study were divided in
biomarkers with primary endpoints were tested in the three groups: 228 patients, 44.3% of which with biopsy
derivation and validation cohorts using nonparametric proven IPF, were included in the derivation cohort and

methods of survival analysis and the Cox proportional 555, 54.7% of which with biopsy, in two validation
hazards model, and an integrated risk prediction score cohorts of 330 and 325 patients. Mean follow-up was
including FVC and DLCO was derived and tested. 1.7 and 2.4 in the derivation and the validation cohorts,

Although concentrations of MMP-7, ICAM-1, IL-8, respectively. The primary endpoint of the study was
VCAM-1, and S100A12 were all associated with the time to death or lung transplantation. Overall mortality
primary endpoints in the derivation cohort, the Akaike was 49% in the derivation cohort and 62% in the
information criterion (AIC) that was applied for variable validation cohorts. A competing-risk regression model
selection in the Cox proportional hazards model, was used to screen potential predictors of mortality in
included only MMP-7 in the final equation defining PCMI the derivation cohort including age, sex, body mass
as follows: 114 x I(Male) + 2 (100% - FVC% Predicted) index, smoking status, supplemental oxygen use,
+ 3 (100% - DLCO%Predicted) + 111 X [ (MMP-7 = FVC, FEV1, TLC and DLCO. Age, sex, FVC% predicted
4.3 ng/mL) where I has to be considered equal to 1 if and DLCO% predicted were identified as independent

and only if the condition inside the parentheses is true. predictors and were used to develop the GAP individual
With a PCMI cut-off of 330, low-risk patients showed a risk calculator towards mortality and staging system.
median survival of 5.13 years while high risk patients Three stages (stages 1, II, and IlI) were identified
had a median survival of 1.56 years. based on the GAP index with 1-year mortality of 6%,

In an Italian study Mura et a/®*® elaborated an 16%, and 39%, respectively (Table 3).
index, defined as Risk stratificatiOn ScorE (ROSE).
This study was conducted on an overall population of
138 newly diagnosed patients, 55 (40%) of those had CONCLUSION
a biopsy-proven diagnosis, and the rest had a clinical- Predicting clinical course of IPF is extremely difficult and
radiological diagnosis reviewed by three different despite the progress in the field reviewed in this article,
expert radiologists. The study population comprised a survival prediction in the single IPF patient remains
prospective derivation population of 70 patients and a an unmet clinical need. This task is limited by multiple
retrospective validation population of 68 patients used factors. On one hand diagnostic delays related to
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Table 3 Gender, age, physiology index™®*!

Stage I II I
Points 0-3 4-5 6-8
Predictor Points
Gender
G Female 0
Male 1
Age

A < 60 0
61-65 1

= 65 3

FVC% predicted

>75 0

50-75 1

P <50 2

DLCO% predicted

>55 0

36-55 1

<35 2

Cannot perform 3

Total possible points 8

FVC: Forced vital capacity; DLCO: Diffusing capacity for carbon monoxide.

different patients symptoms perception and healthcare
operators awareness, but also different biological
disease characteristics might cause a high variability of
disease presentation at time of diagnosis. Furthermore,
largely unknown triggers might dramatically affect
disease course, with patients who originally displayed
a stable disease progressing to rapid decline in lung
function. In this respect, recent data suggest that even
medical interventions considered standard therapy
until few years ago might have contribute to disease
progression in a significant fraction of IPF patients’®"®,
On the other hand, the complex pathophysiology of IPF,
that is characterized by a combination of gas exchange,
ventilatory and cardiovascular response abnormalities,
limits the correlation between single traditional clinical
measures such as pulmonary function tests, exercise
capability and radiological or histopathological disease
extent affecting their clinical utility at time of diagnosis.
Observation of trends in clinical variables have shown a
better prediction ability compared to baseline measures.
However this approach presents the major limitation of
the need of follow-up periods ranging from 6 to 12 mo
in a disease with a median survival of about 3 years.
Recent data suggest that shorter term observations and
the validation of clinical meaningful differences in clinical
variables of lesser magnitude might improve the clinical
utility of this approach™®*’*,

Multiple-dimensional scoring systems have signi-
ficantly improved the prediction of survival in IPF.
These scoring systems have the advantage to take
into account different aspects of the disease at the
same time increasing the amount of information on
the status of the single patient. However, to date none
of the proposed systems can be considered extent
of limitations. In fact, some of the published studies
are limited by their retrospective nature or by the
relative small humbers of analyzed prospective cohorts.
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Availability of prospective data from the large database
of recent clinical trials has partially overcame these limi-
tations. However, these studies have generally enrolled
mild or moderate patients that might not represents
the “real life” clinical setting missing advanced and
rapidly progressing disease forms and therefore might
underestimate the real disease burden of IPF.

In our opinion the search for the optimal survival
prediction tool should take into account the increasing
information coming from basic studies on the gene-
tics, pathogenetic mechanisms and more in general
biology of IPF, some of which have already provided
useful hints in form of molecular signature that should
be incorporated in old and new clinical models and
eventually validated in large prospective cohorts of IPF
patients. Such consistent and improved survival tool
might be particular useful in the next future to guide
the clinicians in patients management with particular
regard to the choice of the increasing available effective
therapeutic strategies for IPF patients.
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Abstract

AIM: To quantify the exposure levels and to assess
pulmonary reactions associated with exposure to cotton
dust and its biological contaminants.

METHODS: All employees (51 male workers) of a
ginning industry as well as 51 referent unexposed sub-
jects from clerical staff of an educational center were
investigated. Atmospheric concentrations of cotton dust
and bioaerosols were measured. Furthermore, bacterial
and fungal genera and species were identified by an
expert microbiologist and an experienced mycologist.
A standard respiratory symptom questionnaire was
filled out for the subjects and they underwent multiple
spirometry tests, at the beginning and at the end of
work season as well as prior to (pre-exposure base line
values) and at end of the first shift of workweek (post
exposure).

RESULTS: Gram negative bacteria including Enter-
obacter agglomerans and Pseudomonas spp. were
found to be the dominant bacterial species and genera,
respectively. Similarly, dominant fungi were identified to
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be Mucor sp. Rhizopus sp. and Aspergillus niger. Mean
atmospheric concentrations of cotton dust in ginning
and outdoor areas were found to be 35.2 and 6.8 mg/m’,
respectively. The prevalence rates of cough, phlegm,
wheezing, dyspenea and grade 1/2 byssinosis among
the exposed subjects were significantly higher than their
corresponding values for the unexposed employees (P
< 0.05). Additionally, significant differences were noted
in the mean baseline value (preshift) of vital capacity,
forced expiratory volume in the first second (FEV1)and
FEV1/forced vital capacity ratio of the exposed subjects
when compared with those of their referent counter-
parts. Similarly, significant cross shift decrements were
noted in most parameters of pulmonary function of the
exposed subjects.

CONCLUSION: Seasonal exposure to cotton dust
induces both acute, partially reversible, and chronic irre-
versible decrements in the lungs’ functional capacities as
well as increased prevalence of respiratory symptoms.

Key words: Cotton dust; Bioaerosols; Byssinosis; Lungs’
functional impairments; Respiratory symptoms

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is not known whether long term seasonal
exposure to high concentrations of cotton dust for a
few months per year followed by several months of
exposure free period in ginning industry is associated
with any pulmonary effects. Findings of the present
study indicate that even seasonal exposure to high
concentrations of this organic dust is a risk factor for
byssinosis manifested by acute partially reversible and
chronic irreversible significant decrements in lungs’ func-
tional capacities and increased prevalence of respiratory
symptoms.

Neghab M, Soleimani E, Nowroozi-Sarjoeye M. Pulmonary
effects of intermittent, seasonal exposure to high concentrations
of cotton dust. World J Respirol 2016; 6(1): 24-32 Available
from: URL: http://www.wjgnet.com/2218-6255/full/v6/i1/24.
htm DOI: http://dx.doi.org/10.5320/wjr.v6.11.24

INTRODUCTION

Cotton dust-induced asthma was first described about
300 years ago. Harvested cotton consists of a mixture
of plant materials including leaves, bracts and stems,
fiber, bacteria, fungi, and other contaminants™. Pri-
marily, lint within unopened cotton bolls is free from
any contamination'”. However, it quickly becomes
contaminated with different germs after the bolls
open™. Endotoxins which originate from gram negative
bacteria have been implicated as causal factors in the
pathogenesis of byssinosis. Findings of a number of
epidemiological and toxicological studies have shown
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that exposure to bioaersolos has been associated
with inflammatory pathogenic pulmonary effects*®.
Drummond and Hamlin™! believe that soil is a major
source from which cotton dust bacteria originate. Other
potential sources include the seeds, insects, airborne
microorganisms and germs which are deposited on the
plants by the cultivation. Although it seems that more
than one of these could be the reservoir, it won't be
possible to ascertain where exactly the organisms which
colonize the lint come from before the normal flora of
the lint are known. Inhalation of cotton dust from textile
mills (and also flax dust and soft hemp dust) produces
gradual awareness of chest tightness or difficulty getting
air into the chest. This generally occurs three or four
hours after entering the cotton textile working area. It
is accompanied by shortness of breath during periods
of exertion and frequently by cough, usually without
phlegm®?,

From a clinical point of view, byssinosis is initially
manifested by complaints described as chest tightness
which is sometimes associated with a continual cough,
dyspenea, and wheezing. These symptoms normally
occur on the first day of the work week. At early stages
of the disease, symptoms occur only occasionally and
most often when the humidity is very high (grade
1/2 byssinosis). If exposure continues, symptoms
progress to grade I byssinosis. At this stage patients
complain from chest tightness on most workdays or
at least on all first workdays of the week. Several
years later, symptoms may progress to grade II bys-
sinosis. At this stage, symptoms are present on days
other than Monday and they still are generally worse
at the beginning of the week, with many patients
noting some degree of improvement at the end of the
week. Improvement of the symptoms as the week
progresses differentiates byssinosis from nonspecific
airway reactivity in which symptoms actually worsen
as the work week progresses. Symptoms of grade
I byssinosis are reversible, provided that exposure
to dust is entirely eliminated or significantly reduced.
Otherwise, they progress to grade Il byssinosis. Grade
Il byssinosis continues to worsen to the point where it
is clinically irreversible. At this stage, significant chronic
airway obstruction has developed™?.

Significant variations exist in the prevalence rates
of byssinosis in different parts of the world, ranging
from about 1% to 50%™ ™!, It is known that washing
and steaming of raw cotton significantly decrease the
population of bioaerosols and eliminate water soluble
chemicals responsible for acute byssinosis. This pra-
ctice, which significantly reduces the biological activity
of byssinosis, explains the low prevalence rate of
byssinosis (1.1%) in some countries such as Australia!'l.

Additionally, other factors such as differences in
the levels and duration of exposure to cotton dust,
smoking habits of workers, presence or absence of
local exhaust ventilation system in the workplace,
and whether employees wear respiratory protective
devices!"**! also may explain, at least in part, why
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byssinosis does not have a uniform distribution in the
world. While byssinosis has shown a descending trend
in recent two decades™*’*®, it has remained high in
developing countries!***#*°1, The precise mechanisms
by which exposure to cotton dust induces byssinosis
are not known. However, it has been proposed that
bacterial endotoxins, immune-mediated IgE stimulation,
non-immunological release of histamine and fungal
(Alternaria tenuis, Aspergillus niger and Fusarium
solani)™ proteolytic enzymes may play a role in the
pathogenesis of the disease!®***,

Higher prevalence of byssinosis and respiratory
symptoms as well as reduced lung functional capacities
have been reported in workers who are continuously
exposed to high concentrations of cotton dust™>**2®,
However, it is not known whether the same is true
for intermittent, seasonal exposure to cotton dust.
Ginning process is a seasonal activity which takes
place for a few months per year followed by several
months of exposure free period. Whether this long-
term intermittent seasonal exposure to cotton dust is
associated with any acute and/or chronic changes in the
parameters of pulmonary function and the prevalence
of respiratory symptoms, is not known. Additionally, it is
not clear whether bioaerosols contaminating the cotton
are similar in different parts of the world. Darab city in
Fars province, south of Iran, is a place where cotton is
cultivated and harvested at a relatively large scale and
then it is processed in a local ginning industry. To date,
no study has been carried out to evaluate respiratory
health of the subjects exposed to cotton dust in this
local plant, the level of exposure of employees of this
industry to cotton dust and its bioaerosol contaminants
is not known and the types of the cotton bioaerosols
have not been determined.

This study was, therefore, undertaken to address
these issues and identify employees with different
grades of byssinosis, if any, particularly, those with
reversible grades (1/2 and 1) whose progression could
be prevented by appropriate interventions.

MATERIALS AND METHODS

Studied population

This cross sectional study was carried out in a local
ginning industry in Darab (latitude and longitude
28.7519° N and 54.5444° E, respectively) city in Fars
Province, south of Iran. Darab has a generally warm
climate reaching 45 Celsius degrees in the summer.
Darab’s major agricultural products include wheat,
citrus fruit, cotton, maize and palm. Cotton is cultivated
and harvested at a relatively large scale and then it
is processed in a local ginning industry. The studied
population consisted of all employees (51 male subjects)
of the plant as well as a group of 51 unexposed referent
subjects from clerical staff of an educational center.
The plant consisted of three separate sections, of feed,
ginning and seed separator. The workers were equally
distributed in these sections and frequently traveled
between them, without wearing any respiratory pro-

Baishidenge ~ WIR | www.wjgnet.com

26

tective equipment, to perform their duties. In the feed
section, cotton is manually fed by the workers to the
gin machines where cotton is transferred to a dryer to
reduce its moisture and then passes through cleaning
equipment for its foreign materials to be removed. In
the seed separator section, revolving circular saws pull
the lint through closely spaced ribs that prevent the
seed from passing through. The lint is removed from
the saw teeth by air blasts or rotating brushes, and
then compressed into bales. Finally, cotton is stored in a
warehouse until it is transferred to a textile mill.

Prevalence of respiratory symptoms

Standard respiratory symptom questionnaires, as
suggested by the American Thoracic Society™, with
some additional specific questions for classification
of different grades of byssinosis™”, were filled out for
both groups. The questionnaire contained questions
regarding the employees’ job, work history, symptoms
and signs of respiratory diseases and smoking habits.

Pulmonary function tests

The parameters of pulmonary function including vital
capacity, forced vital capacity (FVC), forced expira-
tory volume in the first second (FEV1), and FEV1/FVC
ratio were measured at the beginning of work season
(November), at the end of work season (January),
prior to first shift of workweek (pre-exposure base line
values) and at end of the first shift of workweek (post
exposure). Spirometry was performed with a calibrated
Vitalogragh (Spiro Analyzer ST-150, Japan) according to
the standard method™”, details of which are to be found
elsewhere®, The mean percentage predicted value was
based on the subjects’ age, weight, standing height,
sex and ethnic group as calculated and adjusted by
spirometer device.

Measurement of cotton dust concentrations, fungi and
bacteria

In order to determine the atmospheric concentrations
of cotton dust, several samples were collected from
different parts of the plant and the mean concentrations
were expressed in mg/m>. Samples were collected by
SKC personal air sampling pumps equipped with PVC
filters (5 um pores). Pretest experiments showed that
the appropriate sampling time and flow rate to avoid
overloading of the filters were about 30 min and 2.4
L/min, respectively. To assess the extent to which the
workers were exposed to bioaerosols, atmospheric
concentrations of bacteria and fungi were determined
according to NIOSH method 0800, by a single-stage
Anderson sampler using Sabouraud Dextrose agar and
blood agar as culture media. Flow rate of sampling
pump was 28.3 L/min. Pretest experiments showed
that the appropriate sampling time was about 6 min.
Bacterial and fungal genera and species were identi-
fied by an expert microbiologist and an experienced
mycologist. Air temperature, pressure and humidity
were also measured during air sampling by a dry bulb
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Table 1 Demographic characteristics, smoking habits, and
exposure levels of the studied subjects

Table 2 Frequency (%) of respiratory symptoms in the
exposed and unexposed subjects' 7 (%)

Variables Exposed workers  Unexposed subjects Symptoms Exposed Unexposed
(n =51) (n = 51) (n = 51) (n = 51)

Age (yr)' 40.7 £11.5* 402+121 Cough 19 37)° 2 (4%)
Height (cm)’ 169 +4.8* 1703+ 4.8 Phlegm 19 (37)° 4 (8%)
Weight (kg)' 70.1+9.7 735+12.1 Productive cough 4 (8) 0
Duration of exposure or 10778 95+£52 Wheezing during a cold 21 (41)° 5 (10%)
employment (yr)" Wheezing apart from colds 14 (27)° 3 (6%)
Marital status” Wheezing accompanied by 7 (14)° 0
Single 5 (10%)* 9 (18%) Shortness of breath
Married 46 (90%)* 42 (82%) Shortness of breath 8 (16)* 1(2%)
Smoking’ Byssinosis grade 1/2 9 (17.6)° 0
Yes 31 (61%)* 28 (55%) Byssinosis grade I 3 (6) 0
No 20 (39%)* 23 (45%) Byssinosis grade II 2(4) 0
Light’ 21 (41%)* 19 (37%)
Lileavy s 10 (20%)* 2 (@) 'y* or Fisher's exact test; "P < 0.001; ‘P < 0.01.
Cotton exposure (mg/m’)
Ginning section 352+11.6 NA
ge‘idseCﬁO“ . 1:; i 5021 E: plant including ginning, seed separator and feed areas

eed separator area 5 5
N P N were calculated to be 35.2 £ 11.6, 14.9 + 6.2, and

"Independent sample T test; % or Fisher’s exact test; *Light: < 5 cigarettes
per day, heavy: = 5 cigarettes per day; ‘No significant differences
exist between the exposed and unexposed subjects (P > 0.05). NA: Not
available.

thermometer, a digital barometer and a whirling hygro-
meter, respectively.

Statistical analysis

Data were statistically analyzed using t; and »%; or
Fisher’s exact test, where applicable (with a preset
probability of P < 0.05). Additionally, using multiple
linear regression analysis, the simultaneous effects of
confounding variables on the prevalence of respiratory
symptoms and changes in the parameters of pulmonary
function were evaluated. Mean concentrations of total
dust and bioaerosols in different parts of the mill were
compared using ANOVA test. The statistical methods
of this study were reviewed by a biostatistician and a
clinical epidemiologist.

RESULTS

The averages (mean £ SD) of age (year), weight (kg),
height (cm), duration of exposure (length of employment
for the referent subjects), marital status and smoking
habits of the studied population are presented in Table
1. As shown, there were no significant differences
between both groups as far as demographic variables
and smoking habits were concerned. None of the
exposed subjects had a past medical or family history
of respiratory illness or any other chest operations or
injuries. Likewise, none of the referent subjects had
been exposed to cotton dust or other chemicals known
to cause respiratory symptoms or ventilatory disorders
during the course of their employment or prior to
it. The mean concentrations of cotton dust from 17
area air samples collected from different parts of the
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18.5 = 10.1 mg/m’, respectively. The mean outdoor
concentration of cotton dust (17 air samples) was 6.8
+ 4.2 mg/m’. The mean temperature and relative
humidity in different parts of the plant were recorded to
be as follows: 22.8 ‘C and 40.8%, 21.5°C and 34.7%,
21°C and 34.7%, and 20.7 'C and 33.7% for ginning
section, seed separator area, feed section and outdoor
air, respectively.

Isolated bacteria were gram negatives including
Enterobacter agglomerans, Pseudomonas spp.,
Citrobacter freundii, and Enterobacter aerogenes.
Enterobacter agglomerans and Pseudomonas spp.
were the dominant species and genera, respectively.
Additionally, isolated fungi included Penicillium, Mucor,
Rhizopus, Aspergillus niger, and Aspergillus fumigatus
from which Mucor, Rhizopus and Aspergillus niger
were the dominant genera and species. Bacterial
count indicated that the atmospheric concentrations
of bacteria in ginning section, seed separator area,
feed section and outdoor were 30045 + 8117, 6495 +
1594, 3103 + 883, and 464 + 288 CFU/m’ respectively.
Additionally, the concentrations of fungi in the ginning
section, seed separator area, feed section, and outdoor
were 587 + 210, 58 £ 21, 393 £ 94 and 33 £ 16
CFU/m?, respectively. Statistically significant differences
were noted among the mean concentrations of bacte-
ria and fungi in different parts of the plant and at the
outdoor environment (P < 0.05). There were positive
correlations between dust concentration and number of
bacterial (r = 0.786) and fungal (r = 0.718) colonies in
the work place (P < 0.0005).

Table 2 shows the frequency of abnormal respiratory
findings. As shown, the prevalence of most respiratory
symptoms (cough, phlegm, wheezing, shortness of
breath, wheezing accompanied by shortness of breath
and grade 1/2 byssinosis) in the exposed subjects was
significantly higher than those of the referent subjects
(P < 0.05). Table 3 exhibits the results of pulmonary
function tests (PFTs) before the start of the work season
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Table 3 Changes in pulmonary function test parameters of the exposed and unexposed subjects

Exposed workers (7 = 51) Referent group
Parameters Preshift’ Postshift' End of season’ End of shift end of  After 48 h of exposure (n=51)
workweek® free period*
vC 78.9+16.3° 76.6 +17° 732+16.6' 78.8 +16.3" 76.1+16.3 85.5+13.5
FVC 84.8+12.6° 85.2+12.9 86.2+16.5 855+12.8 84.8+12.6 81+44
FEV1 79.7 £13.7° 783 +12.4° 74.6 +13.1° 76.7 +11.7" 79.1+13.7 90.1+10.5
FEV1/FVC 941+ 145 89.3+20.2 89.3+20.2 90.6 +12" 941+145 107.6 +14.5

'At the beginning of work season (prior to and end of first shift of workweek); At end of the work season; At end of shift at end of workweek; ‘48 h after
exposure ceased; "P < 0.05 vs the referent group; ‘P < 0.05 vs preshift; ‘P < 0.05 vs preshift; "P < 0.05 vs after 48 h of exposure free period. VC: Vital capacity;
FVC: Forced vital capacity; FEV: Forced expiratory volume.

Table 4 Association between exposure to cotton dust and duration of exposure with changes in the pulmonary function test

parameters' (7 = 51)

Period of time Parameters Independent variable Adjusted R? B
At the beginning of work season ve® Duration of exposure 0.23 -0.5
FVC® 04 -0.65
FEV/® 021 -0.48
FEV:/FVC* 0.16 0.42
During the work shift FvC Duration of exposure 0.06 -0.28
During the work shift FEV:* Dust concentration 0.14 0.4
During the work season vc! Dust concentration 0.1 0.4
FvC? 01 0.32
FEV:* 0.06 0.28

"Multiple linear regression analysis; °P < 0.001; P < 0.01; °P < 0.05. VC: Vital capacity; FVC: Forced vital capacity; FEV: Forced expiratory volume.

Table 5 Comparison of the subjects with normal spirogram, possibly restrictive, obstructive or mixed pattern for both groups'

Period of time Spirogram pattern 77 (%)
Normal Restrictive Obstructive Mixed

Before exposure, at the start of the work Exposed 40 (87.4) 6 (11.8) 5(9.8) 0

season Unexposed 45 (88.2) 4(7.8) 2(3.9) 0

After exposure, at the start of the work Exposed 39 (76.5) 4(7.8) 8 (15.7) 0

season Unexposed 45 (88.2) 4(7.8) 2(3.9) 0

At the end of the work season” Exposed 27 (53) 6 (11.8) 18 (35.3) 0

Unexposed 45 (88.2) 4(7.8) 2(3.9) 0

'y* or Fisher’s exact test; “significant difference exists between the exposed and unexposed groups (P < 0.001).
(following an eight-month exposure-free period), in the model showed that after adjusting for these
cross shift and seasonal changes as well as changes important confounders, there were statistically signifi-

in PFTs after a temporary short time (48 h) exposure cant associations between exposure to cotton dust and
free period. As shown, base line values of PFTs of the duration of exposure with lung function parameters at
exposed subjects were significantly lower than those the beginning of the season, during the work shift and
of the referent subjects. Additionally, further significant during the work season. Table 5 shows the proportion
cross shift and seasonal decrements observed after of the subjects with normal and impaired spirometry
exposure to cotton dust. However, a relative and partial results. As shown, at the end of the work season, a
recovery was also noted after a brief, 48 h, exposure significantly higher proportion of the exposed subjects
free period. Similarly, cross shift changes showed that had abnormal spirometry results.

a significant number of the workers (51%) experienced
5% or more decline in FEV1 value. Stratification for

smoking yielded similar results (for the sake of clarity DISCUSSION

data were not shown). This study was conducted to ascertain whether seasonal
Association between cotton dust concentration and intermittent exposure to cotton dust and its bioaerosol

duration of exposure with the changes in the param- contaminants for a couple of months per year, followed

eters of pulmonary function is displayed in Table 4. by several months of exposure free period, is associated

Multiple linear regression analysis including variables of with any symptoms of respiratory disease and/or any
age, weight, height, smoking habits, and marital status acute and /or chronic ventilatory disorders, over years.
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Additionally, it aimed to assess the extent to which
employees were exposed to cotton dust and bioaerosols
and identify and characterize the predominant germs.

Given the data provided, it was evident that seasonal
exposure to high concentrations of cotton dust increases
the prevalence rates of respiratory symptoms and grade
1/2 byssinosis when compared with the corresponding
values of the unexposed referent group (Table 2).
Similarly, the base line values of all parameters of
pulmonary function of the exposed employees (values
at the beginning of work season prior to exposure)
were shown to be significantly lower than those of the
referent subjects (Table 3) indicating that, under the
exposure scenario explained in this study, even seasonal
exposure to cotton dust, over years, may induce chronic
irreversible ventilatory disorders. Moreover, additional
significant cross shift and end of season decrements
were noted in most parameters of pulmonary function
of the exposed employees. However, a relative, but
significant, recovery was also evident in the spirograms
of the exposed employees following a short (48 h)
exposure-free period (Table 3), indicating that exposure
to cotton dust is also associated with acute partially
reversible changes in the parameters of pulmonary
function. Similar findings have been reported by other
investigators where acute airway obstruction has been
shown as a result of short-term exposure to cotton
dust?®>*,

For employees who are covered by OSHA’s Cotton
Standard (29 CFR 1910.1043), the exposure limits
are as follows: 200 ug/m’ of cotton dust for yarn
manufacturing; 500 pg/m’ for textile waste houses; 750
ug/m’ for slashing and weaving operations; and 1000
ug/m’ for waste recycling and garneting. Operations
such as cotton gins and non-textile processing are
covered by a different standard (29 CFR 1910.1000).
In this standard the PEL is 1 mg/m® measured over an
eight-hour workday™¥. Dust concentrations in different
parts of this plant were much higher than those of
similar studies such as those of Jiang et al'", Zuskin et
al"®, Glindmeyer et al''®, Alemu et al*, Fox et al®,
Molyneux et al*®, and Fishwick et al*”..

No significant differences existed between both
groups as far as major confounding variables of weight,
height, length of employment, number of smokers, and
severity of smoking were concerned. Additionally, the
subjects were free from past medical or family history
of respiratory illnesses or any other chest operations
or injuries. Therefore, the findings of the study could
not be attributed to these confounding variables, and
particularly, to that of the most important potential
confounder, smoking. This conclusion is further supp-
orted by the results of multiple linear regression
analysis where after adjusting for the effects of potential
confounders significant associations were present
between exposure to cotton dust and changes in lung
function parameters (Table 4).

In this study, prevalence of byssinosis was found
to be high (27%); this is consistent with the findings
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of Alemu et al’®® (43%), Molyneux et al*® (39%), El
Batawi et a*® (52.6%), Awad el Karim et al®® (46%),
Woldeyohannes et al*® (43%), Memon et al*” (35.6%),
and Nafees et af*"! (10.5%). Similarly, the prevalence
of respiratory symptoms such as cough (37%), phlegm
(37%), productive cough (9%), wheezing (27%),
shortness of breath (16%) and wheezing associated
with shortness of breath (14%) was quantitatively
similar to those reported by others®>***%, Likewise,
significant declines in FEVivalues noted in this study
were in accord with the observations of Wang et a*”,
Jiang et a™l, Zuskin et al™, Fox et al*®!, Kamat et
al*¥, and Christiani et af**..

The rate of FEVidecrement has been proposed as
an appropriate parameter to evaluate the effects of
exposure to cotton dust. For clinicians, it is essential
to determine the association between exposure to
cotton dust and decline in FEV: and FVC values. The
bronchospasm (which is typically reversible at early
stages), seen with byssinosis, can be demonstrated by
spirometry performed prior to the start of a working
shift and again 5 to 6 h later to determine if there has
been any diminution in FEV1 value. A 10% decline in
FEV: is generally considered to be sufficient evidence
that a worker is significantly reactive to cotton dust. It
is important to note that OSHA considers FEV: declines
of as little as 5% to be clinically significant. In these
cases, OSHA requires that such individuals be placed on
a program of increased surveillance™®. In the present
study, a significant number of the workers (51%)
experienced 5% or more decline in FEV1.

More than one third (35.3%) of the employees,
at the end of the work season, had a spirometric
pattern consistent with that of obstructive ventilatory
disorders (Table 5) because in obstructive ventilatory
disorders FVC is either normal or increased, but the
hallmark is a decreased FEV:i. Therefore, the ratio of
FEV:/FVC is characteristically decreased**. This is
consistent with the mechanism of respiratory effects
of exposure to cotton dust!'**>*1, Given the reversible
nature of byssinosis and other respiratory disorders and
symptoms at the early stages, susceptible individuals
should be identified and placed under increased
surveillance and their exposure to cotton dust should
be eliminated or significantly reduced. Moreover, the
high prevalence of respiratory symptoms and disorders
noted in this study deserve serious attention.

Different genera and species of gram negative
bacteria (Enterobacter agglomerans, Pseudomonas
spp., Citrobacter freundii, and Enterobacter aerogenes)
and fungi (Penicillium, Mucor, Rhizopus, Aspergillus
niger and Aspergillus fumigatus) were isolated and
identified. While some investigators have suggest-
ed that similar organisms are harbored on lint from
cotton grown and harvested from different parts of
United States, and other countries™®!, others™*! believe
that these may vary from one sample to another,
and a large number of samples would be required to
establish a valid generalization regarding the types of
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bacteria commonly present. Rylander and Lundholm™”]
examined the bacterial contamination of various parts
of the cotton plant as well as the baled cotton in several
textile mills. They found that the predominant bacterial
species were Enterobacter agglomerans, Pseudomonas
syringae and Agrobacterium spp. which were found
in about 60% of the cotton samples. They reported
that waste cotton from carding machines contained
up to 10° bacteria/g and that occasionally up to 50%
of them were gram positive. They also examined raw
cotton plant parts and cotton from blending machines
and isolated gram-negative microorganisms such as
Enterobacter agglomerans, Pseudomonas syringae,
Agrobacterium, and occasionally klebsiella, Enterobacter
cloacae, Acinetabacter, Flavobacterium, and other
Pseudomonas. Furthermore, the most widely isolated
fungi were several species of Aspergillus®’. Air borne
respirable fungal species of cotton mills were listed by
Fischer*®. Aspergillus species including niger, glaucus,
and versicolor, Penicillium, Hormodendrum, Fusarium,
Alternaria, and occasionally Rhizopus were the most
isolated germs.

Our findings are qualitatively compatible with those
of other studies in which most contaminants of cotton
dust were reported to be gram negative bacteria™®**”.,
However, quantitatively, airborne concentrations of
bacteria and fungi in this study were lower than those of
Cinkotai et al*”, Lacey et a*”, and Tuffnell et af*". This
is presumably due to unfavorable climate conditions
for rapid growth of bacteria and fungi (lower ambient
temperatures and relative humidity in our studied plant
over the course of study in the winter). Additionally,
fungal and bacterial contaminants of the cotton dust
at species level were not necessarily similar to those
reported from elsewhere of the world.

Inherent limitations of cross sectional studies such
as the present study do not allow a cause and effect
relationship to be established. Therefore, it may be
argued that significant increases in the prevalence of
respiratory symptoms and decrements in the lungs’
functional capacities could not necessarily be linked
with exposure to cotton dust. While true, it should none
the less be noted that a few lines of circumstantial
evidence indicate that these are very likely to be the
direct consequence of exposure to cotton dust and its
biological contaminants. First, none of the exposed
employees had any history of respiratory disorders or
preexisting medical conditions at the beginning of their
employment in the plant or prior to it. Second, the
exposed individuals, apart from cotton dust, did not
have any exposure to chemical agents known to be
pulmonotoxic during the course of their employment
in the plant or prior to it. Third, the prevalence of
respiratory symptoms was significantly higher in the
exposed workers than in the unexposed population.
Fourth, although the exposed subjects performed better
in their pre-shift spirometry test (the test was condu-
cted after a 48 h exposure free period), the difference
between the exposed and unexposed groups remained
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statistically significant. Fifth, after adjusting for potential
confounders significant associations were noted between
exposure and reduced lungs’ functional capacities and
increased prevalence of respiratory symptoms. Sixth,
base line, end of shift and end of season values of PFTs
of the exposed subjects were both significantly lower
than those of referent individuals.

In conclusion, the findings of the present study colle-
ctively indicate that unprotected long term intermittent
seasonal occupational exposure to high concentrations
of cotton dust and its contaminating bioaerosols, even
for a couple of months per year, can be a risk factor
for byssinosis manifested by acute, partially reversible,
and chronic irreversible significant decrements in the
lungs’ functional capacities and increased prevalence of
respiratory symptoms. Additionally, while cotton dust
was contaminated with gram negative bacteria and
fungi, they were not exactly similar to those reported
from elsewhere in the world, Enterobactaer, Altern-
aria tenuis, Aspergillus niger and Fusarium Solanit"'.
Thus, engineering control measures (replacing of old
machines by new ones, work rotation, and installation
of local exhaust ventilation systems), administrative
measures (work rotation and changing the job of
susceptible and reactive individuals), and the use of
appropriate respirators are recommended to eliminate
or reduce the workers’ exposure to this organic dust.
Additionally, the exposed workers should be instructed
to quit smoking. Active rather than common periodic
examinations are recommended to identify reactive
workers to cotton dust prior to developing permanent
irreversible respiratory disorders. Further, longitudinal,
follow up cohort studies with larger sample sizes are
required to further substantiate our findings and provide
corroborative evidence in favor of the notion that long-
term seasonal exposure to high concentrations of cotton
dust in ginning industry is associated with byssinosis,
similar to continuous exposure to this organic dust in
textile industries.
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Background

Some studies in the textile industry have shown that the prevalence rates
of byssinosis and respiratory symptoms in workers who are continuously
exposed to cotton dust are very high. Similarly, significant associations
between exposure to cotton dust and reduced lung functional capacities have
been demonstrated. However, it is not known whether the same is true for
intermittent, seasonal exposure to cotton dust. Ginning process is a seasonal
activity which takes place for a few months per year followed by several
months of exposure free period. Whether this long-term intermittent seasonal
exposure to cotton dust is associated with any acute and/or chronic changes in
the parameters of pulmonary function and increased prevalence of respiratory
symptoms, is not known. Additionally, it is not clear whether bioaerosols

March 28,2016 | Volume 6 | Issuel |



Neghab M et a/. Pulmonotoxicity of long-term exposure to cotton dust

contaminating the cotton are similar in different parts of the world. This study
was undertaken to further address these issues.

Innovations and breakthroughs

Interestingly, the findings of our study demonstrate that even seasonal exposure
to cotton dust, over years, may induce chronic irreversible ventilatory disorders.
Moreover, additional significant cross shift and end of season decrements were
noted in most parameters of pulmonary function of the exposed employees.
However, a relative, but significant, recovery was also evident in the spirograms
of the exposed employees following a short (48 h) exposure-free period,
indicating that exposure to cotton dust is also associated with acute partially
reversible changes in the parameters of pulmonary function.

Applications

Similar to textile industries, in ginning industries also active rather than common
periodic examinations are recommended to identify reactive workers to cotton
dust prior to developing permanent irreversible respiratory disorders.
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The manuscript is well written. The aims are well spelt out and the methodology
is sound. The results are also well tabulated and described followed by
adequate interpretations of the findings in the Discussion.
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Abstract

AIM: To evaluate the role of glutathione S-transferase
P1 (GSTPI) genetic polymorphisms potentially modifying
the association between NO: and asthma/wheeze in
Taiwanese children.

METHODS: We investigated 3714 schoolchildren in
Taiwan Children Health Study from 14 communities.
Children’s information was measured from questionnaire
by parents. The traffic air pollutant was available from
Environmental Protection Administration monitoring
stations.

RESULTS: A two-stage hierarchical model and a mul-
tiple logistic regression model were fitted to estimate the
effects of NO2 exposures and GSTs polymorphisms on
the prevalence of asthma and wheeze. Among children
with GS7P1 Ile/Val or Val/Val genotypes, those residing
in high-NO2 communities had significantly increased
risks of asthma (OR = 1.76, 95%CI: 1.15-2.70), late-
onset asthma (OR = 2.59, 95%CI: 1.24-5.41), active
asthma (OR = 1.93, 95%CI: 1.05-3.57), asthma under
medication (OR = 2.95, 95%CI: 1.37-6.32) and wheeze
(OR = 1.54, 95%CI: 1.09-2.18) when compared with
children in low-NO2 communities. Significant interactions
were noted between ambient NO: and GS7PI on
asthma, late-onset asthma, asthma under medication
and wheeze (P for interaction < 0.05). However, we did
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not find any association with polymorphisms in GS7TM1
and GSTT1.

CONCLUSION: Children under high traffic air pollution
exposure are more susceptible to asthma, especially
among those with GS7P1 Val allele.

Key words: Nitrogen dioxide; GS7P1; Asthma; Wheeze;
Children

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Children under high traffic air pollution ex-
posure are more susceptible to asthma, especially
among those with glutathione S-transferase P1 (GS7PI)
Val allele. This relatively common genetic polymorphism
thus may play an important role in asthma pathogenesis
among children depending on airway oxidative stress
generation.

Tsai CH, Su MW, Lee YL. Interactions between traffic air
pollution and glutathione S-transferase genes on childhood
asthma. World J Respirol 2016; 6(1): 33-41 Available from: URL:
http://www.wjgnet.com/2218-6255/full/v6/i1/33.htm DOI: http:/
dx.doi.org/10.5320/wjr.v6.i1.33

INTRODUCTION

The prevalence of childhood asthma/wheeze has been
increasing around the world™" ™, potentially leading to
increased medical costs and social burden™, Asthma
is a complex, multifactorial disease that includes a
number of environmental and genetic components!®”.
Although gene-environment interactions are likely to
be important in both the etiology and aggravation of
asthma in children, few studies have examined the
interactive associations between childhood exposure
to common air pollutants, such as ambient NO2, and
common genetic polymorphisms that might be involved
in asthma susceptibility.

Traffic-related air pollution, such as ambient nit-
rogen dioxide (NO2), has been demonstrated to incr-
ease risks for childhood asthma™'®! and bronchitic
symptoms**?! and results in diminished pulmonary
function development!***, NO: is a key component
of automobile emissions and is frequently used as an
indicator of exposure to traffic-related air pollution**",
NO: has relatively strong oxidation potential and can
lead to pulmonary epithelial cells injury™®*”. Poly-
morphisms in antioxidative genes are likely to play
important roles in mediating oxidative stress and thus
could influence inflammatory response. Members
of glutathione S-transferases (GSTs) have been ex-
tensively studied for gene-environment interactions,
because of their ability to conjugate hazardous reactive
oxygen species (ROS) with glutathione, and the high
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prevalence of variant alleles®?",

The Taiwan Children Health Study (TCHS) is a
population-based study representing a wide range
of environmental factors and genetic susceptibility.
TCHS offers an opportunity to investigate the potential
contributions of gene-environment interactions to
respiratory health. In the present study, we evaluated
the role of GSTs genetic polymorphisms as potential
modifiers of the association between ambient NOz and
asthma/wheeze in children.

MATERIALS AND METHODS

Study population

We conducted a population-based survey for children’s
health in 2007; the study protocol has been described in
detail previously??, The parents or guardians of each
participating student provided written informed consent
at study entry. Briefly, the TCHS recruited 5082 7" and
8"-grade schoolchildren from 14 diverse communities
that were selected with the aim of maximizing the
variability and minimizing the correlations of exposures
to outdoor pollutants based on historic routine air
monitoring data in Taiwan. We excluded 37 subjects
with active smoking habits in risk factor determination,
due to sample size limitation for stratification analyses.
In this analysis, we randomly selected 3714 seventh-
grade children to provide buccal cells as the DNA re-
source for genotyping. The study protocol was approved
by the institutional review board (National Taiwan
University Hospital Research Ethics Committee).

Questionnaire of asthma phenotypes

The standard questionnaire for childhood exposures
and health status was taken home by students and
answered by parents or guardians. Children were
considered to have asthma if there was a positive
answer to the question “Has a doctor ever diagnosed
this child as having asthma?” Wheeze was defined as
any occurrence of the child’s chest sounding wheezy
or whistling. Early-onset asthma was defined as age
of onset for asthma before 5 years of age. Late-onset
asthma was onset after 5 years of age. Active asthma
was defined as physician-diagnosed asthma with any
asthma-related symptoms or illness in the previous 12
mo. Asthma under medication was defined as use of
any inhaled, oral, or intravenous medication in the past
12 mo.

Traffic air pollution and other covariates

The monitoring data of traffic air pollutant, NOz, are
available from 14 Environmental Protection Admini-
stration monitoring stations in Taiwan. Concentrations of
NO:2 were measured continuously by chemiluminescence
and reported hourly. The yearly averaged concentration
was calculated from the daily (24-h) NO:z in each
community. We used the annual average of ambient
NO: levels from 2005 through 2007 to response the
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Table 1 Primer and probe sequences for GSTP1, GSTM1
and GSTT7 genes variants

Gene Sequence
GSTP1 (lle105Val)
Forward primer 5-CCTGGTGGACATGGTGAATG-3'
Reverse primer 5-TGCTCACATAGTTGGTGTAGATGA-3’
Prob for Ile allele 5'-(VIC)CTGCAAATACGTCTCC-3'
Prob for Val allele 5'-(6FAM)TGCAAATACATCTCCCT-3"
GSTM1
Forward primer 5-GGAAACAAGGTAAAGGAGGAGTGAT-3'
Reverse primer 5-CAAGAATATGTGGGCTGGAACCT-3'
Prob 5-ACGTGAAGCAAAACAG-3
GSTT1
Forward primer 5-GTGGTCCCCAAATCAGATGCT-3’
Reverse primer 5-GCACCCACGGGCTGT-3’
Prob 5"-CCCTGCCCTCACAACC-3’

long-term exposure to traffic air pollution. Community-
level NOz was classified into low and high groups using
a median cutoff. The means of high- and low-NO2 com-
munities were 22.13-ppb and 13.96-ppb respectively.
Basic demographic data and possible confounding
exposures were also collected, including sex, age,
grade, community, dampness at home, in utero expo-
sures to maternal smoking and environmental tobacco
smoke (ETS) at home. Dampness at home was deter-
mined as any one of the following: Visible mould or
perceived mould odor or perceived wet stamps because
of moisture in the ceilings, floors or walls in the house.

DNA collection and genotyping

Genomic DNA was isolated from buccal cells colle-
cted on cotton swabs containing oral mucosa using
phenol/chloroform extraction method. The glutathione
S-transferase P1 (GSTP1) Ilel05Val, GSTM1 null and
GSTT1 null polymorphisms were detected by real-
time polymerase chain reaction using the TagMan
Allelic Discrimination assay on an ABI PRISMTM 7900
Sequence Detector (Applied Biosystems, Foster City,
CA). The details of primer and probe sequences are
presented in Table 1.

Statistical analysis

We used a mixed model approach to estimate the
individual effect of NO2 for community as a random
effect variable. Unconditional multiple logistic regression
models were fitted to estimate the individual effects
of GSTP1, GSTM1 and GSTT1 on asthma phenotypes.
When considering the effects of the variant GSTP1
allele, we used dominant, co-dominant and additive
models. On the basis of a priori consideration, we
included age, sex, family income and parental education
in all models. If estimates of GSTP1 effects on asthma
changed by at least 10% when a covariate was included
in the base models, then the covariate was included
in the final models. The interaction between ambient
NO: level and genotype was assessed by adding an
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interactive term in the logistic regression model, and a
likelihood ratio test was used to test its significance.

Two-stage methods were used to correct for
between-community variances. In the first step, a
logistic regression model was used to estimate the
adjusted logit of disease frequency in each of the 14
communities, controlling for individual-level confoun-
ders. In the second step, these estimated logits
were regressed against the community-specific NO2
measurements using weights that were inversely
proportional to the sum of the between-community
variance and the within-community variance of the
adjusted logits. The association between levels of
traffic-related air pollution and prevalence of asthma
phenotypes were graphically presented by plotting NO2
levels on the X-axis and community-specific adjusted
prevalence on the Y-axis. The regression curves were
drawn through the community-specific prevalence
derived from exponential regression models. All
analyses were conducted using SAS software version 9.1
(SAS Institute, Cary, NC, United States).

RESULTS

A total of 3714 children with genotyping data were
enrolled in this study, after excluding children with active
smoking. The mean age of participants was 12.8 years
and all participants were of Han Chinese ethnic origin
(Table 2). More than half subjects reported presence of
dampness at home, 43.2% had ETS exposure at home,
and only 3.8% had maternal smoking exposure during
pregnancy. The prevalence rates were 7.8%, 2.6% and
12.0% for lifetime asthma, asthma under medication
and wheeze, respectively. The GSTP1 alleles were in
Hardy-Weinberg equilibrium, with 65.5% having the
Ile/Ile genotype and 4.0% the Val/Val genotype.

Table 3 showed the main effects for exposure to
NO2, GSTP1, GSTM1 and GSTT1 genotypes, respe-
ctively. After adjustment for potential confounders,
ambient NO: level tended toward positive associations
with all asthma phenotypes, although none of the
associations were statistically significant. There were
no observed significant genetic effects for any GST
polymorphism.

To assess the role of the GSTP1 gene on the eff-
ects of the NO2 exposure on asthma (Table 4), we
fitted models stratifying subjects by their GSTP1
Ile105Val genotypes. In Ile/Val or Val/Val genotypes,
compared with children exposed in low-NOz2 communi-
ties, those exposed in high-NO2 communities had
significantly increased risks of asthma (OR = 1.76,
95%CI: 1.15-2.70), late-onset asthma (OR = 2.59,
95%CI: 1.24-5.41), active asthma (OR = 1.93,
95%CI: 1.05-3.57), asthma under medication (OR
= 2.95, 95%CI: 1.37-6.32) and wheeze (OR =
1.54, 95%CI: 1.09-2.18). However, there were no
significantly associations between NO: levels on asthma
phenotypes in GSTP1 Ile/Ile genotypes. We also found
significantly interactive effects on asthma, late-onset
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Table 2 Selected characteristics for participants in Taiwan

children health study » (%)

With genotyping All eligible participants

(n =3714) (n = 5045)
Demographic information
Sex
Boys 1820 (49.0) 2436 (48.3)
Girls 1894 (51.0) 2609 (51.7)
Age, yr (mean % SD) 128 0.4 129+ 0.6
Parental education, yr]
<12 2301 (62.0) 3176 (63.5)
13-15 734 (19.8) 956 (19.1)
=16 674 (18.2) 873 (17.4)
Gestational age'
Full term 3318 (90.9) 4461 (90.7)
<4 wk early 236 (6.5) 316 (6.4)
= 4wk early 98 (2.7) 142 (2.9)
Parental history of atopy’
Yes 952 (26.5) 1257 (25.9)
No 2645 (73.5) 3590 (74.1)
Family income'
< 400000 1233 (35.7) 1751 (37.5)
410000-800000 1402 (40.6) 1844 (39.5)
= 810000 822 (23.8) 1072 (23.0)
Number of siblings'
0 346 (9.3) 458 (9.1)
1 1748 (46.9) 2265 (45.0)
2 1229 (33.0) 1697 (33.7)
=3 406 (10.9) 613 (12.2)
Home exposures'
Dampness at home 1915 (51.6) 2610 (51.7)
In utero exposure maternal 141 (3.8) 193 (3.8)
smoking
ETS at home 1597 (43.2) 2246 (44.8)
Respiratory outcomes'
Asthma 289 (7.8) 372 (7.4)
Asthma under medication 95 (2.6) 122 (2.4)
Wheeze 443 (12.0) 583 (11.6)
Early-onset asthma 186 (5.2) 239 (4.9)
Late-onset asthma 95 (2.7) 121 (2.5)
Active asthma 136 (3.7) 168 (3.4)
Genetic markers'
GSTP1
Ile/Ile 2433 (65.5)
Ile/Val 1132 (30.5)
Val/Val 149 (4.0)
GSTM1
Present 1596 (43.0)
Null 2118 (57.0)
GSTT1
Present 1923 (51.8)
Null 1791 (48.2)

"Number of subjects do not add up to total N because of missing data; *New
Taiwan dollars per year ($1 US = $ 33 New Taiwan). ETS: Environmental
tobacco smoke.

asthma, asthma under medication and wheeze (P for
interaction < 0.05). However, there were no significant
relationships between NO: level and GSTM1 and GSTT1
genotypes on asthma and wheeze (Tables 5 and 6).

We also calculated the adjusted community-specific
prevalence of asthma and wheeze, stratified by GSTP1
genotypes (Figure 1). Children with GSTP1 Val allele
had a higher prevalence of asthma if they lived in
communities with higher NO-.
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DISCUSSION

In this study, we found that, overall, children exposed
to ambient NO: level tended toward increased risks on
asthma phenotypes. None of the main effects of the
various GST genotypes were significant, and neither
the GSTM1 nor GSTT1 null polymorphisms showed any
significant modifying effect of ambient NO:z on childhood
asthma. However, in children with GSTP1 Val alleles,
those resided in high-NO2 communities had significantly
increased risks of asthma-related diseases.

Although the genetic main effects of GSTs were
not significant, GSTP1 was noted to modify the effects
of ambient NO2 on childhood asthma. In children
with GSTP1 Val alleles, those resided in high-NO2 com-
munities had significantly increased risks of asthma,
late-onset asthma, active asthma, asthma under medic-
ation and wheeze.

Age, sex, parental education and family income have
been suggested as personal and social confounders
for contributing to asthma and wheeze in childhood.
Exposure to other residential factors, such as number
of siblings, parental atopic history, in utero exposures to
maternal smoking, ETS exposure at home, dampness
at home, gestational age, history of any pets and
air cleaner use were also considered in our survey.
However, some covariates were not includes in the
final model because of less than 10% change in point
estimates in the statistical procedures. One strength
of this study is that we minimized interference from
these confounders by recruiting lifelong non-smokers of
similar age at study entry, and adjusting these potential
confounders by regression models. An additional stren-
gth of the study is that all of the schools were chosen
in the vicinity of monitoring stations. Almost all children
attending their schools generally lived within walking
distance, because the density of middle schools is very
high in Taiwan. Children usually spend at least 8 h in
schools and there are few air-conditions in classrooms.
Outdoor air-pollutants generated by nearby traffic
have been reported to readily penetrate indoors'?!. A
potential weakness of this study is that we did not have
individual exposure measurements for traffic-related air
pollutants, but rather relied on air pollution monitoring
data to represent both school and home exposure.
However, two-stage regressions were used to consider
the community-level and individual-level exposure to
reduce potential ecological bias.

Although not statistically significant as a main
effect, our data suggested that increased exposure to
ambient NO2 was positive related to asthma phenotypes
(Table 3). This is consistent with previous studies,
where NO: levels measured from monitoring stations
were reported to be associated with an increased
incidence of asthma in a Japan cohort™ and with
wheeze prevalence in United States'®”. Gauderman and
coworkers also suggested that residential distance to a
freeway and model-based estimates of freeway traffic-
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Table 3 Association of ambient NO:2 and glutathione S-transferases genotypes with asthma phenotypes

Asthma Early-onset asthma Late-onset asthma Active asthma  Asthma under medication Wheeze
OR 95%ClI OR 95%Cl OR 95%ClI OR 95%ClI OR 95%ClI OR  95%CI

NO: 103 (0.80,1.32) 1.03 (0.76,1.39) 11  (0.72,1.66) 116 (0.82,1.65) 1.33 (0.87,2.03) 1.08 (0.88,1.32)
GSTP1

Co-dominant model

Tle/Ile 1 1 1 1 1 1

Tle/Val 098 (0.75,1.28) 099 (0.71,1.38) 101 (0.64,1.61) 1.01 (0.69,1.49) 0.94 (0.59, 1.49) 1.03 (0.82,1.28)
Val/Val 080 (041,157) 050 (0.18,1.39) 147 (0.62,351) 1.07 (0.45,254) 1.30 (0.50, 3.34) 0.99 (0.59,1.66)
Dominant model

Tle/Ile 1 1 1 1 1 1

Ile/Valor Val/Val 096 (0.74,1.24) 093 (0.68,1.29) 1.07 (0.69,1.66) 1.02 (0.70,1.48) 0.98 (0.63,1.52) 1.02 (0.82,1.27)
Additive model

Val allele 095 (0.76,1.18) 089 (0.67,1.17) 111 (0.78,1.58) 1.02 (0.75,1.39) 1.02 (0.71,1.48) 1.01 (0.85,1.21)
GSTM1

Null 089 (0.69,1.13) 083 (0.62,1.13) 094 (0.62,143) 088 (0.62,1.26) 0.81 (0.54,1.23) 099 (0.81,1.22)
GSTT1

Null 118 (092,151) 129 (0.95175) 1.04 (0.69,158) 143 (1.00,2.03) 147 (0.96,2.23) 116 (0.95,1.42)

Models are adjusted for age, sex, family income, parental education, parental history of atopy, number of siblings, in utero exposures to maternal smoking,
environmental tobacco smoke at home, gestational age and dampness at home.

Table 4 Association of ambient NO: level with asthma phenotypes, stratified by GS7P7 genotypes

GSTP1
lle/lle lle/Val or Val/Val P for interaction
OR 95%ClI OR 95%CI

Asthma
Low NO:2 1 1 0.003
High NO» 0.78 (0.57, 1.06) 1.76 (1.15, 2.70)

Early-onset asthma
Low NO:2 1 1 0.10
High NO2 0.88 (0.60, 1.29) 1.45 (0.86,2.47)

Late-onset asthma
Low NO:2 1 1 0.01
High NO2 0.63 (0.37,1.07) 2.59 (1.24, 5.41)

Active asthma
Low NO2 1 1 0.06
High NO2 0.89 (0.57,1.39) 1.93 (1.05, 3.57)

Asthma under medication
Low NO2 1 1 0.02
High NO2 0.88 (0.52, 1.49) 2.95 (1.37, 6.32)

Wheeze
Low NO2 1 1 0.01
High NO2 0.90 (0.69, 1.16) 1.54 (1.09, 2.18)

Models are adjusted for age, sex, family income, parental education, parental history of atopy, number of siblings, in utero exposures to maternal smoking,
environmental tobacco smoke at home, gestational age and dampness at home.

emission exposure at homes were both associated was positively associated with NOx®*®! and an increase of
with the prevalence of childhood asthma™.. In that 8.79 ppb of ambient NO2z exposure would result in 80%
study each of the traffic metrics was also correlated increase in the prevalence of bronchial symptoms™".
with measured concentrations of NOz, and measured In vitro and experimental human studies have also
NO: was associated with asthma. Other studies with demonstrated that high concentrations of NO2 exposure
direct residential measurement or with exposure can result in cell damage accompanied by release of
assessment models of ambient NO:2 have generally  cytokines™ and may lead to an increase in early and

shown associations with asthma and asthma-related late asthmatic response after challenge with house dust
outcomes among children®®*”1, In Taiwan, we have mite allergen compared with ordinary air*’. Although
previously reported that the risk of childhood asthma low ambient concentration of NOz exposure was usual,
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Table 5 Association of ambient NO: level with asthma phenotypes, stratified by GSTM1 genotypes

GSTM1
Present Null P for interaction
OR 95%Cl OR 95%Cl

Asthma
Low NO:2 1 1 0.87
High NO2 1.11 (0.76, 1.60) 0.98 (0.70, 1.38)

Early-onset asthma
Low NO:2 1 1 0.79
High NO2 1.02 (0.65, 1.59) 1.01 (0.66, 1.54)

Late-onset asthma
Low NO2 1 1 0.68
High NO2 1.33 (0.71, 2.50) 1.02 (0.58,1.78)

Active asthma
Low NO:2 1 1 0.97
High NO2 1.18 (0.69, 2.01) 1.16 (0.72,1.87)

Asthma under medication
Low NO:2 1 1 0.61
High NO: 1.16 (0.62,2.16) 1.50 (0.84, 2.69)

Wheeze
Low NO:2 1 1 0.75
High NO: 1.05 (0.76,1.44) 1.10 (0.84, 1.44)

Models are adjusted for age, sex, family income, parental education, parental history of atopy, number of siblings, in utero exposures to maternal smoking,
environmental tobacco smoke at home, gestational age and dampness at home.

Table 6 Association of ambient NO: level with asthma phenotypes, stratified by GS777 genotypes

GSTT1
Present Null P for interaction
OR 95%Cl OR 95%CI

Asthma
Low NO:2 1 1 0.96
High NO2 1.09 (0.76,1.57) 0.99 (0.70, 1.39)

Early-onset asthma
Low NO2 1 1 0.39
High NO2 1.29 (0.82,2.05) 0.87 (0.58,1.32)

Late-onset asthma
Low NO:2 1 1 0.39
High NO2 0.96 (0.52,1.75) 1.24 (0.69, 2.24)

Active asthma
Low NO2 1 1 0.66
High NO2 1.31 (0.76, 2.28) 1.07 (0.67,1.71)

Asthma under medication
Low NO2 1 1 0.23
High NO2 1.96 (1.00, 3.84) 1.03 (0.59,1.79)

Wheeze
Low NO2 1 1 0.33
High NO2 1.23 (0.91, 1.66) 0.96 (0.73,1.28)

Models are adjusted for age, sex, family income, parental education, parental history of atopy, number of siblings, in utero exposures to maternal
smoking, environmental tobacco smoke at home, gestational age and dampness at home.

the adverse effects of NO2 on respiratory outcomes NO: or other freeway-related pollutants was a significant
were still important in epidemiologic studies®®*", As a risk factor for childhood asthma.
whole, these results indicated that exposure to outdoor In the present study, we identified a statistically
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Figure 1 Community-specific prevalence of asthma phenotypes across ambient NO: levels, stratified by GSTP1 genotypes. A: Asthma; B: Wheeze. Solid
circles and the solid trend line indicate children with lle/Val or Val/Val genotypes and hollow circles with the dashed trend line indicate children with lle/lle genotype.

significant interactive effect between the GSTP1 Val in adults, but GSTs genetic polymorphisms were
allele polymorphism and increased effects of NOz on not significant. The inconsistent results might be the
childhood asthma (Table 4). NO2, a component of different ethnic populations and differential age groups.
ambient air pollution, is an oxidant gas and could lead GSTM1 and GSTT1 genes are two common deletion
to pulmonary epithelial cell injury that contributes to a polymorphisms and they have been related to asthma
variety of diseases, including asthma™®'”), The GSTP1-1 in childrent*®*"?®, Some studies reported that certain

enzyme is a phase II enzyme that participates in the subgroups of children with GSTM1 null genotype were
eliminate ROS by conjugation with glutathione and more susceptible to ozone than others®**’, However,
thus may be an important tissue defense mechanism  we did not identify any other studies that have reported
against oxidative stress™®. GSTP1 is the most common significantly interactive effects between GSTM1,
form of GST found in the respiratory tract lining fluid, GSTT1 and ambient NO2 among childhood asthma®,
representing over 90% of total GST-derived enzyme  consistent with our findings in this report (Tables 5 and
activity in the lung"®*?. Our results suggested that  g),
children carrying GSTP1 Val allele and who have In conclusion, our data showed that the high
exposure to high NO: levels may be at increased risks of  prevalence of childhood asthma was associated with
asthma, because the low GST enzyme activity and high  high concentrations of ambient NO2. Among children
NO:2 levels would increase the oxidant stress in airways with GSTP1 Val alleles, those with high-NO2 exposure
(Figure 1). had significantly increased risks of asthma, late-onset
Thus, our study suggests a gene-environment  asthma, active asthma, asthma under medication and
interaction between the GSTP1 and NO2 exposure with  \heeze, This relatively common genetic polymorphism

individual susceptibility to asthma/wheeze in children. thus may play an important role in asthma pathogenesis
Melen and colleagues also reported that children with among children depending on airway oxidative stress
GSTP1 Ile/Val or Val/Val genotypes had an increased generation.

risk of sensitization to any allergen when exposed to
elevated levels of traffic NOx during the first year of
life?, In a large birth cohort, children carrying GSTP1 ACKNOWLEDGMENTS
minor alleles may constitute a susceptible population
at increased risk of asthma associated with NO:
exposuret!, Previous studies reported that GSTP1
Val/Val genotype and microsomal epoxide hydroxylase
(EPHX1) high activity genotype might contribute
to the occurrence of childhood asthma, especially
among those who lived near major roads or in high-
NO: communities®®***, Castro-Giner et al**® explored
the associations between multiple antioxidant-related Baquround . . -

Ambient traffic-related air pollutants, such as nitrogen dioxide (NO:), have

genetic polymorphisms, NOz and asthma. They only shown adverse respiratory effects in children. Members of glutathione

found an association with NQO1 [NAD(P)H: Quinine S-transferases (GSTs) have been extensively studied for gene-environment
oxidoreductase], traffic-related air pollution and asthma interactions, because of their ability to conjugate hazardous reactive oxygen

We thank all the field workers who supported data
collection, the school administrators and teachers, and
especially the parents and children who participated in
this study.
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species with glutathione. In this study, the authors evaluated the role of GST
genetic polymorphisms potentially modifying the association between NOz and
asthmal/wheeze in Taiwanese children.

Research frontiers

Few studies have explored the interactive associations between traffic-related
air pollution and genetic polymorphisms on childhood asthma. In this study,
the authors identified a statistically significant interactive effect between the
glutathione S-transferase P1 (GSTP1) Val allele polymorphism and increased
effects of NOz on childhood asthma in Han Chinese population.

Innovations and breakthroughs

The authors found that the high prevalence of childhood asthma was
associated with high concentrations of ambient NO2. Among children with
GSTP1 Val alleles, those with high-NO2 exposure had significantly increased
risks of asthma, late-onset asthma, active asthma, asthma under medication
and wheeze. This relatively common genetic polymorphism thus may play an
important role in asthma pathogenesis among children depending on airway
oxidative stress generation.

Applications
This study suggests that children should avoid ambient NO2 exposure to
decrease risks of asthma phenotypes, specifically those with GSTP1 Val alleles.

Peer-review

The article clearly demonstrates the interaction between genetics (genetic
polymorphism) and the environment (level of NOz) in the development of
asthma.
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Abstract

AIM: To research the natural course of idiopathic
pulmonary fibrosis (IPF) with advanced non-small cell
lung cancer (NSCLC) and the association between acute
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exacerbation (AE) of IPF and chemotherapy (CT).

METHODS: From May 2007 through April 2011, 17
CT naive patients with IPF and advanced NSCLC were
enrolled. Patients were classified into best supportive
care (BSC) group or CT group based on the patient's
preference. Patients in the CT group received carbopl-
atin (CBDCA) (AUC 5-6) plus paclitaxel (PTX) (175-200
mg/m?) on day 1 of each 21-d cycle as first-line therapy.

RESULTS: All patients but one chose the CT group. In
the CT group, the objective response rate was 38%.
The most frequent toxicity = grade 3 was neutropenia
(88%). Two patients (12.5%) developed AE-IPF. The
median progression-free survival, the median survival
time and the 1-year survival rate were 4.1 mo, 8.7 mo
and 35%, respectively. Second-line CT-related AE and
CT-unrelated AE occurred in 2 and 3 patients (1: BSC
group; 2: CT group), respectively. Seven (41%) of
all patients developed AE-IPF throughout the clinical
course, and 6 of 7 patients with AE-IPF died within one
month.

CONCLUSION: The incidence of AE-IPF was higher
among IPF patients with advanced NSCLC than among
those without NSCLC. CBDCA plus PTX regimen was
tolerable and effective. However, AE-IPF has a fatal
toxicity with or without CT in IPF patients with advanced
NSCLC.

Key words: Non-small cell lung cancer; Chemotherapy;
Idiopathic pulmonary fibrosis; Acute exacerbation; Best
supportive care

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute exacerbation (AE) of idiopathic pul-
monary fibrosis (IPF) has been generally recognized.
Little is known, however, about the natural history of IPF
and the frequency of AE-IPF with advanced non-small
cell lung cancer (NSCLC). We conducted a prospective
observational study of IPF with advanced NSCLC for
each group of patients receiving chemotherapy or the
best supportive care according to the patient’s prefe-
rence for the purpose of excluding a potential selection
bias by the treating physicians.

Ebi N, Tokunaga S, Itoh K, Okamoto I, Edakuni N, Fujii S,
Watanabe K, Hayashi S, Maeyama T, Nakanishi Y. Multicenter
cooperative observational study of idiopathic pulmonary fibrosis
with non-small cell lung cancer. World J Respirol 2016; 6(1):
42-48 Available from: URL: http://www.wjgnet.com/2218-6255/
full/v6/i1/42.htm DOTI: http://dx.doi.org/10.5320/wjr.v6.i1.42

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is defined as a
specific form of chronic, progressive fibrosing interstitial
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pneumonia of unknown cause by progressive worsening
of dyspnea and lung function and is associated with
a poor prognosis'. The association of IPF and lung
cancer is well recognized and IPF patients have a higher
incidence of lung cancer than the general population,
with relative risks of 7 to 14 being reported™®. Accor-
ding to recent observations, acute exacerbation (AE)
of IPF has increased in some patients with IPF and
occurs in approximately 5%-15% of patients with
IPF annually™*®. AE-IPF often results in respiratory
failure and has a fatal toxicity. The etiology of AE-IPF
is unknown, however, chemotherapy (CT) agents are
considered to be one of various factors associated with
it. There have been only a few retrospective reports
demonstrating that patients with lung cancer and IPF
have a high risk of developing AE after CT. However, it
is unknown how often AE-IPF happens throughout the
natural course of IPF with advanced NSCLC and how
much the frequency of AE-IPF increases due to CT.
Therefore, we conducted a prospective observational
study to research the clinical course of IPF with adv-
anced NSCLC and the association between AE-IPF and
CT.

MATERIALS AND METHODS

Patient population

Patients with histologically and/or cytologically con-
firmed NSCLC and histologically or clinically diagnosed
IPF were eligible for participation in the study. Each
patient had to meet the following criteria: Inoperable
clinical stage 1 or IV, no prior CT, and/or radiotherapy
for the primary site, age 20-74 years, Eastern Coo-
perative Oncology Group performance status (PS) of 0
or 1, estimated life expectancy > 3 mo, adequate organ
functions and partial pressure of arterial oxygen (PaO-)
> 60 mmHg. Main exclusion criteria included active
concomitant malignancy, symptomatic brain metastasis,
heart failure, uncontrolled diabetes mellitus, active
infection, and a past history of drug allergy including
hypersensitivity for polysorbate 80. The diagnosis of
IPF was based on the histologic appearance of usual
interstitial pneumonia (UIP) on surgical lung biopsy™.
In the absence of surgical biopsy, the diagnosis of IPF
was made according to the radiologic pattern on high-
resolution computed tomography (HRCT) such as
predominantly peripheral, subpleural, bibasal reticular
abnormalities with honeycomb cysts and other clinical
data. Patients with unstable IPF, oxygen inhalation
or immunosuppressive drugs such as steroids were
excluded. Patients who did not meet a % vital capacity
(VC) < 60% of the predicted value, % diffusing capacity
for carbon monoxide (DLCO) < 40% of the predicted
value or desaturation < 88% during the 6-min walk test
(6MWT) as poor prognostic factors”! of patients with
IPF were included. The diagnostic criteria for AE-IPF
were as follows™*'!: (1) exacerbation of dyspnea within
1 mo; (2) newly developed diffuse pulmonary opacities
on chest CT and/or a chest X-ray; (3) a decrease in PaO2
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Table 1 Patient characteristics

No. of patients 17
Age (y1)

Median 65

Range 43-74
Sex

Male 16

Female 1
Performance status

0 6

1 11
Stage at enrollment

mA 2

B 5

v 10
Histology

Adenocarcinoma 11

Squamous cell carcinoma b

Non-small cell carcinoma 1
Smoking status

Smoker 16

Non-smoker 1

of more than 10 mmHg under similar conditions; and (4)
the absence of heart failure or infectious lung diseases.
For the purpose of making the diagnosis of AE-IPF fairly
certain, we excluded bacterial pneumonia, pulmonary
embolism, and heart failure by physical examination,
laboratory and culture findings, or echocardiography
as necessary. When the diagnosis of AE-IPF was made,
steroid pulse therapy and/or sivelestat sodium were
actively administered. In this study, AE related to CT
was defined as AE which occurred within three months
after final CT. The diagnosis of IPF and AE-IPF in this
study was confirmed centrally by three independent
respirologists.

This study was performed in accordance with the
principles of the Declaration of Helsinki and the good
clinical practice guidelines. Written informed consent
was obtained from all patients before study entry. This
study was approved by our institutional review board
and trial document approval was obtained from each
participating institution. This study was registered with
the UMIN Clinical Trials Registry (ID: UMIN000015929).

Treatment plan
Patients were classified into best supportive care (BSC)
group or CT group based on the patient’s preference.
Patients in the CT group received carboplatin (CBDCA)
(AUC 5-6) plus paclitaxel (PTX) (175-200 mg/m?)
every 3 wk up to 6 cycles as first-line therapy unless
there was a progression of the disease, an appearance
of intolerable toxicity, or a withdrawal of consent.
Diphenhydramine, a histamine H2 receptor antagonist
and dexamethasone were administered to patients
in the CT group as premedication for prophylaxis of
hypersensitivity reactions to PTX. No prophylaxis with
granulocyte colony-stimulating factors (G-CSF) was
designed.

The incidence of AE-IPF as the clinical course of IPF
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with advanced NSCLC was examined in each group.
Regarding first-line CT (CBDCA plus PTX) defined by
the protocol, the objective response rate (ORR) were
evaluated using the Response Evaluation Criteria in
Solid Tumors guidelines!*” and the toxicity was assessed
according to the National Cancer Institute Common
Toxicity Criteria Version 3.0. Second-line or later CT
was not defined by the protocol, however, the incidence
of AE-IPF for each CT was recorded. To evaluate AE-
IPF, a HRCT scan was performed at least every 2 mo.
The relationship between AE-IPF and the parameters,
including inflammatory markers and lung function, was
compared according to the presence or absence of AE-
IPF. An evaluation of the inflammatory markers and the
lung function test was conducted every 3 mo.

Statistical analysis

We assessed the incidence of AE-IPF as the clinical
course of IPF with advanced NSCLC according to the
presence or absence of CT. The associations between
AE-IPF and pre-enrollment parameters, including
CRP, LDH, KL-6, SP-D, Pa0Oz, %VC, %DLCO, and
desaturation during 6MWT were examined using the
Wilcoxon rank-sum test. The progression-free survival
(PFS) was defined as the period from the start of CT to
an identifiable time for progression. The overall survival
(0S) was defined as the period from the entry of this
study until death by all causes. Survival curves for the
PFS and OS were estimated using the Kaplan-Meier
method. The log-rank test was used for the comparison
of the survival times. The confidence interval for the
response rate was estimated by exact binomial method.
All tests were two-tailed and P values less than 0.05
were considered to be statistically significant. All
statistical analyses were performed using the Stata 11
software program (Stata Corporation, Texas, United
States). The statistical analyses were performed by one
of the authors (Shoji Tokunaga), an expert biomedical
statistician, assuring the standard of biostatistics
required for a clinical research.

RESULTS

Patients’ characteristics

From May 2007 through April 2011, 17 CT naive
patients with IPF and advanced NSCLC were enrolled
in this study. All patients but one chose the CT group.
Their characteristics are shown in Table 1. All patients
were diagnosed with IPF according to the radiologic
pattern on HRCT and other clinical data. All patients
were eligible and assessed the incidence of AE-IPF and
survival. The median age at the time of diagnosis of lung
cancer was 65 years; 16 patients were current or former
smokers and all of the patients were male. There were
10 patients with stage IV disease. The most common
histologic NSCLC subtype was adenocarcinoma.

Treatment safety and efficacy
All of 16 patients in the CT group were assessable for
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Table 2 Main toxicities of chemotherapy

Grade Grade
1 3 4 34 ()
Leukopenia 3 8 2 1 19
Neutropenia' 0 1 8 6 88
Febrile neutropenia 0 0 1 0 6
Anemia® B 2 8 0 19
Thrombocytopenia 8 3 0 0 0
Neuropathy 8 6 0 0 0
Myalgia 2 0 0 0 0
Anorexia 2 3 0 0 0
AST/ALT elevation 3 3 0 0 0

'Seven patients received granulocyte colony-stimulating factors (75 or 100
ug); *One patient with grade 3 anemia required a bloo d transfusion.

Table 3 First-line chemotherapy

CT group (7 = 16)

Tumor response

Complete response 0
Partial response 6
Stable disease 5
Progressive disease 5
Response rate 38%
(95%CI) (15%-65%)

CT: Chemotherapy.

toxicity and tumor response. The toxicities of treatment,
with the exception of AE-IPF, are summarized in Table 2.
Among the hematological toxicities, the most common
toxicity was neutropenia. The grade 3 and 4 neutro-
penia were observed in 8 patients and 6 patients,
respectively, although only one patient developed febrile
neutropenia. Seven patients received G-CSF (75 or 100
ug). One patient with grade 3 anemia required a blood
transfusion. Among the non-hematologic toxicities, the
most common toxicity was grade 2 or less peripheral
neuropathy. The tumor responses of CBDCA plus PTX
are summarized in Table 3. Six patients had partial
responses, 5 had stable diseases and 5 had progressive
diseases. The ORR was 38% (95%CI: 15%-65%). The
median number of treatment cycles administered was 4
(range, 2 to 6) and the average dose administration of
CBDCA plus PTX on the first cycle and the total cycles
were AUC 5.5/190 mg/m?* and AUC 5.3/179 mg/m?,
respectively. The reasons for protocol discontinuation,
with the exception of AE-IPF, were disease progression
(n = 6), second dose reduction (n = 1) and suspected
drug-induced pneumonitis (n = 1). The median PFS,
the median survival time (MST) and the 1-year survival
rate were 4.1 mo, 8.7 mo and 35%, respectively.

Incidence of AE-IPF

Table 4 summarizes the incidence of AE-IPF, which was
observed in 7 (41%) of all patients through the clinical
course. All patients but one chose the CT group. AE-IPF
was observed in one patient in the BSC group and 6 in
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Table 4 Cases of acute exacerbation of idiopathic pulmonary
fibrosis

Period (d)
From registry (last From AE-IPF
chemotherapy) to to death
AE-IPF
A group (n =1) 136 66
B group (n =16)
Case 1 CBDCA/PTX 2 cycles 56 (27) 20
Case 2 CBDCA/PTX 2 cycles 77 (47) 16
Case 3 CBDCA/PTX 3 cycles 124 (101) 6
Case 4 CBDCA/PTX 3 cycles 317 (249) 24
Case 5 CBDCA/PTX 3 cycles
— 2" line PEM 1 cycle 83 (12) 18
Case 6 CBDCA/PTX 3 cycles
— 2" line PEM 4 cycles 583 (14) 8

AE: Acute exacerbation; IPF: Idiopathic pulmonary fibrosis; CBDCA:
Carboplatin; PTX: Plus paclitaxel; PEM: Pemetrexed; DOC: Docetaxel.

Table 5 Pretreatment parameters based on the presence or

absence of an acute exacerbation of idiopathic pulmonary
fibrosis

AE-IPF

+ (=7 -(n = 10) P
CRP (mg/dL) 051 (0.14-15.0) 343 (015-11.1) 077
LDH (IU/L) 191 (132-399) 205 (163-969) 073
KL-6 (U/mL) 603 (285-1373) 683 (381-2340) 056
SP-D (ng/dL) 88.3 (69.1-457) 101 (58.9-139)  1.00
PaO:2 (mmHg) 77.1 (75.0-85.3) 768 (69.0-91.7) 078
%VC (%) 100.1 (83.7-131.1) 83.6 (68.0-115.7)  0.07
%DLCO (%) 58.9 (49.5-78.3) 653 (58.3-922) 025
6MWT: Minimum 93 (90-98) 93 (90-95) 0.77
SpO:2 (%)

Values are expressed as the median (range). 'Wilcoxon rank-sum test. AE-
IPF: Acute exacerbation of idiopathic pulmonary fibrosis; 6MWT: 6-min
walk test.

the CT group. One patient in the BSC group developed
AE-IPF 4 mo after the registry and died 2 mo from AE-
IPF. Patients in the CT group received CBDCA plus PTX.
In cases 1 and 2, AE-IPF developed within 2 mo of
receiving final CT. In cases 3 and 4, AE-IPF developed
beyond 3 mo of receiving final CT. In cases 5 and 6, AE-
IPF developed within one month of receiving second-
line CT. AE-IPF occurred in 2 (12.5%) of 16 patients
who received first-line CT (CBDCA plus PTX). AE related
to second-line CT was observed in 2 patients (1: peme-
trexed; 1: docetaxel). In addition, AE unrelated to CT
was observed in 3 patients, 1 in the BSC group and 2
in the CT group. Six of 7 patients who developed AE-
IPF died of respiratory failure within 1 mo. The MST
according to the absence or presence of AE-IPF was 9.0
and 4.2 mo, respectively (Figure 1).

Table 5 shows the relationship between AE-IPF and
each pre-enrollment parameter, including CRP, LDH,
KL-6, SP-D, Pa0Oz, %VC, %DLCO, and desaturation
during 6MWT. However, none of these factors were
associated with the incidence of AE-IPF.
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Kaplan-Meier plot for survival
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Figure 1 Survival time based on the absence or presence of acute exacerbation of idiopathic pulmonary fibrosis. The median survival time in these
subgroups was 9.0 and 4.2 mo, respectively. AE: Acute exacerbation; IPF: Idiopathic pulmonary fibrosis; MST: Median survival time.

DISCUSSION

To the best of our knowledge, this is the first report to
prospectively observe the clinical course of IPF with
advanced NSCLC. In our study, AE-IPF was observed
in 7 (41%) of all patients during the median 18 mo of
follow-up. AE-IPF has been recognized as a well-known
phenomenon that develops during the natural course
of IPF. Recent placebo-controlled studies reported
that the incidence of AE during the natural course of
IPF was approximately 5%-15% of patients with IPF
annually™****, There have been few reports concerning
AE-IPF following CT. Therefore, we conducted a pros-
pective observational study of IPF with advanced
NSCLC for each group of patients receiving CT or
the BSC according to the patient’s preference for the
purpose of excluding a potential selection bias by the
treating physicians; we found it difficult to ethically
conduct a randomized controlled trial to research the
clinical course of IPF with advanced NSCLC and the
association between AE-IPF and CT. In fact, all patients
but one chose the CT group, despite the explanation
of the potential fatal toxicity due to AE-IPF. AE related
to CT was defined as AE which occurred within three
months after final CT and CT-unrelated AE beyond three
months. AE-IPF occurred in 2 (12.5%) of 16 patients
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who received first-line CT (CBDCA plus PTX). AE related
to second-line CT was observed in 2 patients (1:
pemetrexed; 1: docetaxel). In addition, AE unrelated to
CT was observed in 3 patients, 1 in the BSC group and
2 in the CT group.

Kenmotsu et al''® reported that the incidence of AE
related to CT was higher among the patients with a
UIP pattern than among those with a non-UIP pattern
(30% vs 8%), taken from evidence gleaned from the
HRCT scans for the diagnosis of IPF; nevertheless, AE
related to CT was defined as AE which occurred within
four weeks after final CT"®\. A recent prospective study
for idiopathic interstitial pneumonias with advanced
NSCLC (6 IPF and 12 NSIP patients) showed that the
incidences of AE related to first-line (CBDCA plus PTX)
and second-line CT were 5.6% and 18%, respectively,
and 2 of 6 IPF patients developed AE"”\. The incidence
of AE-IPF was higher among IPF patients with advanced
NSCLC than among those without NSCLC.

In a Japanese case-controlled study, preexisting
ILD was reported to be an independent risk factor
for developing AE"®.. The incidence of AE related to
treatment is considered to be more than AE unrelated
to treatment. Minegishi retrospectively demonstrated
that the incidence of AE for patients receiving CT or
the BSC was 20.0% and 31.3%, respectively, and the
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higher incidence of AE in the BSC group appeared to be
dependent on selection bias based on a poor PS".,

The etiology of AE-IPF is unknown. In this study,
the associations between AE-IPF and pre-enrollment
parameters, including CRP, LDH, KL-6, SP-D, PaO,
%\VC, %DLCO, and desaturation during 6MWT, which
were considered to be markers of IPF progression, were
investigated, however no significant differences between
patients who did and those who did not develop AE-
IPF were observed among these factors. Inflammatory
cytokines induced by CT agents, which are considered
to be one of the causes of AE, worsen inflammation in
the lung tissue®. Without CT, lung cancer has been
reported to produce inflammatory cytokines®, thus
lung cancer itself may be a risk factor of AE, which
might explain the higher incidence of IPF patients with
advanced NSCLC.

CBDCA plus PTX is most widely used as a standard
regimen for advanced NSCLC. A randomized phase
Il study in Japanese patients without IPF reported
that the ORR, median PFS, OS and 1-year survival
rate in CBDCA plus PTX, were 32.4%, 4.5 mo, 12.3
mo and 51.0%, respectively™®. The ORR (38%) and
median PFS (4.1 mo) in this study were comparable
to Japanese phase Il study. However, the MST (8.7
mo) and 1-year survival (35%) would be regarded as
unsatisfactory for patients without IPF. The results of
this study were comparable to the prospective study
by Minegishi™”!, which demonstrated that the ORR,
median PFS, MST and 1-year survival rate were 61%,
5.3 mo, 10.6 mo, and 22%, respectively. The incidence
of neutropenia (grade > 3) in our study was higher
than the data reported by Minegishi and is likely due to
the PTX administration schedule of the PTX plus CBDCA
regimen, in which PTX was administered every 3 wk,
not weekly. Febrile neutropenia was observed in one
patient. Seven patients received G-CSF, which could
lead to pulmonary toxicities'**, however, no patients
developed AE related to G-CSF. Regarding patients
treated with second-line CT, AE occurred in 2 patients
(1: pemetrexed; 1: docetaxel) comparable to the report
by Kenmotsu et a*®. In this study, 6 of 7 patients who
developed AE-IPF died of respiratory failure within one
month. AE-IPF has a fatal toxicity with a poor prognosis,
as observed in previous reports™®.

One major limitation associated with this study
was that all patients were diagnosed with IPF and AE-
IPF according to evidence from the HRCT scans of
the chest and other clinical features. The diagnosis of
IPF and AE-IPF in this study was confirmed centrally
by three independent respirologists. HRCT findings
were consistent with the UIP pattern defined by the
international evidence-based guideline on the diagnosis
and management of IPF?¥, Another major limitation
of this study was the small sample size and that only
one patient chose to receive BSC. This study was
terminated early due to poor accrual. The association of
IPF and lung cancer is well recognized and IPF patients
have a higher incidence of lung cancer than the general
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population. However, a good PS in IPF patients with
advanced NSCLC is limited. In the entry criteria of this
study, %VC, %DLCO, or desaturation during the 6MWT
as poor prognostic factors of patients with IPF were
added to PaO: as normal pulmonary function to prevent
AE-IPF, which might be less easily enrolled. This study
was not a randomized controlled trial, thus all patients
but one chose CT, despite the explanation of potential
fatal toxicity due to AE-IPF. IPF patients with advanced
NSCLC and almost good PS did not wish to receive BSC,
which we considered to reflect the clinical practice, and
thus it was difficult to ethically conduct a randomized
controlled trial to compare CT with BSC.

In conclusion, we showed that the incidence of AE-
IPF was higher among IPF patients with advanced
NSCLC than among those without NSCLC. CBDCA plus
PTX regimen was tolerable and effective even for IPF
patients. However, AE-IPF has a fatal toxicity with or
without regimen in IPF patients with advanced NSCLC.
Our understanding of AE-IPF with advanced NSCLC
is poor. Further studies are required to establish an
optimal treatment plan that is safe and effective for IPF
patients with advanced NSCLC.
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