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Lung cancer surgery is fundamentally a destructive 
operative approach. From pneumonectomy to lobectomy 
and/or sub-lobar resection, the effort is directed towards 
removal of relevant lung tissue in order to preserve more 
functional capacity for the patients. With the lung cancer 
localized in the central region of the lung, a bi-lobectomy 
or even pneumonectomy is traditionally performed. As a 
result, lots of healthy lung distal to the tumor would be 
sacrificed; yet a sleeve resection procedure has emerged 
as another standard treatment of choice with similar 
oncological results, but with much better pulmonary 
reserve. In this particular type of surgery, it is no longer 
considered entirely destructive, but also reconstructive, and 
therefor it comes with the issues concerning technique and 
complications associated with the reconstruction procedure.

 A successful sleeve resection is surgically challenging. 
The keys to success include an accurate preoperative 
configuration of tumor invasiveness and intra-operative 

delicate technique both for resection and reconstruction, 
especially the suturing technique on the bronchial 
anastomosis with major pulmonary vessels nearby. 
Accordingly, a sleeve resection was ranked high on the top 
skill-demanding surgery, and often being done in open 
surgery in the past. In the recently published articles by 
Dr. He’s series (1,2), the technique for sleeve resection has 
evolved from open to hybrid and eventually video assisted 
thoracoscopic surgery (VATS); while the bronchoplasty sites 
varied from bronchus to half carina, and all these operations 
achieved satisfactory perioperative outcomes.

Endoscopic suturing technique is particularly important 
in sleeve resection. It is not uncommon to notice that 
in a thoracic training program, there are very limited 
opportunities for laparoscopic skills, especially the 
endoscopic suturing. In spite of this limitation, the thoracic 
surgeons often use a utility incision on the chest wall which 
allows the space for using traditional instruments; however, 

Editorial

Precise and fast video assisted thoracoscopic bronchial sleeve 
resection

Chia-Chuan Liu1,2
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Abstract: Surgical management for lung cancer is basically a destructive one. The lung parenchyma 
removed is in the balance between the purpose of curative resection and the preservation of patient’s lung 
function. Bronchial sleeve has been alternatively developed to achieve the same purpose, but through a 
different way—to save back healthy lung tissue through reconstruction of the central airway. Sleeve resection 
had been done with open technique for years, and just like the other thoracic operations, has continuously 
evolved into the era of minimally invasive surgery in spite of its difficulty. With rapid advancement and 
availability in technology—high resolution 3-D dynamic chest computed tomography (CT), PET-CT, and 
endobronchial ultrasound (EBUS), these tools are very helpful for us to have more precise tumor staging, 
and suitable for preoperative surgical planning. Under magnified 3-D endoscopic view and modified 
endoscopic suturing method, re-anastomosis of the airway could be easier and quicker, which would facilitate 
this innovative operation to accumulate experience in the not too distant future.

Keywords: Video assisted thoracoscopic surgery (VATS); bronchial sleeve resection
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endoscopic suturing sometimes works very well especially in 
a narrow space, as found in single port technique. Moreover, 
a modified traditional needle holder with extracorporeal ties 
may also work well. The traditional telescopic interrupted 
suturing is feasible and applicable via an open technique 
in the past. With the advanced experience from lung 
transplantation, a continuous suturing is now considered 
as an easier and less time-consuming way of doing the 
bronchial anastomosis as shown in Dr He’s series. Through 
this technique, surgeons no longer need to pass the needle 
into the anastomosis site with so many threads nearby. 
The anastomosis related complications such as leakage 
or stenosis are also low. Another characteristic part of 
bronchial sleeve operation—covering the anastomosis site 
with muscle flap or pedicled pericardial flap, is controversial; 
as some surgeons consider sleeve resections without muscle 
flap are safe even after neoadjuvant therapy (3). The tissue 
glue or mesh is not yet well proven in protecting the 
anastomosis; however, its usage has been applied around the 
anastomosis during operation, and also used for managing 
anastomosis leakage after operation (4).

What have we achieved from transforming an open 
bronchoplastic procedure into a complete VATS technique? 
The benefits are like other VATS procedures for the 
patient, e.g., reduction of trauma and less pain, rapid regain 
of daily activities, and ability to receive adjuvant treatment 
whenever indicated; however, from the oncological point 
of view, a meticulous preoperative staging and a careful 
resection and reconstruction cannot be overemphasized. 
With advancement in technology, a dynamic high-
resolution 3-D CT enables us to do accurate preoperative 
simulation for the patients (5), and an EBUS with magnified 
endoscopic view can detect tumor invasiveness inside the 
tracheobronchial tree before surgery. Many magnified 3-D 
image video systems available on the market would enable 
the surgeons to regain the distance difference lost in the 
traditional 2-D image system—just like the 3-D image 

equipped in a robotic system, but the cost is much lower. 
The total operation time could even been shortened if we 
use continuous suturing and absorbable sealing material 
such as tissue glue, without muscle flap wrapping around 
the anastomosis in selected cases. In summary, VATS 
bronchial sleeve resection could be done with a precise 
surgical planning; and it is possible to shorten the operation 
time with modified instruments and suturing techniques. 
We look forward to anticipate a good long-term oncological 
results and higher utilization rates of this technique within 
the chest surgery society in the future.
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Video-assisted thoracic surgery (VATS) lobectomy has 
become the standard of care for resection of early-stage 
non-small cell lung cancer. The results of nearly all studies 
to date suggest that patients return to work sooner, have 
less postoperative pain, and are able to initiate and complete 
adjuvant therapies more expeditiously, compared with 
open thoracotomy (1,2). It remains an open question how 
often VATS can be routinely applied for several situations, 
including postinduction anatomic resections, bronchial 
sleeve resections, and pulmonary arterioplasties. In this 
paper from the First Affiliated Hospital of Guangzhou 
Medical University, Dr. He and colleagues retrospectively 
report their experience with VATS bronchial sleeve 
resection in 20 highly selected patients. No patient who 
needed a pulmonary arterioplasty was included, and only one 
patient had induction therapy. During the study period of  
22 months, VATS bronchial sleeve resection composed 41% 
of the total number of sleeve resections (n=49) performed. 
The majority of sleeve resections were of the right upper 
lobe (n=11, 55%), with the remaining lobes having at least 
one sleeve resection. 

Like most surgeons who are adopting new surgical 
techniques,  the authors modified their  bronchial 
anastomotic technique from a partial interrupted (n=8, 
40%) to a continuous running approach (n=12, 60%). Not 
surprisingly, there was a decrease in the time it took to 
complete the anastomosis. From a technical perspective, a 
continuous suture approach is the easiest to perform when 
doing the procedure using VATS. This limits the number of 
sutures that need to be tied and significantly decreases the 
tangling of the sutures. The procedure setup is best when 
two separate traction sutures are placed in each cut end 
of the bronchi and exit the chest through separate 3-mm 
stab wounds. This reduces anastomotic tension, perhaps 

the most critical element in creating the anastomosis. I 
favor the use of the Carter Thomason device to grasp and 
remove the ends of the sutures. Once the traction sutures 
are in place, the anastomosis can begin. In the authors’ 
description, it is unclear why the sutures used for the 
interrupted technique were absorbable monofilament, while 
the continuous suture approach used a single nonabsorbable 
suture. We would favor an absorbable monofilament suture 
regardless of approach. It is also not stated how many of 
the bronchial anastomoses were telescoped vs. end-to-end. 
This is an important point, as it is an indirect measure of 
how often there is a significant size discrepancy between the 
bronchi that necessitates a telescoped approach. To decrease 
the incidence of anastomotic stricture formation, I prefer 
to perform an end-to-end approach on nearly all sleeve 
resections, and I find that with thoughtful suture placement, 
this is possible. At the conclusion of the procedure, I 
also perform an intraoperative bronchoscopy to remove 
secretions and inspect the anastomotic integrity and assess 
the diameter of the anastomosis.

The authors had excellent results in this highly selected 
group of patients. There were no early anastomotic 
complications and no conversions to an open procedure. 
The operative times and listed morbidities were also very 
reasonable. No patient had their sleeve reconstruction 
covered with vascularized soft tissue; in cases where 
adjuvant radiation may be considered (i.e., pN2 disease), I 
recommend coverage with a pericardial fat pad flap that is 
easily harvested thoracoscopically.

What is not explicitly stated, but inferred from the paper, 
is who is a good candidate for a VATS bronchial sleeve 
resection. Typically, patients without induction therapy, 
with no need for a pulmonary arterioplasty or double sleeve 
resection, and with a favorable body habitus are the best 

Editorial

Comment on He et al., VATS bronchial sleeve resection

David R. Jones

Thoracic Surgery, Memorial Sloan Kettering Cancer Center, New York, New York, USA

Correspondence to: David R. Jones, MD. Professor & Chief, Thoracic Surgery, Memorial Sloan Kettering Cancer Center, 1275 York Avenue, Box 7, 

New York, NY 10065, USA. Email: jonesd2@mskcc.org.

Submitted Aug 21, 2014. Accepted for publication Sep 12, 2014.

doi: 10.3978/j.issn.2072-1439.2014.10.13

View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2014.10.13



1377Journal of Thoracic Disease, Vol 6, No 10 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1376-1377www.jthoracdis.com

candidates for this approach. There are reports of patients 
who have had a bronchial sleeve resection who have larger 
tumors or have had induction therapy, but these are highly 
selective case reports. 

In conclusion, this is an encouraging report of a selected 
group of patients who had a VATS bronchial sleeve 
resection performed for lung cancer. The operations were 
performed by skilled VATS surgeons, and their outcomes 
were very good. The important points regarding this 
VATS approach, including patient selection, technical 
modifications to facilitate the successful completion of the 
anastomosis, and the use of a continuous suture, are all well 
made by the authors. Future studies will need to continue 
to improve the technical aspects of the procedures (i.e., 
reticulating VATS instruments) and minimally invasive 

techniques to address bronchial size mismatches.
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Prof. Jose Luis López-Campos (Figure 1) is an expert in 
respiratory medicine, pulmonology, chronic obstructive pulmonary 
disease (COPD) and pulmonary rehabilitation. He works as a 
respiratory physician at Virgen del Rocío University Hospital 
and an associate professor of Medicine at Seville University. 
He is also the secretary of the Group 5.2 Monitoring Airway 
Diseases of the European Respiratory Society (ERS). We had 
an interview with Prof. López-Campos during the ERS course 
on “Environmental respiratory diseases” in Guangzhou. In this 
interview, Prof. López-Campos has shared with us the relation 
between environment and COPD, the pharmacological treatment 
and multidimensional approaches for COPD.

JTD: As we know, you have given an impressive lecture in 
the ERS course on “Environmental respiratory diseases”. 
Would you like to share with us about the key points that 
you addressed in your lecture? I think those who could not 
attend this conference will be glad to learn your views via 
our interview.

Prof. López-Campos: In the lecture, my idea was to 
give a global and updated view on the pharmacological 
treatment for COPD. As you know, the Global Initiative 
for Obstructive Lung Disease (GOLD) strategy has 
changed considerably in the last few years. Accordingly, 
the therapeutic approach has also changed with the aim to 
get closer to a more patient-centered medicine. This new 
conception of the disease as a complex multidimensional 
disease makes us consider other variables apart from FEV1. 
It follows that old treatment strategies based on lung 
function will have to change with this new vision of the 
disease.

COPD is a chronic obstructive disease in which long-
acting bronchodilators are the pillar for pharmacological 
treatment. Additionally, inhaled steroids can help 
decreasing the number of exacerbations if not adequately 
controlled by a long-acting bronchodilator. However, once 
the initial treatment has been established the progression 
of this treatment is not so well defined. Intensification of 
treatment depends on which aspect of the disease we need 

to improve: symptoms, lung function or exacerbations. 
Double bronchodilation is the preferred option if we 
want to impact on lung function or chronic symptoms. 
However, inhaled steroids should be use if we want to 
impact on exacerbation rate beyond that achieved by a 
long-acting bronchodilator.

JTD: In this conference, environment is an important 
topic. What do you think of the correlation between 
environment and COPD?

Prof. López-Campos: The relation between environment 
and COPD is extremely important. COPD is a multigenetic 
disease in which many genes participate. The different 
expressions of these genes interplay with the environment 
exposure to cause the final disease phenotype. It is well 
known that tobacco is the main environmental factor 
to develop COPD. However, biomass exposure is also a 
recognized risk factor for COPD. Chronic exposure to 
biomass smoke can also be related with a progressively 
decreased lung function. Different studies are starting to 
investigate on the different clinical expression of COPD 
associated with non-tobacco smoke with some interesting 
findings.
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Prof. Jose Luis López-Campos: effective management of COPD
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JTD: I am quite interested in your article entitled 
“Patient-centered medicine for COPD management: 
multidimensional approaches versus the phenotype-
based medicine”. Would you like to share with us 
about the concepts of patient-centered medicine and 
multidimensional approaches? 

Prof. López-Campos: COPD has been traditionally 
considered a relentlessly progressive disease in which the 
deterioration of lung function is associated with an increase 
in symptoms and exacerbations. However, we now know that 
this paradigm does not reflect the reality of the disease which 
is far more complex. Accordingly several initiatives have been 
established in the last years for a more personalized medicine. 
So far three main approaches have been proposed in order 
to address the complexity of COPD as well as to develop 
appropriate diagnostic, prognostic and therapeutic strategies 
for the disease. These are the use of independent, clinically 
relevant variables, the use of multidimensional indices, and the 
so-called clinical phenotypes. All these three initiatives have 
pros and cons which are reviewed in the article you mention. 
Although these approaches are not perfect, they represent the 
first step towards patient-centered medicine for COPD. In the 
near-future, these different approaches should converge in one 
strategy to focus on the better management of COPD patients.

JTD: And how to achieve the ideal patient-centered goal, 
as we know medicines currently are expensive but probably 
not with good efficacy?

Prof. López-Campos: I have to disagree. Inhaled 
medicines for COPD have proven to have a good efficacy, 
with an adequate safety profile and have also showed to be 
cost-effective. COPD is an expensive disease. However, 
the greatest expenditure associated with the disease is 
not pharmacological treatment, but exacerbations and 
admissions. Interestingly, inhaled treatments for COPD 
decrease exacerbations, and so the reduce the cost associated 
with the disease. In this context, the best way to achieve an 
ideal patient-centered medicine is to consider the clinical 
expression of the particular case we are dealing with and 
modify treatment accordingly. In this strategy several 
key clinical manifestations in which we can impact with 
treatment must be selected to guide treatment.

JTD: For the best of patients, the multidisciplinary therapy is 
getting more and more attention. What do you think of this?

Prof. López-Campos: COPD is a complex disease 
with multisystem consequences.  It  fol lows that a 

multidisciplinary team should provide a better care. Apart 
from pulmonologists, some COPD patients may also benefit 
from rehabilitators and physiotherapist, nutrition specialist 
and several other medical specialties to treat comorbidities 
including cardiovascular and non-cardiovascular. Of especial 
interest is a timely correct psychiatric intervention for those 
patients with anxiety and depression.

JTD: In your presentation, the new medication like 
QVA149, which is a combination of LABA and LAMA, 
seems getting promising outcomes. While many COPD 
patients in Western countries were associated with obesity 
or overweight, could new medication or more treatments 
enhance the cardiovascular risk? And other medication such 
as statins, could bring direct or indirect benefit for patients. 
For such kind of research, could you give some suggestions?

Prof. López-Campos: A LABA-LAMA combination 
is becoming available in several countries. This double 
bronchodilation has shown to improve lung function 
importantly and consequently symptoms. The safety profile 
of these combinations seems to be adequate and no clinical 
trial has yet given any alarm sign. 

Another question is the relationship of nutritional 
abnormalities (under or overweight). We know that 
underweight is a risk factor for mortality in COPD. However, 
obesity is also relevant, since it has been associated with 
decreased lung-function measures in population-based studies. 
Additionally it is a risk factor for several other diseases. It 
follows that a good nutrition scheme is key for a correct 
COPD management and recommendations should be given to 
patients and professional advice should be seek if needed.

The relationship of statins and COPD is a matter of debate. 
There are some articles highlighting the potential role of 
statins in reducing mortality, exacerbations or different clinical 
outcomes. However, the evidence is not consistent. So in my 
opinion this constitutes an interesting line for research.

JTD: Thank you very much!
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Introduction

Lung cancer is the most commonly diagnosed cancer as well 
as the leading cause of cancer-related death. This disease 
accounted for 13% (1.6 million) of total cancer cases and 
18% (1.4 million) of deaths caused by cancer in 2008 (1). 
Squamous-cell lung cancer, one of the most common types 
of lung cancer, typically originates in the large airways 
and represents approximately 20-30% of lung cancer cases 
in recent years (2). The overall survival of early stage 
patients is quite good, but most patients are diagnosed at an 
advanced stage when there are fewer curative opportunities. 
Therefore, early diagnosis is the key to improve patient 
outcomes for squamous-cell lung cancer. 

Tumor markers have been widely applied in cancer 
diagnosis over the last two decades due to convenience, low 
cost, reproducibility and non-invasiveness. Most previous 
studies have focused on tumor marker levels in the serum. 
Here, we studied the expression of several commonly used 
tumor-marker genes in tumor and normal tissues. Squamous-
cell lung cancer and adenocarcinoma are so different from 
each other (3). Therefore, we measured the expression of 
some commonly used tumor markers in squamous-cell lung 
cancer tissues using RNA sequencing (RNA-Seq) to screen 
for genes that may be suitable tumor markers in squamous 
cell lung cancer. We then investigated possible correlations 
between these tumor markers and clinical characteristics.
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Materials and methods

Ethics statement

This study was approved by the Ethics Committee of 
Zhongshan Hospital, Fudan University {Approved No. 
2011-219[2]}. Written informed consent was obtained from 
each patient participating in this study.

Tissue samples and clinicopathological characteristics

Samples were obtained from patients with squamous-cell 
lung cancer who underwent surgical resection between 
September and December, 2012 at Zhongshan Hospital, 
Fudan University, Shanghai, China. Clinicopathological 
characteristics were recorded for all patients. Normal lung 
specimens were resected at least 3 centimeters away from 
the tumor margin, while tumor samples were carefully 
extracted from the center of squamous-cell carcinoma. All 
samples were flash frozen in liquid nitrogen after removal 
and then saved at –80 ℃. Part of each sample was paraffin 
embedded, HE stained and checked by an experienced 
pathologist to make ensure that no cancer cell existed in the 
normal tissues and more than 80% of cells in every tumor 
sample were squamous carcinoma. Finally, five matched pairs 
of normal tissue samples and lung squamous-cell carcinoma 
tissues and another 39 lung squamous-cell carcinoma tissues 
were obtained. These samples were then used in RNA-Seq.

RNA preparation

Total RNA from each sample was extracted with Trizol 
(Invitrogen, Carlsbad, CA, USA), re-dissolved in 
DEPC-treated water and quantified using NanoVue 
Plus spectrophotometry (GE Healthcare, Fairfield, CT, 
USA). RNA integrity was evaluated using agarose gel 
electrophoresis, and DNA contamination was eliminated 
using gDNA Eraser (Takara, Tokyo, Japan) according to the 
manufacturer’s guidelines.

RNA sequencing (RNA-Seq)

The mRNA component of total RNA was converted into 
a library of template molecules suitable for sequencing 
using TruSeq® RNA Sample Preparation Kit v2 (Illumina, 
SanDiego, CA, USA) according to the manufacturer’s 
guidelines. mRNA was purified and fragmented and first 
and second strand cDNA was synthesized. RNA was then 
subjected to end repair, 3' end adenylation, ligation of 

adapters, PCR amplification of cDNA libraries procedure, 
among others. Sequencing was then performed using 
a Genome Analyzer II (Illumina, SanDiego, CA, USA) 
according the manufacturer’s recommendation. Sequence 
analysis was performed using Galaxy software (http://
galaxyproject.org) to calculate the reads per kilobase of exon 
model per million mapped reads (RPKM) of every transcript. 
Then the RPKM of all transcripts from each gene were 
added up to evaluate that gene’s expression. Each sample was 
sequenced twice and the average of the RPKM value of each 
gene was adopted to reflect its expression level.

Statistical analysis

The RPKM data derived from RNA-Seq were analyzed 
using SPSS for windows, version 20 (IBM, Armonk, NY, 
USA). The mean of the RPKM was used to evaluate the 
gene expression level. The expression profiles of tumor 
maker genes in normal samples were compared with 
paired tumor samples using the paired t-test and t-test for 
comparing genes’ expressions between normal and all tumor 
samples. Spearman correlation analysis was used to identify 
correlations between the expression of tumor marker 
gene expression and clinicopathological characteristics, 
and Pearson correlation analysis was used to identify 
correlations between CA125, CYFRA21-1, NSE and SCC.

Results

Patient clinicopathological characteristics

The clinicopathological characteristics of all 44 patients are 
listed in Table 1. All of the patients in our study were male, 
because most squamous-cell lung cancers occur in older 
male patients. Female patients accounted for only 7.8% 
(104/1,320) of squamous-cell lung cancer in our department 
from 2005-1-1 to 2011-12-31. In our study, none of the 
patients were at N3 or M1 stage, because these patients 
were not suitable for radical surgical resection. No patients 
were in stage IV for the same reason.

Expression profiles of commonly used tumor markers

We evaluated 13 commonly used tumor markers, including 
β2M, AFP, AFU, CA125, CA15-3, CEA, CT, CYFRA21-1, 
FER, HE4, NSE, PSA and SCC. Their full names, 
encoding genes and functions are presented in Table 2. We 
listed all encoding genes and expression profiles for tumor 
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markers that are encoded by more than one gene, with the 
exception of CEA. CEA is encoded by a group of genes, 
including at least 12 carcinoembryonic antigen-related cell 
adhesion molecule genes and 11 pregnancy-specific beta-
1-glycoprotein genes, so we listed the four most highly 
expressed genes. The expression of PSA was too low to be 
detected in most of our samples, so it is not listed in Table 3.

The expression of CA125, CYFRA21-1, NSE and 

SCC increased in tumor samples, and there was statistical 
significance in the difference between squamous cell lung 
cancer and normal tissues for these genes. While CEA 
was produced by the co-expression of multiple genes, only 
expression from some of these genes produced statistical 
significance. The expression of β2M and CA15-3 was lower 
in squamous cell carcinoma relative to normal tissues, and 
there was statistical significance in these differences. There 
is no statistical significance in the expression of the other 
tumor markers tested, including AFP, AFU, CT, FER and 
HE4 (Table 3).

Correlation analyses between the expression of four tumor 
marker genes and patient clinicopathological characteristics

We calculated the correlation between the expression of 
four tumor marker genes (CA125, CYFRA21-1, NSE 
and SCC) and patient clinicopathological characteristics, 
including age, smoking status, size of primary tumor, 
condition of regional lymph nodes, differentiation and 
TNM stage. Statistical significance only existed for 
differences in NSE across different T stages.

The expression levels of NSE and SCC tended to 
increase with increasing TNM stage, but changes did not 
reach statistical significance (Table 4). Increasing sample 
numbers may achieve statistical significance, however. 
There were no obvious correlations in the expression 
profiles of CA125, CYFRA21-1, NSE and SCC (Table 5).

Discussion

Lung cancer is the leading cancer site in males and 
accounts for 11% of total female cancer deaths in 
developing countries (1). Squamous-cell lung cancer is 
one of the most common subtypes of lung cancer. Most 
squamous-cell lung cancer occurs in male patients who 
smoke, and this disease is often diagnosed at an advanced 
and inoperable stage (4). Although considerable progress 
has been made in the early diagnosis and treatment of lung 
cancer, outcomes are typically not satisfactory. Because 
most squamous-cell lung cancers originate in the main 
bronchus, they are difficult to detect with imageological 
examination. The evaluation of serum tumor markers 
could provide an important supplementary examination 
method for diagnosis when disease manifestations are not 
obvious and imageological examination is negative (5,6). 
Therefore, there is significant clinical significance for 
the research of serum tumor markers in squamous cell 

Table 1 The clinicopathological characteristics of all 44 patients

Clinicopathological characteristics No.

No. 44

Gender

Male 44

Female 0

Age

≥60 26

<60 18

Smoking status

Yes 23

No 21

Primary tumor

T1 15

T2 19

T3 6

T4 4

Regional lymph nodes

N0 29

N1 8

N2 7

N3 0

Metastasis

M0 44

M1 0

Differentiation

Well differentiated 8

Moderately differentiated 18

Poorly differentiated 18

TNM stage

I 23

II 12

III 9

IV 0
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Table 2 The full names, code genes and functions of common tumor makers 

Name Full name Gene Function

β2M β2-microglobulin B2M The heavy chain of the major histocompatibility 

complex (MHC) class I

AFP α-fetoprotein AFP The fetal counterpart of serum albumin

AFU α-L-fucosidase FUCA1 and FUCA2 A enzyme involved in the degradation of fucose-

containing glycoproteins and glycolipids

CA125 Carbohydrate antigen 125 MUC16 A glycoprotein located in cell membrane

CA15-3 Carbohydrate antigen 15-3 MUC1 A glycoprotein located in cell membrane

CEA Carcinoembryonic antigen A group of CEACAs 

and PSGs

A glycoprotein functioned as immunoglobulin and 

cell adhesion molecule

CT Calcitonin CALCA A hormone involved in the regulation of calcium and 

phosphorus

CYFRA21-1 Cytokeratin 19 fragments KRT19 Fragments of cytokeratins 19

FER Ferritin FTL and FTH1 An intracellular iron storage protein

HE4 Human epididymis protein 4 WFDC2 A protein possibly involved in sperm maturation

NSE Neuron-specific enolase ENO2 An isoenzyme of enolase involved in glycolysis and 

gluconeogenesis

PSA Prostate specific antigen KLK3 A protease present in seminal plasma

SCC Squamous cell carcinoma antigen SERPINB3 A member of the serine protease inhibitors

Table 3 The expression profiles of tumor maker genes in normal samples, paired tumor samples and all tumor samples

Name Gene Normal samples Paired tumor samples P value All tumor samples P value

β2M B2M 3,941±1,259 1,640±604.5 0.015 2,140±1,246 0.004 

AFP AFP 0.151±0.178 0.013±0.013 0.172 0.153±0.439 0.987 

AFU FUCA1 31.46±6.864 17.92±10.12 0.017 20.42±12.87 0.067 

FUCA2 20.85±2.216 14.54±2.294 0.013 21.57±8.795 0.857 

CA125 MUC16 0.562±0.434 1.216±0.714 0.088 2.284±3.915 0.008 

CA15-3 MUC1 475.3±140.7 195.5±334.7 0.200 158.3±194.5 0.001 

CEA CEACAM1 2.138±0.936 5.282±3.849 0.175 7.047±8.263 0.001 

CEACAM5 5.942±4.120 5.804±9.735 0.977 52.15±108.9 0.008 

CEACAM6 116.2±36.66 10.91±14.61 0.007 68.40±119.4 0.382 

CEACAM19 5.622±1.708 8.163±5.586 0.251 7.337±5.705 0.511 

CT CALCA 0.204±0.058 0.187±0.178 0.848 1.621±7.314 0.670 

CYFRA21-1 KRT19 353.0±127.4 1,524±1,158 0.122 2,193±1,883 <0.001 

FER FTL 6,233±1,493 5,866±4,284 0.868 4,555±2,659 0.175 

FTH1 3,923±1,042 3,979±1,371 0.957 3,498±1,769 0.603 

HE4 WFDC2 167.4±73.47 136.2±198.2 0.752 282.7±406.1 0.533 

NSE ENO2 16.73±1.366 36.84±30.54 0.223 39.96±35.33 <0.001 

SCC SERPINB3 0.795±0.844 16.68±15.51 0.076 26.59±47.62 0.001 
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Table 4 The correlation analyses between the expressions of tumor marker genes and the clinicopathological characteristics 

Characteristics No. CA125 P value CYFRA21-1 P value NSE P value SCC P value

Gene MUC16 KRT19 ENO2 SERPINB3

Age 0.176 0.210 0.375 0.213

≥60 26 1.624±3.015 1,898±1,734 43.90±33.51 19.18±42.76

<60 18 3.237±4.775 2,619±2,004 34.27±37.07 37.29±52.04

Smoking status 0.314 0.520 0.700 0.140

Yes 23 2.852±4.119 2,018±1,756 41.93±29.06 36.65±51.38

No 21 1.662±3.577 2,385±1,995 37.80±41.01 15.57±40.35

Primary tumor 0.368 0.274 0.003 0.577

T1 15 1.091±2.662 2,127±1,627 28.36±27.48 15.25±33.28

T2 19 3.039±4.473 2,206±2,186 42.64±34.62 37.33±60.62

T3 6 2.958±3.496 2,157±1,487 46.96±33.21 16.97±27.52

T4 4 2.218±4.438 2,433±1,748 60.23±50.28 32.53±31.55

Regional lymph 

nodes

0.897 0.792 0.288 0.196

N0 29 1.940±3.147 1,960±1,952 37.06±30.68 24.55±41.68

N1 8 1.607±1.717 2,886±1,517 57.54±43.53 20.57±42.28

N2 7 4.486±6.788 2,367±1,750 31.90±36.42 41.93±68.70

Differentiation 0.708 0.207 0.765 0.361

Well differentiated 8 2.588±3.340 1,967±1,664 35.97±28.64 20.97±32.79

Moderately 

differentiated

18 2.414±4.726 1,992±1,583 34.58±30.47 33.57±60.98

Poorly 

differentiated

18 2.019±3.162 2,492±2,186 47.11±40.88 22.11±33.55

TNM stage 0.389 0.757 0.172 0.082

I 23 2.165±2.975 2,186±2,035 34.79±29.56 21.98±40.26

II 12 2.337±3.117 2,432±1,578 44.03±40.92 26.47±40.16

III 9 2.517±6.270 1,892±1,807 47.75±38.54 38.53±67.80

Table 5 The correlation analyses between CA125, CYFRA21-1, NSE and SCC

Name Gene Value CA125 CYFRA21-1 NSE SCC

CA125 MUC16 R 1 –0.212 –0.005 0.182

P 0.167 0.976 0.236

CYFRA21-1 KRT19 R –0.212 1 –0.050 0.134

P 0.167 0.748 0.386

NSE ENO2 R –0.005 –0.050 1 –0.110

P 0.976 0.748 0.475

SCC SERPINB3 R 0.182 0.134 –0.110 1

P 0.236 0.386 0.475
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lung cancer. An elevated level of serum tumor markers 
is typically caused by the level of these tumor markers 
in tumor tissues. In this study we performed RNA-Seq 
on five matched pairs of normal and squamous-cell lung 
cancer tissues and another 39 squamous-cell lung cancer 
tissues. Thirteen commonly used tumor marker genes were 
tested to screen for appropriate tumor markers. Finally, the 
genes encoding CA125, CYFRA21-1, NSE and SCC were 
shown to be expressed at higher levels in tumor than in 
normal tissues. Therefore, they might be suitable as tumor 
markers for screen squamous-cell lung cancer.

SCC has been implicated in tumor growth, and it also 
inhibits the apoptosis of tumor cells (7,8). As a commonly 
used tumor marker, SCC is valuable for the detection 
of many types of squamous cell carcinoma, including 
esophageal, head and neck and lung squamous cell 
carcinoma (9,10). SCC resides in the cytosol of squamous 
cells and is released into the circulation during squamous cell 
carcinoma (11). NSE is widely used in the screening in small 
cell lung cancer (12-14), but its function in squamous cell 
lung cancer has not been clearly studied. NSE as an enzyme 
active in glycolysis, and the rate of glycolysis is extremely 
elevated in tumor proliferation, a phenomenon called the 
“Warburg effect” (15). We also detected that the level of 
NSE was significantly higher in tumors than in normal 
tissues. CYFRA 21-1 is the serum dissolution fragment 
of cytokeratin 19 (CK19), which is expressed exclusively 
in epithelial cells and tumors of epithelial origin (16).  
Previous studies have suggested that CK19 played a part in 
the aggressive behavior of tumor cells and was connected 
with the differentiation and invasion of tumor cells (17). 
Increased serum CYFRA 21-1 is the result not only of 
cytokeratin release as a consequence of cell lysis or necrosis, 
but also of the degradation of cytokeratin filaments by 
activated proteases in tumor cells (18,19). The high level 
of CYFRA21-1 in patients with squamous cell lung cancer 
makes this protein the most sensitive of all of the currently 
studied tumor markers (20). CA125 is also found at a 
high level in ovarian carcinomas and lung cancer (21,22). 
Although previous studies have suggested that tumor 
markers such as CT, Ferritin and HE4 were present at high 
levels in lung cancer (23-25), they were not found to be 
elevated in the tumor tissues from our study.

Most previous studies have focused on the detection of 
tumor markers in the serum. However, few studies have 
investigated tumor markers in tissue and, in particular, 
the expression of their encoding genes. To address this 
shortcoming, we measured the expression of tumor markers 

in tissues in our study. In the 13 tumor markers we tested, 
CA125, CYFRA21-1, NSE and SCC have been commonly 
used in clinical practice for diagnosis or prognosis of 
NSCLC (21,26-28). These tumor markers also express at a 
higher level in tumor samples than in normal samples in our 
study. Our study also supports their use in clinical practice. 
Several studies have demonstrated the use of these tumor 
markers in TNM staging (29-31). We also evaluated any 
correlations between the expression of the encoding genes 
of these tumor markers and patient clinicopathological 
characteristics, but we identified no statistically significant 
differences. We evaluated whether serum levels of these 
tumor markers would increase with increasing tumor 
volume, this being the reason why serum levels for these 
tumor markers can reflect TNM stages. The outcome of 
RNA-seq is an expression of unit volume, however, so it 
may not change with tumor growth.

Squamous cell lung cancer and adenocarcinoma are 
the two most common histologic subtypes of non-small 
cell lung cancer. However, these two subtypes are quite 
different in host susceptibility, clonal evolution, molecular 
evolution and molecular profiling (3). Previous studies 
have suggested that the elevated serum SCC percentage is 
highest in squamous-cell lung cancer, while this percentage 
is substantially lower in other types (32). NSE expression 
is higher in squamous-cell lung cancer with neuroendocrine 
differentiation. The serum CYFRA 21-1 level has been shown 
to be particularly elevated in squamous cell cancers (28). 
CA125 has been shown to be substantially expressed in 
large cell carcinoma and adenocarcinoma, but this protein 
could not be detected in a squamous lung cell line (33). 
Therefore, it is not clear whether or not our study can 
be directly applied to other types of lung cancer, such as 
adenocarcinoma or large cell lung cancer.

RNA-Seq has emerged as a popular high-throughput 
technology in recent years. In this technique, transcript levels 
are quantified in RPKM, which reflects the molar concentration 
of a transcript normalized by the total read number of the 
measurement. This normalization avoids common experimental 
deviations and also facilitates comparisons between multiple 
genes and samples. As such, RNA-Seq is an ideal method for 
global gene expression analysis.

Conclusions

Encoding-gene expression for CA125, CYFRA21-1, NSE 
and SCC was elevating in tumor tissues of squamous-
cell lung cancer, while β2M and CA15-3 were expressed 
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at a lower level in squamous cell lung cancer tissues. PSA 
could not be detected in most samples, and there was no 
significant difference between tumor and normal samples 
for the others tumor markers evaluated in this study, AFP, 
AFU, CEA, CT, FER and HE4. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the 

leading causes of morbidity and mortality worldwide. The 

characteristic feature is progressive airflow limitation related 

to a chronic inflammatory response in the lung (1). Recently, 

epidemiological studies have demonstrated that COPD 

patients manifest an excess of chronic co-morbidities, 
mainly cardiovascular, which are well-known as important 
factors that determine prognosis and functional capabilities 
(2-7). The prevalence of coronary artery diseases and 
heart failure in patients with COPD has been reported to 
be associated with airflow obstruction and the extent of 
emphysema. Moreover, the percentage of cardiovascular-
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related mortality is up to twofold higher than in a matched 
population without COPD (2,3). 

 Aortic aneurysm (AA) is a common and potentially life-
threatening condition. Advanced age and smoking are risk 
factors that connected with COPD as they are for other 
cardiovascular diseases. Some studies reveal that COPD 
is associated with the development of AA and appears to 
convey an added risk of rupture in patients with small 
aneurysms (8,9). Furthermore, in the 4-year Understanding 
Potential Long-Term Impacts on Function with Tiotropium 
(UPLIFT) trial, AA rupture was reported as one of the 
common causes of death as well as myocardial infarction 
and colorectal cancer. That is, the incidence of AA was 
twice or more as frequent as that of pulmonary embolism 
or prostate cancer (10). Together, these previous reports 
suggest that COPD patients, like those with coronary artery 
disease and heart failure, have a comparatively higher risk of 
AA than non-COPD smokers. To determine its prevalence 
and risk factors, we performed the cross-sectional,  
case-control study in a major Japanese medical institution.

Methods

Patient population and study design

We recruited participants from patients who had a prior 
diagnosis of COPD and regularly visited the Department of 
Respiratory Medicine at Kameda Medical Center (Chiba, 
Japan) between April 2011 and March 2012. The inclusion 
criteria were: aged >40 years, a smoking history of at least 
20 pack-year, and a post-bronchodilator forced expiratory 
volume in 1 second (FEV1)/forced vital capacity (FVC) 
ratio <70% at inclusion. In this study, we also included 
patients whose AA was previously diagnosed, but excluded 
patients with a history of lung resection or other significant 
respiratory diseases. Then, finally, 231 patients were 
enrolled and underwent CT scanning of the chest, abdomen 
and pelvis, in addition to the regular COPD workup that 
including physical examination, pulmonary function testing, 
and chest radiographs. 

The presence of AA was diagnosed by one radiologist 
and independently confirmed by two pulmonologists (KA 
and NK) on the basis of CT findings such as its size, length, 
location and shape, etc. Then, we designated 33 patients 
whose AA was documented either by our current CT scans 
(n=27) or former diagnoses (n=6) as “patients with AA (AA 
group)”, and classified the remaining 198 without AA of 
231 patients initially enrolled into a non-AA group. We 
compared both groups’ backgrounds and CT data. The 

study protocol was approved by the ethics committee of 
Kameda Medical Center, and written informed consent was 
obtained from each participant.

Pulmonary function tests

Pulmonary function tests were performed according to 
American Thoracic Society standards, with a Chestac-65V 
(Chest MI Corp, Tokyo, Japan). FEV1 for each patient is 
expressed as a percentage of the predicted value (FEV1 % 
predicted), which was calculated based on reference values 
from the Japanese population (11).

Analyses of CT images

All CT examinations were performed with commercially 
available CT scanners (X-force SH, Toshiba Medical, 
Tokyo, Japan), and non-enhanced CT scans were obtained 
with 5-mm section thickness. The severity of emphysema 
was visually assessed on CT images of the chest by two 
pulmonologists (KA and NK), and its extent, the percentage 
of lung destruction, was classified according to the Goddard 
scoring system (12): score 0, normal; score 1, ≤25% 
affected; score 2, <25% and ≤50% affected; score 3, 50% 
and ≤75% affected; and score 4, >75% affected. Six images 
were analyzed in three slices, which were obtained from  
1 cm above the upper margin of the aortic arch, 1 cm below 
the carina, and 1 cm above the right diaphragm, and a total 
score of six images was calculated in each person. 

Meanwhile, the aortic calcification index (ACI) was 
recently reported as a useful marker for evaluating abdominal 
aortic calcification and in association with the prevalence of 
cardiovascular disease (13-16). To assess ACI, we selected ten 
slices from each patient at 1 cm intervals from the common 
iliac bifurcation upward and calculated the mean percentage 
of the calcification area (divided into 12 sectors). 

Although this index is the accepted method for assessing 
the abdominal artery, it has never been reported for 
evaluating the calcification visible in a chest CT. Then, 
to determine a useful, simple method applicable in 
routine COPD workups, we posited that calcification in 
an abdominal artery resembled that in a thoracic artery. 
Therefore, for each patient, we selected a slice with the 
most severe aortic wall calcification in thoracic artery, 
excluding the aortic arch, and a slice in which the aortic 
arch was longitudinally delineated. ACI (%) measurements 
in the thoracic artery and aortic arch were then recorded. 
When the findings were not agreed upon by consensus 
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between two pulmonologists, the other pulmonologist 
finally determined its severity.

Statistical analyses

We used the Chi-squared test, paired t-test or Mann-Whitney 
test, as appropriate, to compare the two groups of patients. 
All data were subjected to Spearman’s rank correlation 
analysis. To determine independent factors associated with 
AA, we used logistic regression multivariable analysis. We 
also analyzed Akaike’s information criterion (AIC), which is 
a statistical value known to provide a superior fit, to obtain 
the most appropriate cut-off level (17,18). A smaller AIC 
value indicated a more reliable model for predicting the 
existence of AA. These analyses were performed with SPSS 
Version 21. Data were expressed as means with standard 
deviations (SD). For all statistical analyses, a P value less 
than 0.05 was considered significant. 

Results

Baseline characteristics 

The mean age was 73.3 years (8.7) among the patients, of 

whom 94% were men, and 14% were current smokers. 
The mean FEV1 was 1.86 liters (83.7% of the predicted 
value), and patients whose COPD was classified as stage I, 
II, III, or IV, according to criteria of the GOLD guideline, 
comprised 59%, 26%, 13% and 2% of patients, respectively. 
The mean points of Goddard classification for lung damage 
were 7.4 (6.0). Of the 238 patients, 120 (52%) were given a 
long-acting inhaled muscarine receptor antagonist (LAMA); 
91 (39%) received a long-acting inhaled β2-agonist (LABA), 
for 89 (39%) a corticosteroid inhalant was administered, 
76 (33%) had a theophylline compound, and 28 (12%) 
received oxygen supplementation. As for co-morbidities, 
on the other hand, 149 patients (65%) had hypertension,  
68 (29%) had hyperlipidemia, 42 (18%) had diabetes 
mellitus, 58 (24%) had cardiovascular disease other than 
AA, and 16 (7%) had cerebrovascular disease. 

In six patients, abdominal AA had already been diagnosed 
and a repair operation was performed before this study. 
Meanwhile, our CT screening newly detected AA in  
27 patients (Table 1), of whom 5 had thoracic AA, 18 had 
abdominal AA, 2 had common iliac AA, 1 had both thoracic 
and abdominal AA, and 1 had both abdominal and common 
iliac AA. Of 33 patients in this overall AA group, the maximal 
aortic diameter of 18 patients (55%) was less than 4 cm; 
another 7 (21%) had 4 to 5.5 cm, and 6 (18%) had more 
than 5.5 cm. Two patients whose AA was detected in our CT 
screening and who manifested an aortic diameter more than 
5.5 cm underwent a repair operation after this study.

ACI in thoracic artery

To assess the reliability of ACI in aortic arch and thoracic 
artery, we correlated those values with that of the previously 
established ACI in an abdominal artery (Figure 1). Indices 
for the current patients had strongly positive correlations 
with ACI in abdominal artery (ACI in aortic arch; r=0.709, 
P<0.001: ACI in thoracic artery; r=0.706, P<0.001). 

Patients’ characteristics associated with AA

Comparisons of patients’ characteristics between the AA 
group (n=33) and non-AA group (n=198) designated here 
are shown in Table 2. The AA group were older (77.9 vs.  
72.5 years, P<0.001), had a more excessive smoking status 
(pack-year, 77.4 vs. 63.8, P=0.032), higher Goddard score 
(10.8 vs. 7.1, P<0.001), elevated ACI in aortic arch, thoracic 
and abdominal arteries (26.0% vs. 12.2%, P<0.001; 28.5% 
vs. 12.1%, P<0.001; 24.9% vs. 17.6%, P=0.005, respectively) 

Table 1 Status of aortic aneurysm in the enrolled patients

Variables
Diagnosed before this 

study (n=6) [%]

Diagnosed in this 

study (n=27) [%]

With a history of 

repair operation

6 [100] 2 [7]

Site

Thoracic artery 0 6 [22]*

Abdominal artery 6 [100] 20 [74]*

Iliac artery 0 3 [11]*

Maximum aortic 

diameter

<4 cm 0 18 [67]

4-5.5 cm 0 7 [26]

>5.5 cm 2 [33] 2 [7]

Unknown 4 [67]** 0

*, two patients had aortic aneurysm (AA) detected at different 

sites; one in abdominal and thoracic arteries, and the other 

in abdominal and common iliac arteries; **, four patients 

were whose a repair operation was performed before this 

study and we could not identify the aortic diameter in detail.
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and far greater proportion of patients with cardiovascular 
disease (55% vs. 19%, P<0.001). Additionally, the AA group 
had a lower overall value for FEV1 (1.58 vs. 1.90 liters, 
P=0.012) and FEV1/FVC (49.2% vs. 53.9%, P=0.035) 
than the non-AA group. Gender, body mass index,  
co-morbidities except for cardiovascular disease, FEV1 % 
predicted, and proportions of patients who were classified 
according to GOLD guideline were similar for both groups. 

In contrast, however, age correlated negatively with body 
mass index (r=–0.184, P=0.005), FVC (r=–0.427, P<0.001), 
FEV1 (r=–0.341, P<0.001) and FEV1/FVC (r=–0.138, 
P=0.036), although greater age correlated positively with 
aortic calcification (P<0.001). Smoking status was also risk 
factor in both COPD and AA, and it correlated with aortic 
calcification as well as the FEV1 % predicted and LAA (data 
not shown). Accordingly, our univariate analysis detected 
several characteristics of COPD shared with AA, but the 
influence of age differed notably between these two groups 
of patients. 

Comparison of subjects with equivalent age

Based on our results, age was one of the most important 
factors contributing to AA in all patients with COPD. 
Accordingly, we next examined the clinical characteristics in 
individuals from both groups of comparable ages. 

The ages yielding a 95% confidence interval (CI) in 
patients with AA was 75.8 to 80.1 years (range, 62-88 years). 
Therefore, we selected subjects of 76-80 years; 15 patients 
in AA group (78.5±1.1 years) and 41 patients in non-AA 
group (78.1±1.3 years) and compared data for the two groups 
(Table 2). As a result, Goddard scores and ACI in aortic arch 

and thoracic artery were higher in the AA group than in 
the non-AA group (Goddard score; 11.2 vs. 7.2, P=0.045: 
ACI in aortic arch; 30.0% vs. 15.2%, P=0.001: ACI in 
thoracic artery; 36.1% vs. 14.0%, P<0.001). However, FEV1 
was not significantly different (1.54 vs. 1.70 L, P=0.287;  
% predicted, 75.3% vs. 83.0%, P=0.292) in these two 
groups. In the multivariate analysis among those three 
significant parameters (data not shown), on the other hand, 
the two factors that were independently associated with the 
existence of AA were ACI in the thoracic artery [odds ratio 
(OR), 1.87; 95% CI, 1.08 to 3.25; P=0.026] and LAA (OR, 
1.14; 95% CI, 1.01 to 1.28; P=0.033). However, ACI in 
aortic arch did not prove to be statistically significant (OR, 
0.98; 95% CI, 0.51 to 1.86; P=0.943).

From those results, we plotted patients’ data according to 
ACI in the thoracic artery and Goddard scores, followed by 
calculating AIC to determine the most appropriate cut-off 
level (Figure 2). As a result, the smallest AIC value for the 
most appropriate cut-off levels of ACI in thoracic artery and 
Goddard scores were 25.0% and 9 (AIC =–9.14 and –5.31), 
respectively. Of 28 patients with Goddard score ≤9 and ACI 
≤25.0%, only one patient had AA (3.6%), constituting a 
significantly lower prevalence in patients with low scores, 
i.e., Goddard score >9 or ACI >25.0% (50.0%, P<0.001).

Finally, to determine whether patients with COPD have 
a higher risk of AA than controls who are matched in age 
(76.8±4.5 years) and smoking status (packs/year, 87.3±22.7), 
we performed CT screening for 27 participants without 
COPD (Table 2). However, we did not detect AA in any of 
the latter participants (0%). Although the number of our 
control subjects was small, clearly the prevalence of AA 
in patients with COPD reached a statistically significant 

Figure 1 Correlation of ACI in the chest CT with that in the abdominal artery. ACI in both the aortic arch (A) and thoracic artery (B) 
correlated strongly with that previously established for the abdominal artery. (ACI in aortic arch; r=0.709, P<0.001; ACI in thoracic artery; 
r=0.706, P<0.001). ACI, aortic calcification index; CT, computed tomography.
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higher level than in our control group without COPD 
(P=0.002).

Discussion

In our prospective CT evaluation, we demonstrated 
for the first time the prevalence of AA and the specific 
characteristics of patients with AA among those who are 
afflicted with COPD. We found that (I) 33 of 231 COPD 
patients (14.3%) newly or previously diagnosed with 
AA represented a greater general prevalence of AA than 
previously reported (1-2%) [19]; (II) The age of 95% CI in 
the AA group was 75.8 to 80.1 years, and the prevalence of 
AA in patients of those ages was 26.8% (15 in 56 patients); 
(III) Comparison between those with COPD and separated 
into AA and non-AA groups of equivalent age indicated 
that LAA and ACI values evaluated by chest CT were 
higher in the AA group than those of the non-AA group, 
but FEV1 was not significantly different. Accordingly, our 
data indicate that COPD patients over 75 years of age have 
a high prevalence of AA and that severe lung destruction 
as well as aortic wall calcification is a risk factor for the 
acquisition of AA in these patients. Our data suggest that 
abdominal screening in addition to the routine COPD 
workup is a valuable asset in detecting AA early in the 
disease course of such patients and in averting AA-related 
adverse events. 

AA involves the progressive dilatation of the aorta leading 
to a likelihood of tearing and high mortality rate typically 
associated with advanced age and atherosclerosis (19). 
Currently, the development of imaging mass spectrometry 

has elucidated the pathogenesis of AA. Tanaka et al. 
described adventitial stenosis and intimal hyperplasia of 
the vaso vasorum (VV) with the accumulation of abnormal 
lipid molecules in the AA sac and demonstrated that, in 
this state, the aortic wall of the AA sac was ischemic and 
hypoxic (20). That is an important risk factor for AA such as 
aging and smoking affect VV circulation ultimately causing 
the progression of AA (19,20). The systemic inflammation 
and hypoxic condition in COPD may also promote the 
contribution of abnormal VV circulation to AA.

Additionally, COPD shares these risk factors. Patients with 
AA had a higher prevalence of airway obstruction than age-
matched control or patients with coronary artery disease (21). 
 In an UPLIFT trial, furthermore, AA rupture was one of 
the common causes of death in spite of the fact that AA was 
not detected as a major co-morbidity (10). Our study also 
demonstrated that COPD patients, especially those who are 
over 75 years old, are at a higher risk of AA development 
than those without COPD or other cardiovascular  
co-morbidities. That is, these data suggest that a high 
degree of under-recognition of AA is likely in patients with 
COPD. Meanwhile, some epidemiologic studies suggest 
that diabetes is independently associated with a decreased 
rate of AA (22,23), but the proportion of patients with 
diabetes was not different between AA and non-AA group 
in our population. Whether this point is characteristic of 
patients with COPD remains unclear, we should re-evaluate 
it prospectively in multiple centers.

Here, ACI evaluation in chest CTs appeared to be a useful 
indicator for predicting the presence of AA in COPD patients. 
Most individuals aged >60 years have progressively enlarging 

Figure 2 Relationship between ACI and Goddard score in patients 76-80 years-old [with (○) or without (●) an aortic aneurysm]. The 
Goddard score of nine (A) and ACI in the thoracic artery of 25.0% (B) were determined by AIC analysis (AIC =–5.31 and –9.14; respectively) 
to identify the most appropriate cut-off levels for discriminating between AA and non-AA groups. Broken lines indicate cut off levels of 
Goddard score (9) and ACI in the thoracic artery (25.0%). Of 28 patients with a Goddard score ≤9 and ACI ≤25.0%, only one patient had 
AA (3.6%), which indicated a significantly lower prevalence than in patients with Goddard score >9 or ACI >25.0% (50.0%, P<0.001). ACI, 
aortic calcification index; AIC, Akaike’s information criterion; AA, aortic aneurysm.
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deposits of calcium mineral in their major arteries (24).  
This vascular calcification reduces aortic and arterial 
elastance, which impairs cardiovascular hemodynamics; 
therefore ACI has been described as a valuable predictor of 
coronary heart disease (25,26). Methods for ACI evaluation 
have been reported, and those scores are independent 
factors for judgments on cardiovascular events (15,16,27). 
We assessed the aortic calcification in thoracic artery using 
ACI and confirmed its strong correlation with those scores 
previously reported (15,16). Accordingly, our data suggest 
that chest CT provides a good gauge of aortic calcification 
and cardiovascular risk. 

This study had some limitations. First, the subjects in 
this study were located at a single center, and their number 
was smaller than in epidemiological studies. That is, we 
could not evaluate the interaction of LDL-C levels and 
statins, and the impact of the hypertensive medication 
such as beta-clockers and Losartan. However, our data were 
evaluated with state-of-the-art statistics and in correlation 
with previously established methods. Second, we did not 
assess the cost-effectiveness for detecting AA early in COPD 
patients. Because the incidence of AA is comparatively lower 
than other for cardiovascular diseases, the cost-effectiveness 
and indications for use should be evaluated. Finally, we 
considered that systemic inflammation in COPD could 
relate to the pathogenesis of AA, but we did not assess the 
systemic inflammatory markers (28). In addition, since 
our AA group included patients whose AA was previously 
diagnosed, there was a possibility that it caused a selection 
bias, and so the population was not representative from 
patients with COPD population and the prevalence was 
overestimated. Accordingly, our data including these points 
should be re-evaluated prospectively in multiple centers. 

Conclusions

Our analysis revealed that the prevalence of AA is high in 
patients with COPD, suggesting a high degree of under-
recognition of AA. Especially in patients with severe lung 
destruction and aortic calcification verifiable by chest CT, 
its prevalence is high and abdominal CT would be beneficial 
for detecting AA. 
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Introduction

Lung cancer, one of the most frequent malignancies in 
the world, is rapidly becoming the main cause of cancer-
related death nowadays (1). During the past decade, its 
incidence has been quickly increasing and age at diagnosis 
keeps decreasing (2,3). Many studies have suggested that 
lung cancer in young patients may constitute an entity 

with distinct clinicopathologic characteristics, which is 
common in non-smoker and female patients, and presents 
a predominance of adenocarcinoma, the advanced stage 
at diagnosis and thus a generally poor prognosis (4,5). 
However, it is still controversial whether younger patients 
with lung cancer have better or worse outcomes compared 
with the older counterparts (6-8).

Recent advances in translational research has enabled the 
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classification of non-small cell lung cancer (NSCLC) into 
various molecular subsets defined by the so-called “driver 
mutations”, each with distinct clinicopathologic features as 
well as potential opportunities for targeted therapies (9).  
With the development of molecular targeted agents, 
currently about 15% of NSCLC patients benefit from the 
more personalized treatment protocols based on the genetic 
background of the tumor (10). For example, EGFR tyrosine 
kinase inhibitors (TKIs) such as Gefitinib and Erlotinib have 
been developed, and a subset of patients show significant 
therapeutic responses to this treatment, which was 
subsequently revealed to be associated with a mutation (11).  
In 2007, some patients who had ALK rearrangements were 
found to have similar remarkable responses to crizotinib, an 
ALK inhibitor (12). Other well-identified driver mutations 
in NSCLC include mutations in KRAS, HER2, BRAF, 
MEK, ERK and AKT1, as well as ALK and RET fusions, 
for which there are some novel oral TKIs in development 
(9,13,14). Noticeably, these oncogenes are frequently found 
in lung adenocarcinoma. On the other hand, mutations in 
tumor suppressor genes including TP53 and LKB1, which 
are also frequently seen in lung cancer, have been revealed 
to contribute to the pathogenesis of NSCLC as well (15-17).  
However, whether the youthful lung cancer has the 
exclusively distinct molecular features has not been well 
investigated.

Given the huge disease burden on public health due to 
the lung cancer in young patients, identifying its molecular 
and clinicopathologic features and thus making an 
appropriate treatment strategy is urgently necessary. In this 
study, we performed a comprehensive analysis of mutations 
in oncogenes and tumor suppressor genes in 36 Chinese 
young patients who were under 40 years old (including 40) 
from a single institution with surgically resected specimens. 
Moreover, we investigated the potential factors accounting 
for the early onset of lung cancer through comparing the 
molecular and clinicopathologic features with those of the 
older patients.

Materials and methods

Specimen collection

From October 2007 to November 2012, we consecutively 
collected lung tumor specimens resected with curative 
intent at Department of Thoracic Surgery in Fudan 
University Shanghai Cancer Center. Samples were snap-
frozen in liquid nitrogen at the time of resection and stored 

at –80 ℃ until use. All cases were reviewed by pathologists 
for confirmation of tumor histology and tumor content. 
Subjects eligible in this study had to meet the following 
criteria: pathologically confirmed lung adenocarcinoma 
and sufficient tissue for comprehensive mutational analyses. 
This research was approved by the Institutional Review 
Board of Fudan University, Shanghai Cancer Center. 
Written informed consent was obtained from all patients. 

Mutation analyses

RNA was extracted as per standard protocol after frozen 
tumor specimens were dissected into TRIzol (Invitrogen). 
Total RNA samples were reverse transcribed into single-
stranded cDNA. EGFR (exons 18-22), KRAS (exons 
2-3), HER2 (exons 18-21), BRAF (exons 11-15), AKT1 
(exon 2), TP53 (exons 1-11) and LKB1 (exons 1-10) 
were amplified by reverse transcriptase polymerase chain 
reaction (rtPCR) using cDNA and directly sequenced. We 
examined the ALK and RET fusions using the rtPCR plus 
quantitative real-time PCR strategy, with validation using 
immunohistochemistry and fluorescent in situ hybridization 
(FISH) assays, which have been recently described (18,19). 
All PCR products were directly sequenced in forward and 
reverse directions. All mutations were verified by analysis of 
an independent PCR isolate.

Clinicopathologic variables

Clinicopathologic variables collected for analyses included 
gender, age at diagnosis, pathologic tumor-node-metastasis 
(pTNM) stage, tumor differentiation, family history, 
smoking status and histologic subtypes of adenocarcinoma 
according to the new IASLC/ATS/ERS multidisciplinary 
classification of lung adenocarcinoma (20). pTNM stages 
were evaluated in accordance with the seventh edition of 
the lung cancer staging classification system (21). Patients 
under 40 years old (including 40) were defined as the 
younger group and patients above 40 years old were defined 
as the older group.

Follow-up 

The follow-up period was 4 months after surgery. The 
enhanced chest computed tomography (CT) scan and 
abdominal ultrasonography were performed every  
4 months, while brain magnetic resonance imaging (MRI) 
and bone scanning were required every 6-8 months. If tumor 
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recurrence or metastasis was suspected, the pathological 
evaluation was conducted if possible. The follow-up 
methods included the outpatient clinic registration and 
telephone contact.

Statistical analysis

The Pearson’s chi-squared test and Fisher’s exact test were 
used to analyze the mutational status and clinicopathologic 
features between the two groups. Overall survival (OS) was 
measured from the date of operation until the date of death 
from lung cancer or the date last seen alive. Those who died 
from other causes were censored at the date of death. The 
survival curves of OS were estimated by the Kaplan-Meier 
method. Differences in survival between the two groups 
were assessed by the log-rank test. All the statistical analyses 
were conducted in the SPSS 16.0 for Windows (SPSS Inc., 
Chicago, IL, USA). P values were two tailed for all the tests. 
P<0.05 was considered statistically significant.

Results

From October 2007 to November 2012, we consecutively 
collected a total of 2,676 resected lung cancer specimens. 
Corresponding clinical and pathological materials were 
procured as a database. According to the criteria, 36 lung 
adenocarinoma cases were enrolled in the younger group. 
Besides, 87 adenocarcinoma cases in which patients were 
older than 40 years old were consecutively collected as the 
older group during January 2008 to June 2010. 

Clinicopathologic characteristics in the younger group and 
comparison with the older counterparts

In the younger group, there were 15 male and 21 female 
patients. Seven smokers and 29 non-smokers were identified. 
The mean age was 34.53±4.63 years old. Three patients had 
a family history of lung cancer and 7 patients had a family 
history of other malignancies. Surgical resections including  
27 lobectomies, 8 wedge resections and 1 pneumonectomy 
were carried out  for  the younger pat ients .  Final 
pathological results showed 3 adenocarcinomas in situ (AIS),  
3 minimal invasive adenocarcinomas (MIA) and 30 invasive 
adenocarcinomas (invasive AD). And 18 IAs, 3 IBs, 1 IIA,  
1 IIB, 12 IIAs and 1 IV were finally identified. When compared 
with these clinicopathologic characteristics in the older group, 
more early adenocarcinomas (P=0.033), more wedge resections 
(P<0.001) and fewer smokers (P=0.004) were seen (Table 1). 

Molecular characteristics in the younger group and 
comparison with those in the older group

Nineteen EGFR mutations (52.8%), 3 KRAS mutations 
(8.3%), 2 EML4-ALK fusions (5.6%) and 1 KIF5b-RET 

Table 1 Clinicopathologic characteristics of subjects in the two 
groups

Parameters
The younger 

group (N=36)

The older 

group (N=87)
P value

Age (yr) [range] 34.53±4.63 

[22-40]

59.25±9.20 

[42-79]

0.000

Gender 0.173

Male 15 48

Female 21 39

Surgical resection 0.000

Lobectomy 27 86

Wedge resection 8 1

Pneumonectomy 1 0

Pathological subtype 0.033

AIS* 3 1

MIA§ 3 2

Invasive AD ※ 30 84

Differentiation 0.171

Well 7 26

Moderate 15 41

Poor 14 20

pTNM stage 0.423

IA 18 29

IB 3 9

IIA 1 10

IIB 1 6

IIIA 12 31

IV 1 2

Family history of cancer 0.912

Lung cancer 3 6

Other malignancies 7 15

None 26 66

Smoking status 0.004

Smoker 7 41

Non-smoker 29 46

*, adenocarcinoma in situ; §, minimal invasive adenocarcinoma; 
※ , invasive adenocarcinoma; AIS, adenocarcinomas in situ; MIA, 

minimal invasive adenocarcinomas; AD, adenocarcinomas.
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fusion (2.8%) were identified in the younger group, while 
55 EGFR mutations (63.2%), 3 KRAS mutations (3.4%),  
4 EML4-ALK fusion (4.6%), 1 CCDC6-RET fusion 
(1.1%), 2 HER2 mutation (2.3%) and 3 BRAF mutations 
(3.4%) were found in the older group. The difference 
of oncogenic mutations between the two groups was 
statistically insignificant (P=0.396) (Figure 1). Among the  
19 EGFR mutations in the younger group, there were 
14 exon 19 deletions, 1 exon 20 insertions and 4 exon  
21 missense mutations. The difference of EGFR mutation 
between the two groups was also insignificant (P=0.133) 
(Table 2).

In addition, we evaluated mutations in tumor suppressor 
genes between the two groups. We found 26 TP53 
mutations (72.2%) and 4 LKB1 mutations (11.1%) in young 
patients. When compared with these old patients, young 
patients showed a higher prevalence of TP53 mutations 
(P<0.001) and a comparable prevalence of LKB1 mutations 
(P=0.951) (Figures 2 and 3).

OS between the two groups

In the younger group, the median follow-up time was 
14.15±11.77 months (range, 1-48.2 months), and the mean 
survival time was 40.39±3.94 months (95% CI: 32.66-48.11). 

In the older group, the median follow-up time was 31.20±1.21 
months (range, 0.60-56.50 months), and the mean survival 
time was 45.57±2.44 months (95% CI: 40.79-50.35). There 
was no difference in the OS time between the two groups 
(P=0.942) (Figure 4).

The younger group The older group

P=0.396

Figure 1 Oncogenic mutation analysis between the younger group and the older group.

Figure 2 Mutational analysis of TP53 gene between the younger 
group and the older group.

Figure 3 Mutational analysis of LKB1 gene between the younger 
group and the older group.

P<0.001

100.00%

50.00%

0.00%

The younger group The older group

Table 2 Subcategories of EGFR mutations in the two groups

Subcategories
The younger 

group (%)

The older 

group (%)
P value

EGFR mutations 19 55 0.133

E19 14 (73.7) 27 (49.1)

E20 1 (5.3) 2 (3.6)

E21 4 (21.0) 26 (47.3)

The younger group The older group

100.00%

50.00%

0.00%

P=0.951
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Discussion

Lung cancer in young patients always attracts more 
attentions from the public because lung cancer is still the 
leading cause of cancer-related deaths worldwide (1) and 
young people are the backbone of the society. Though lung 
cancer usually affects patients in their 60s and 70s (4), age 
at diagnosis of lung cancer patients is keeping decreasing 
these years. Many studies have suggested that lung cancer in 
the young had its distinct clinicopathologic characteristics 
with different gender distribution, stage at diagnosis, 
pathological features and prognosis (4,5). However, the 
reported data are frequently discordant (6,7). Moreover, the 
molecular pathologic features of the youthful lung cancer 
have not been well investigated till now (22,23). In this 
study, we found that the youthful lung cancer had more 
early adenocarcinomas and fewer smoker patients (Table 1).  
And younger patients possessed the similar profiles of 
major oncogenic mutations in comparison with the older 
patients (Figure 1). Moreover, younger patients had a higher 
prevalence of TP53 mutations (72.2%) and a comparable 
prevalence of LKB1 mutations (11.1%) (Figures 2 and 3).

In the younger group, clinicopathologic features 
including gender distribution, differentiation of cancer 
cells, pTNM staging and family history of cancer were 
comparable with those in the older group, except that more 
AIS and MIA were seen and thus more wedge resections 
were performed, which were different from previous 
reports that younger patients always presented the more 
advanced stage at diagnosis (3,4,6,7). The discrepancies 

could be possibly explained that all patients in this study 
were candidates for surgical resections, and patients with 
advanced stage were not included. Moreover, the squamous 
cell carcinoma, which is always associated with tobacco 
use, was not enrolled because the prevalence of squamous 
cell carcinoma is low in the young and its molecular 
characteristics are still unclear.

Regarding the oncogenic characteristics, EGFR 
mutations were both predominant in the two groups (52.8% 
and 63.2%, respectively), followed by KRAS mutations, 
ALK and RET fusions. As a result, most young patients 
could benefit from the targeted therapies if indicated. On 
the other hand, in regard to mutations in tumor suppressor 
genes, the prevalence of TP53 mutations was 72.2% in 
the young patients, which is much higher than the rate in 
the older group. And it was also higher than the previous 
reports (24,25). Particularly, among the 26 TP53 point 
mutations, there were 24 P72R polymorphisms. And 5 
P72Rs respectively coexisted with the missense mutations 
in TP53 (1 G244D, 1 G245C, 1 V157F, 1 I195T and 1 
V216M, respectively). The P72R polymorphism has been 
associated with earlier age at first diagnosis of cancer, 
especially in germline TP53 mutation carriers, partly 
due to its modifier effect (15,26). Additionally, it has 
been suggested that familial susceptibility and Mendelian 
inheritance may produce the early onset of lung cancer 
(27-29). In this case, it may explain the early onset of the 
lung cancer in young patients. However, this needs further 
evaluations. Moreover, two deletions (c.836 G del; c.250 
AAG del) and two point mutations (H379N; F354L) 
were found in LKB1 mutations. The prevalence of LKB1 
mutations was comparable between the two groups, which 
indicated that LKB1 mutations were not particularly 
common in the youthful lung cancer.

Currently, there is no consensus about the specific cutoff 
age defining the youthful lung cancer, which could be 
resulted from different results on clinicopathologic patterns 
and prognosis of previously reported studies. Forty, forty-
five and fifty are the three most common ages which are 
used to separate the young patients from the old ones  
(4-8). In this analysis, we selected patients who were under 
40 years old (including 40) as the younger group. This age 
cut-off seems to be more reasonable, since the median age 
of patients with newly diagnosed NSCLC at presentation is 
71 years (4). Surely, this issue is open to question.

OS time in the younger group was similar to that in the 
older group, although several studies suggested that younger 
patients with lung cancer had a better outcome than their 

Figure 4 Comparison of the overall survival (OS) between the 
younger group and the older group.
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older counterparts (4,6,7). In this study, all patients were 
candidates for surgical resection and the distribution of 
the pathological TNM stages was comparable between 
the two groups. Accordingly, younger patients with lung 
cancer could achieve a better prognosis if early detected and 
properly treated.

There were only two studies evaluating the molecular 
characteristics of lung adenocarcinoma in young patients 
aged 40 or younger before (22,23). In 2012, Nagashima 
and his colleagues analyzed EGFR, KRAS mutations and 
EML4-ALK fusion in twelve patients. They used direct 
sequencing for detecting EGFR mutation and performed 
FISH assay for detection of EML4-ALK fusion, however, 
their sample size was too small (22). Moreover, Kim and 
his colleagues also investigated EGFR mutation and ALK 
positivity in 31 young patients and 261 older patients 
with age >50 years last year. They did not find a statistical 
difference of the rate of EGFR mutation and ALK 
positivity between the two groups. However, they used 
the immunohistochemistry (IHC) assay for detection of 
EGFR mutation and ALK rearrangement in some small 
biopsy samples, which made their results less powerful (23).  
Furthermore, neither of them detected mutations in tumor 
suppressor genes. In this study, we firstly applied the 
standard methods for mutational detection in the surgically 
resected specimens and did the comprehensive analysis 
not only for major known oncogenic mutations, but also 
for mutations in tumor suppressor genes. We found a high 
prevalence of TP53 mutations and a comparable frequency 
of LKB1 mutations.

Though this study highlighted some impressive findings, 
several limitations in this study were worth noting. First, 
the sample size in this study was not enough big. If more 
young patients were available, our results would be more 
attractive. Moreover, patients with advanced disease were 
not enrolled since they could not provide enough tissues 
for comprehensive mutation evaluations. Thus the selection 
bias might influence our results. Furthermore, if the follow-
up period was enough long, the survival analysis would be 
more powerful. However, most would agree that this study 
has really provided a brand new idea for the molecular and 
clinicopathologic features in the youthful lung cancer.

Conclusions 

In conclusion, the youthful lung cancer unequivocally 
presented the distinct clinicopathologic characteristics 
including more early adenocarcinomas and fewer smoker 

patients. It showed the similar oncogenic characteristics 
compared with the older counterpart. Additionally, the 
prevalence of TP53 mutations was higher in the young 
patients, which may provide some insights on further 
investigations in the youthful lung cancer.
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Introduction

Lower respiratory tract infections (LRTIs) are common 
among patients in hospitals worldwide. LRTIs are associated 
with high overall mortality and account for 3% to 5% of 
deaths in adults, especially in patients over the age of 60 (1). 

Pneumonia is also the leading cause of death in children less 
than 5 years old (2). LRTIs are also the main cause of death 
in infants from infectious disease in America (3). LRTIs 
are classified as either community or hospital acquired. 
Hospital-acquired pneumonia (HAP) has an attributable 
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mortality rate of about 33% to 50% (4). LRTIs are usually 
treated with antibiotics, and management of LRTIs is made 
difficult by antibiotic resistance. 

At present, therapy for community-acquired LRTIs is 
often empirical. Inappropriate antibiotics therapy, overuse 
of antibiotics, and misuse of antibiotics often occur, which 
may predispose patients to increased resistance to a class 
of antibiotics and may increase hospital mortality rate 
for patients in respiratory intensive care unit (RICUs) 
(5,6). Additionally, bacteria are constantly evolving and 
developing antibiotic-resistance. Therefore, effective 
selection and administration of antibiotics become a new 
challenge to clinicians. The knowledge of likely prevalent 
strains along with their resistance patterns will improve the 
management of LRTI patients. In China, over-the-counter 
antibiotics can be obtained easily. This antibiotic policy may 
increase the chance of bacteria developing drug resistance. 
Thus, a systemic investigation of the changes in various 
bacterial strains and their resistance to antibiotics in LRTI 
patients over a long period of time will benefit disease 
management. 

Hospitalized LRTI patients are placed in the respiratory 
general ward or the RICU depending on their condition. 
However, a study comparing the bacterial strains and their 
resistance to antibiotics in general wards and RICUs is 
currently unavailable. In this study, we analyzed bacterial 
strains isolated from the sputum or endotracheal aspiration 
samples from patients hospitalized in the general ward and 
RICU from January, 1996 to December, 2011 and further 
analyzed the antibiotic resistance of predominant strains of 
bacteria. 

Methodology

Subjects

A total of 4,762 positive sputum or endotracheal aspiration 
samples collected from hospitalized patients who were 
diagnosed with LRTI at the Department of Pneumology, 
Xiangya Hospital, Central South University (Changsha) 
from January 1996 to December 2011 are included in this 
study. The diagnoses were based on the diagnostic criteria 
of community-acquired pneumonia (CAP) and HAP, 
established by the third national pulmonary infection and 
ILD conference in 1998 (7).

Sputum collection

The second sputum in the morning of the second day after 

admission was carefully collected into a sterile container by 
forcing a deep cough after brushing teeth, rinsing the mouth 
twice using sterile water, and discarding the first sputum. 
The sputum was collected for 3 continuous days and sent 
for bacterial culture within 2 hours of collection. In order 
to reduce the chance of contamination with resident flora 
in the oral cavity and nasopharynx, samples were excluded 
from this study if the sample had more than 10 squamous 
epithelial cells and less than 25 polymorphonuclear 
leukocytes or their ratio is higher than 1:2.5 under low 
magnification microscope in smear examination. The 
bronchial secretions obtained by bronchofibroscope 
endotracheal aspiration or a protected specimen brush were 
sent for bacterial culture within 10 minutes.

Pathogen diagnosis and drug-susceptibility test

Samples were inoculated on blood agar plate using the 
streak plate technique and incubated for 24-48 hours at 
37 ℃. The pathogen was identified as the following: (I) 
the predominant bacterium in three morning sputum 
cultures was the same; (II) the concentration of pathogen 
from bronchofibroscope endotracheal aspiration and 
protected brush sample was no less than 105 CFU/mL 
(half quantitative); and (III) the pathogens were confirmed 
by a standard method routinely used in the clinical 
laboratory. All isolated bacterial strains were tested for drug 
susceptibility using the Kirby-Bauer method. The double-
disc synergy method was used for drug susceptibility assay 
of extended-spectrum β-lactamases (ESBLs). Results were 
interpreted according to National Committee for Clinical 
Laboratory Standards (NCCLS) breakpoints. 

Statistic analysis 

Data were presented as percentages. All data were 
statistically analyzed using SPSS 13.0. χ2 test or Fisher test 
was used to compare differences between groups. A P<0.05 
was considered statistically significant.

Results

Distribution and changes in pathogen

From January 1996 to December 2011, 4,762 positive 
bacterial strains were isolated, of which 2,685 strains were 
isolated from the general ward and 2,077 strains from 
RICU. We divided these 16 years into four periods for 
analysis: 1996-1999, 2000-2003, 2004-2007 and 2008-2011.
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Distribution and changes in Gram-positive bacteria 

During the four periods, the incidence of Gram-positive 
bacteria infection is lower than Gram-negative bacteria 
infection (P<0.05). The combined proportion of gram 
positive bacteria isolated from patients in the general ward 

and RICU decreased (P<0.05) (Table 1). The proportion 
of gram positive bacteria decreased in the general ward 
(P<0.05) (Table 2). In contrast, the proportion of gram 
positive bacteria increased in the RICU (8.76%, 9.29%, 
10.38%, and 11.02%) without statistical significance 
(P>0.05) (Table 3). Among these isolated gram positive 
bacteria, Streptococcus pneumoniae is the most common 
bacterial strain in patients in the general ward throughout 
the four periods, while the second most common bacterial 
strain is Staphylococcus aureus (P>0.05) (Figure 1). In the 
RICU, S. aureus is the most common gram positive 
bacterium isolated from patients throughout those four 
periods with a tendency of increase each period (P>0.05) 
(Figure 1). 

Distribution and changes in Gram-negative bacteria 
during the four periods

During the four periods, Gram-negative bacteria remained 
the major pathogen of hospital-acquired LRTIs (P<0.05). 
The combined proportion of gram negative bacteria 
isolated from patients in both the general ward and RICU 
increased (P<0.05) (Table 1). The proportion of gram 
negative bacteria increased in the general ward (P<0.05) 

1996-1999

2008-2011

2004-20072000-2003

Figure 1 Distribution of specific Gram-positive bacteria in general 
wards and respiratory intensive care unit (RICU) from 1996 to 
2011.

Table 1 Distribution of 4,762 bacteria isolated from 1996 to 2011

Strain
1996-1999 2000-2003 2004-2007 2008-2011

Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%)

G+ bacteria 121 15.14 123 13.73 144 11.33 162 9.02

G– bacteria 678 84.86 773 86.27 1,127 88.67 1,634 90.98

Total 799 100.00 896 100.00 1,271 100.00 1,796 100.00

Table 2 Distribution of bacteria isolated from general wards from 1996 to 2011

Strain
1996-1999 2000-2003 2004-2007 2008-2011

Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%)

G+ bacteria 109 16.47 106 14.87 68 12.62 49 6.36

G– bacteria 553 83.53 607 85.13 471 87.38 722 93.64

Total 662 100.00 713 100.00 539 100.00 771 100.00

Table 3 Distribution of bacteria isolated from respiratory intensive care unit (RICU) from 1996.01 to 2011.12

Strain
1996-1999 2000-2003 2004-2007 2008-2011

Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%)

G+ bacteria 12 8.76 17 9.29 76 10.38 113 11.02

G– bacteria 125 91.24 166 90.71 656 89.62 912 88.98

Total 137 100.00 183 100.00 732 100.00 1,025 100.00
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(Table 2), but decreased in the RICU without statistical 
significance (P>0.05) (Table 3). In the general ward, 
Pseudomonas aeruginosa was the most common pathogen 
throughout the four periods. Acinetobacter baumannii was the 
second most common bacterium, followed by Haemophilus 
parainfluenzae, Klebsiella pneumonia, Haemophilus influenza, 
and Escherichia coli (P<0.05) (Table 4). In the RICU, 
Acinetobacter baumannii is the most common bacterium 
isolated from patients throughout those four periods with a 

tendency of increase each period, followed by P. aeruginosa, 
K. pneumonia, E. coli, H. parainfluenzae, and H. influenza 
(P>0.05) (Table 5).

Comparison of pathogens involved in LRTIs between the 
general ward and RICU

Gram-negative bacteria are the main pathogens of LRTI in 
both the RICU and general ward, while the total infection 

Table 4 Distribution of specific Gram-negative bacteria in general wards from 1996 to 2011

Strain
1996-1999 2000-2003 2004-2007 2008-2011

Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%)

Pseudomonas 

aeruginosa

106 19.17 128 21.09 95 20.17 148 20.50

Acinetobacter 

baumannii

99 17.90 115 18.95 81 17.19 116 16.07

Klebsiella 

pneumoniae

83 15.01 85 14.00 76 16.14 82 11.36

Haemophilus 

parainfluenzae

89 16.09 104 17.13 85 18.05 122 16.89

Eschericia coli 56 10.13 55 9.06 49 10.40 58 8.03

Haemophilus 

influenzae

61 11.03 59 9.72 48 10.19 69 9.56

Other Gram-

negative bacteria

59 10.67 61 10.05 37 7.86 127 17.59

Total 553 100.00 607 100.00 471 100.00 722 100.00

Table 5 Distribution of specific Gram-negative bacteria in RICU from 1996 to 2011

Strain
1996-1999 2000-2003 2004-2007 2008-2011

Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%) Quantity Percentage (%)

Pseudomonas 

aeruginosa

31 24.80 47 28.31 171 26.07 230 25.22

Acinetobacter 

baumannii

37 29.60 51 30.72 211 32.16 309 33.88

Klebsiella 

pneumoniae

12 9.60 19 11.45 66 10.06 67 7.35

Haemophilus 

parainfluenzae

7 5.60 10 6.02 26 3.96 39 4.27

Eschericia coli 11 8.80 19 11.45 54 8.23 67 7.35

Haemophilus 

influenzae

4 3.20 5 3.01 13 1.98 17 1.86

Other Gram-

negative bacteria

23 18.40 15 9.04 115 17.54 183 20.07

Total 125 100.00 166 100.00 656 100.00 912 100.00
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rate was higher in the RICU than in the general ward 
(P<0.05). The total incidence of Gram-positive bacteria 
infection was higher in the RICU than in the general ward 
during the periods of 1996-1999 and 2000-2003 (P<0.05), 
but there were no significant differences during the period 
of 2004-2007 (P>0.05). The incidence of Gram-negative 
bacteria infection was higher in the general ward than in 
RICU during the period of 2008-2011 (P<0.05). Infections 
of four major kinds of Gram-positive bacteria exhibited 
significant differences between the two wards (P<0.05). 
However, there were no significant differences during the 
periods of 1996-1999 and 2000-2003 (P>0.05). Incidences 
of seven main types of Gram-negative bacteria infection 
were significantly different between the RICU and general 
ward in four periods (P<0.05). 

Drug-susceptibility of major LRTI pathogens to routine 
antibiotics 

Among the gram positive bacteria, S. pneumonia was 
sensitive to most antibiotics with a sensitivity of more 
than 70%. As the predominant bacterium in the RICU, S. 
aureus is highly sensitive (>70%) to vancomycin, linezolid, 

chloramphenicol, doxycycline, and sulfamethoprim without 
a tendency of decrease in its antibiotic sensitivity during 
these 16 years. However, its sensitivity to other antibiotics, 
such as meropenem, imipenem, cefepime, cefperazone/
sulbactam, ceftazidime, ceftriaxone, cefotaxime, piperacillin/
tazobactam and levofloxacin was relative low (<25%) and 
decreased yearly (Table 6). 

Among the gram negative bacteria, P. aeruginosa 
and A. baumannii had a high infection rate in both the 
general ward and RICU. P. aeruginosa remained highly 
sensitive to meropenem, cefperazone/sulbactam, amikacin, 
moderately sensitive to imipenem, cefepime, ceftazidime, 
levofloxacin, ciprofloxacin, and mildly sensitive (<30%) 
to other antibacterials. However, its sensitivity decreased 
progressively (Table 7).

A. baumanni was highly sensitive to amikacin and 
levofloxacin without a tendency of decrease, but its 
sensitivity to meropenem, imipenem, cefepime, cefperazone/
sulbactam, ceftazidime, ceftriaxone, cefotaxime, piperacillin/
tazobactam and ampicilin/sulbactam decreased (Table 7). 
S. aureus was highly sensitive to routinely used antibiotics 
in this hospital. Therefore, its drug-susceptibility was not 
analyzed.

Table 6 Changes in drug-susceptibility of major Gram-positive bacteria to routine antibacterials (%)

Antibacterials
Staphylococcus aureus Streptococcus pneumoniae

1996-1999 2000-2003 2004-2007 2008-2011 1996-1999 2000-2003 2004-2007 2008-2011

Meropenem 48.14 43.05 36.79 19.38 85.82 90.69 83.26 84.42

Imipenem 72.35 65.67 41.18 23.31 96.03 84.22 89.65 87.14

Cefepime 67.27 58.41 33.84 17.95 84.36 79.28 81.99 81.47

Cefoperazone/sulbactam 69.43 54.34 38.27 20.75 81.62 85.78 80.30 81.04

Ceftazidime 52.29 41.07 29.55 18.41 73.52 82.63 76.97 78.80

Ceftriaxone 56.47 37.36 26.54 11.44 79.22 73.58 81.79 76.54

Cefotaxime 44.02 32.45 15.73 9.98 80.33 79.05 75.29 74.37

Cephazolin – – – – 69.04 83.22 74.32 77.14

Piperacillin/tazobactam 34.15 35.26 21.39 12.72 82.66 68.35 76.47 73.81

Ampicillin/sulbactam – – – – 66.28 70.15 69.61 71.13

Mezolicillin – – – – 64.72 68.51 73.19 75.34

Levofloxacin 52.37 43.21 34.55 21.62 77.06 81.14 78.23 80.11

Chloramphenicol 74.36 82.19 75.34 79.01 87.64 80.77 84.41 83.25

Vancomycin 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Linezolid – – – 100.00 – – – 100.00

Doxycycline 69.57 77.33 74.61 73.53 84.22 88.16 91.35 89.23

Sulfamethoprim 72.46 67.83 70.92 68.45 79.52 75.61 80.44 76.37

–, means no report of this bacterium.



1408 He et al. Pathogens of LRTIs

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1403-1410www.jthoracdis.com

Discussion

LRTI is a major disease in China, affecting 12% to 16% of 
hospitalized patients (8). Studies on the distribution and drug 
sensitivity of LRTI pathogens have been conducted in some 
areas of China with variable observation periods. However, 
there is still a lack of a longer period of observation in LRTI 
patients in southern China, and a comparative analysis 
between general wards and RICU has not been performed 
previously. This study analyzed the distribution and drug 
sensitivity of bacterial strains isolated from 2,685 patients in 
the general ward and 2,077 patients in the RICU for 16 years.  
We found that the proportion of gram positive bacteria 
decreased in the general ward, but increased in the RICU 
yearly. In contrast, the proportion of gram negative bacteria 
in the general ward increased, but decreased in the RICU 
yearly. S. pneumoniae was the predominant gram positive 
bacterium, while P. aeruginosa was the predominant gram 
negative bacterium in the general ward. S. aureus was the 
predominant gram positive bacterium, while A. baumannii 
was the predominant gram negative bacterium in the RICU. 
Among the gram positive bacteria, S. pneumoniae and  
S. aureus were sensitive to most antibiotics though resistance 
was widely observed. Among the gram negative bacteria,  
P. aeruginosa remained highly to moderately sensitive to most 

antibiotics, but its sensitivity decreased progressively. Our 
findings will benefit disease management in this area and help 
reform the antibiotic policy worldwide. 

S. pneumoniae remains the primary cause of severe CAP 
and a leading cause of death worldwide. It accounts for 
two-thirds of bacteremic pneumonias (9) and is the most 
common cause of pneumonia leading to hospitalization in all 
age groups (10). In this study, we found that S. pneumoniae 
was the predominant gram positive bacteria and accounts for 
34.7-39.6% of bacteria in the general ward and 10.5-17.6%  
of bacteria in the RICU. However, gram positive bacteria 
account for a smaller proportion of LRTI bacteria with a 
decreasing tendency during the investigated 16 years (15% 
to 9%). In contrast, gram negative bacteria account for 
a bigger proportion of LRTI bacteria with an increasing 
tendency during the 16 years when the pathogen distribution 
was analyzed in hospitalized LRTI patients as a whole 
(85% to 91%). However, this tendency is not consistent 
with previous investigations in other areas of China (11,12). 
Notably, S. pneumonia was sensitive to most antibiotics with 
a sensitivity of more than 70%. Thus, S. pneumoniae is not 
the major cause of LRTI at this particular hospital.

A novel finding in this study is the difference in 
distribution between patients in the general ward and RICU. 

Table 7 Changes in drug-susceptibility of major Gram-negative bacteria to routine antibacterials (%)

Antibacterials
Pseudomonas aeruginosa Acinetobacter baumannii

1996-1999 2000-2003 2004-2007 2008-2011 1996-1999 2000-2003 2004-2007 2008-2011

Meropenem 95.16 94.24 93.05 86.36 87.44 88.21 77.35 68.42

Imipenem 88.37 83.41 72.55 64.70 84.29 76.40 65.22 41.38

Cefepime 69.25 63.47 59.32 56.61 75.30 66.57 48.65 34.54

Cefoperazone/sulbactam 87.22 87.16 84.43 84.27 96.13 96.06 92.24 51.41

Ceftazidime 76.55 73.46 74.62 54.28 68.30 80.53 71.35 43.65

Ceftriaxone 60.02 51.66 45.87 26.91 77.15 83.26 71.54 37.49

Cefotaxime 42.23 41.08 40.72 23.61 85.35 87.32 70.67 31.51

Piperacillin/tazobactam – – 69.08 32.46 – – 76.30 44.23

Ampicillin/sulbactam 73.14 37.26 34.72 21.63 92.07 93.11 86.35 38.29

Mezolicillin – – 32.56 18.69 – – 40.64 19.87

Aztreonam 76.25 68.19 67.33 34.35 46.23 48.60 51.45 27.94

Levofloxacin 74.66 60.84 53.76 57.29 68.55 82.30 73.51 77.02

Ciprofloxacin 83.11 51.63 64.32 44.05 76.20 34.74 48.33 –

Amikacin 93.03 90.21 79.18 79.04 87.11 88.06 77.41 83.58

Tobramycin – – – 11.95 – – – 15.73

Gentamicin – – – 21.84 – – – 22.77

–, means no report of this bacterium.
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In the general ward, S. pneumoniae was the predominant 
gram positive bacteria, followed by S. aureus, and their 
combined infection rate was more than 66%. However, 
infection rates of these bacteria did not change over 16 years.  
In the RICU, S. aureus was the predominant gram positive 
bacterium with an infection rate of about 50%. However, 
the infection rate increased during each period. This 
might be associated with an increase in invasive operations 
performed in the RICU. As for the infection rate of gram 
negative bacteria, P. aeruginosa was the predominant gram 
negative bacterium in the general ward with no change in 
infection rate over 16 years. In the RICU, A. baumannii 
was the predominant bacterium, but the infection rate 
increased during each period. The difference in distribution 
of pathogens between the general ward and RICU provides 
valuable insight for the use of antibiotics in treating patients 
with LRTIs. 

The most common treatment of LRTIs is antibiotics, 
which have varying adverse effects and effectiveness (13). 
Our study demonstrated that S. pneumoniae was sensitive to 
most antibiotics without a tendency to decrease in sensitivity, 
while S. aureus was highly sensitive to vancomycin, linezolid, 
chloramphenicol, doxycycline and sulfamethoprim. 
However, the sensitivity of S. aureus to other antibacterials 
especially β-lactam antibiotics is low and decreased during 
each period. This phenomenon may be caused by overuse 
of broad-spectrum antibiotics. Fortunately, no vancomycin 
and linezolid resistant strains of S. aureus were found until 
now. Consistent with previous findings in P. Aeruginosa  
(14-16), this strain can easily develop drug resistance. 
The drug sensitivity of P. aeruginosa to most β-lactam, 
aminoglycoside and quinolone antibacterials decreased. The 
sensitivity of A. baumannii is similar to that of P. aeruginosa, 
showing decreased sensitivity to most β-lactam antibacterials. 
Since the A. baumannii infection rate is increasing, especially 
in the RICU, there is an urgent need to switch to other 
kinds of antibiotics. The differences mentioned above 
indicate that routine antibiotic treatment can achieve 
satisfactory curative effect on gram positive bacteria in 
general wards, but poor curative effect in the RICU. In the 
RICU, vancomycin, linezolid, chloramphenicol, doxycycline 
and sulfamethoprim should be used as soon as possible to 
prevent patient conditions from worsening due to bacteria 
developing resistance to currently administered antibiotics. 

Conclusions 

In conclusion, the distribution and drug sensitivity of 

LRTI pathogens exhibit a characteristic of high divergence 
between different areas in China and even between 
the general ward and RICU of the same hospital. The 
guideline for antibiotic use should match the local pathogen 
distribution and drug sensitivity. S. pneumoniae may not be 
the major cause of LRTIs in other areas. Moreover, overuse 
of broad-spectrum antibiotics should be avoided.
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Introduction
 

Inhaled therapies have been used for respiratory diseases 
and symptom relief since many years and vast experience 
exists for many products (1-4). Several drugs are also 
being investigated whether they could be administered 
as aerosol (5-9). The major obstacle for efficient aerosol 
deposition are the defense mechanisms of the respiratory 

system (10) and the drug design for efficient tissue 
distribution (11). Moreover; safety concerns for novel 
methods of drugs as aerosol administration, still remain to 
be investigated and elicited (8,12-16). Previous research 
studies have identified several parameters that influence 
the droplet size production and can be summarized to the 
following: (I) residual cup loading; (II) initial loading of 
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the residual cup; (III) refilling of the residual cup when 
the initial filling has been reduced to half (this can be 
done only once); (IV) residual cup design; (V) inlet design  
(if used) and (VI) drug formulation (17-20). Currently 
there is an increasing interest in the investigation for drugs 
administered as aerosol for pulmonary hypertension (PH) 
and idiopathic pulmonary fibrosis (IPF). PH is defined as a 
mean pulmonary arterial pressure (PAP) ≥25 mmHg at rest 
when assessed with right heart catheterization (21). It is a 
fatal disease caused by vascular proliferation, remodeling 
and small vessel obstruction. Increased pulmonary vascular 
resistance (PVR) which is often observed, leads to right-
sided heart failure (HF) and death (22). Current guidelines 
have divided PH in five major categories (23). Currently 
there are new insights presented for the pathophysiology 
of the disease and progress in the diagnosis. The diagnosis 
includes (I) right-heart catheterization; (II) optical 
coherence tomography and (III) computed tomography. 
Current treatment strategies for pre-capillary PAH 
include: (I) lifestyle modification; (II) endothelin receptor 
antagonists; (III) prostacyclins and (IV) immunosuppressive 
therapy. Novel agents currently considered are: riociquat, 
imatinib and Rho-kinase inhibitors. Novel agents for post-
capillary PAH include: sildenafil, riociquat and Rho-kinase 
inhibitors. Previous drugs include: angiotensin-receptor 
blockers, nitrates, diuretics, angiotensin-converting enzyme 
inhibitors and β-blockers. Pulmonary artery angioplasty 
is considered the treatment for chronic thromboembolic 
PH (24). Currently inhaled treprostinil (Tyvaso) has been 
approved by the FDA [2009] for patients with PAH with 
NYHA III. Prostcyclin-2 through cycloxygenase-2, leads 
to vasodilation and platelet aggregation (25). Prostacyclin 
causes vasodilation in both systemic and pulmonary arteries. 
Moreover; it has antiproliferative activity as observed with 

the inhibition of growth of smooth muscle cells. Inhaled 
prostanoids are usually administered in patients who are 
not candidates for parenteral treatment, or with declining 
condition. The major advantage is the delivery of the drug 
directly to the lungs and therefore less systemic side effects 
have been observed (4,26,27). Inhaled treprostinil through 
the TRIUMPH trial provided data where the 6-minute 
walking test was improved when compared to stable doses 
of bonsentan or sildenafil (28). IPF is a debilitating disease 
occurring in adults between 60 to 75 years of age (29). 
The disease is fatal with a median survival of 2-5 years, 
and progressive pulmonary function occurs. Pirfenidone is 
indicated for mild to moderate IPF based on phase III trials 
using forced vital capacity (FVC) ≥50%, carbon monoxide 
diffusing capacity (DLCO) ≥35% and 6-minute walking 
test (6MWT) distance of ≥150 m (30). Additional drugs 
that have presented positive results as additional treatment 
for IPF are N-acetylcysteine (NAC) and nintedanib 
(BIBF 1120), however; further investigation is necessary 
(31,32). In the current study we have investigated whether 
modification of the drugs bonsentan, sildenafil, treprostinil 
and pirfenidone with different nebulizers, residual cups and 
loadings could be used as a future local administration to 
the lung parenchyma.

Materials and methods

Drugs

The following drugs were purchased: (I) Tracleer®  (bonsetan) 
62.5 mg/tab, Actelion; (II) Revatio®, (sildenafil) 20 mg/tab, 
Pfizer; (III) Esbriet® (pirfenidone) 276 mg/hard capsule, 
Intermune UK Ltd.; and (IV) Remodulin® (treprostinil)  
5 mg/mL solution, United Therapeutics Europe Ltd.

Nebulizers and residual cups

Jet-nebulizers and residual cups
Three nebulizers were chosen from our department for 
the experiment: Maxineb® (6 liters/minute and 35 psi), 
Sunmist® (5-7 liters/minute and 35 psi) and Invacare®  
(4-8 liters-minute and 36 psi). In total seven residual cups 
were chosen for evaluation, four with a capacity of no more 
than 6 mLs and two with a capacity no more than 10 mLs. 
The designs for the large residual cups will be mentioned 
as A, D and E. The small residual cups will be mentioned as 
C, F, B and J. The large residual cups were not used with a 
capacity of more than 8 mLs as explained in the discussion 
section (Figure 1).

Figure 1 Jet-nebulizer.
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Ultrasound nebulizers
Three new ultrasound nebulizers were chosen from the 
market based on their cost-effectiveness. The first was 
Omron® NE-U07, Tokyo, Japan. Compact and weight less 
than 350 gm, includes 10 mL medication cup. Generates 
uniform micro millimetre-sized vapor particles. The 
second was a portable GIMA, Gessate, Italy (Choice Smart 
Health Care Company Limited, Wan Chai, Hong Kong, 
No. G2061259328002) with the following operating 
specifications; particle size: 3-5 μm, frequency: 2.5 MHz, 
medication cup capacity: 1-6 mLs, sound level at 10 cm: 
<50 db, operating temperature: min. 10 ℃, max. 40 ℃ and 
air humidity: min. 10%, max. 95% RH. The third was a 
portable EASYneb® II, FLAEMNUOVA, Martino, Italy. 
with the following operating specifications; drug max 
capacity: 8 mLs, frequency: 2.4 MHz, nebulization capacity 
(adjustable) 0-0.7 mL/min approximately (tests performed 
with saline 0.9%), particle size: 2.13 μm mass median 
aerodynamic diameter (MMAD), sound level at 10 cm:  
50 db (A), operating temperature: min. 10 ℃, max. 40 ℃ 
and air humidity: min. 10%, max. 95% RH (Figures 2-4).

Measurement of droplet size and droplet size distribution

A laser scattering apparatus (Malvern Mastersizer 2000, 
Malvern, Worcestershire, UK) equipped with a Scirocco dry 
accessory module (Malvern, Worcestershire, UK) was used 
for the determination of the mass median diameter of the 
produced particles. A specific surface area odd 4.3 was used. 
Light scattering was used instead of a cascade impactor, as (I) 
a cascade impactor is, by design, limited to the number of 
size populations it may discriminate, that is the number of 
filters. In such a case, a limited number of populations can 
be distinguished. Our light scattering set-up can measure 
the light scattering intensity at a very large number of 
angles (that is the equivalent of a cascade impactor filters), 
so it can construct a particle size distribution plot of a very 
large number of points; (II) light scattering is non-invasive 
to all particles. The above, coupled with the application of 
the very accurate ‘Mie theory’ used here for transferring the 
angle-intensity measurements into size-volume data, and 
the thorough control of our data fitting, give us confidence 
in the presented results. Our equipment has been previous 
used in prior publications (5-8,17) (Figure 5).

Milling

The bonsetan, pirfenidone and sidenafil tablets were milled 

Figure 2 Large residual cups 10 mLs max.

Figure 3 Small residual cups 6 mLs max.

Figure 4 Ultrasound nebulisers.

Figure 5 Matersizer 2000.
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in a planetary ball mill (Frisch, Pulverisette-5) equipped 
with Agate bowls (500 mL) and 8 balls (20 mm, 20 g) with 
a rotational speed of approximately 200 rpm which results 
in an acceleration of about 7.5 g. We initiated our milling at  
40 minutes and we acquired a MMAD of 4.4 μm for 
bonsetan and 3.7 for pirfenidone. The major problem 
that we encountered was that the sidenafil tablets were 

Figure 6 Milling equipment.

Figure 7 Kern digital scale.

influenced by the heat that was developed during the 
process and a paste was developed around the walls of 
the agate bowls (Figure 6). Therefore we had to seek for 
an alternative method of milling and we used a grinder 
FALIING NUMBER S-12611, Stockholm, Sweden, 
type 120, 3-phase and 280 rpm, made in Finland. Before 
proceeding to milling we had measured the weight of the 
tablets and capsules with a digital scale Kern EG 2200-
2NM, Kern & Sohn, GmbH, Balingen, Germany (Figure 7). 
After milling we collected powder of the same weight from 
drug and diluted it with 2 mLs in an effort to simulate a 
future method/compound of administration. 

Statistical assessment

MMAD was  measured  fo l lowing three  d i f ferent 
experimental factorial designs:

(I)	 Three jet nebulizers in joint with four drugs, seven 
cup devices with three dosage levels each (2, 4 
and 6 mL) were analyzed for potential effects on 
droplet size by employing a four-factor ANOVA, 
fixed effects plus their interaction levels, thus 
totaling 3×4×7×3=252 combined levels; 

(II)	 The same design was repeated including only the 
large residual cups (A, D, E) at 8 mL dose level 
using a tree-factor ANOVA and totaling 3×4×3=27 
combined levels;

(III)	 The droplet size was finally checked for potential 
effects by applying three ultrasound nebulizers, the 
same drugs as before and “delivery” constructions 
(face mask and inlet) at two dose levels (2 and  
4 mL). A four-factor ANOVA, fixed effects, was 
performed making up 3×4×3×2=72 combined levels.

Statistically significant effects and interaction terms were 
tested graphically using pair-wise comparisons of means 
together with their 95% confidence intervals. Means whose 
intervals do not overlap are significantly different.

The major aim is focused on the best combination that 
provides droplets with the least size.

Results

The four-way ANOVA on droplet size using the jet 
nebulizers revealed two statistically significant factors, drug 
(F=6.326, P=0.0007) and residual cup (F=4.419, P=0.0007), 
and their interaction term (F=5.829, P<0.0001). Drugs 
tracleer and pirfenidone produce equally the lowest mean 
droplet size (2.63 and 2.80 respectively) as compared 
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to other two drug mean sizes (Figure 8). Two groups of 
different mean droplet size are produced by the residual cups  
(Figure 9). Cups A, E and F are equally the most efficient in 
small mean droplet size (2.44, 2.68 and 2.74 respectively), 
while the rest four cups form another group with higher mean 
sizes, ranging between 3.22 and 3.30). Cup F in joint with drug 
pirfenidone (Figure 10) create the least mean droplet size (1.56), 
by far lower from all other combined levels and particularly 
from the combined effect of drug remodulin with cups C, B, 
and F whose result rises up to 4.1-4.4 μm. The large residual 
cups (A, D and E), when combined with the four aforesaid 

Figure 8 Mean droplet size distribution of four drugs. Vertical bars 
represent the 95% confidence intervals of the means calculated 
from the error mean square of ANOVA.

Figure 9 Mean droplet size distribution of seven residual cups. 
Vertical bars represent the 95% confidence intervals of the means 
calculated from the error mean square of ANOVA.
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Figure 10 Mean droplet size distribution of the combined levels 
between drugs and residual cups. Vertical bars represent the 95% 
confidence intervals of the means calculated from the error mean 
square of ANOVA.
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drugs and the same nebulizers, do not produce statistically 
significant results at 8 mL dose level (P>0.05 in all factors 
and interaction terms). The ANOVA results, concerning 
the ultrasound nebulizers, revealed only the nebulizers 
as producing significant effect on droplet size (F=4.753, 
P=0.037). This effect is easily clarified in the Figure 11  
in which the OMRON nebulizer outweighs the others’ effect 
providing a mean droplet size of 2.69 μm. To capitalize, jet 
nebulizers, although not significant on droplet size, best 
perform with drugs tracleer and pirfenidone, using cup 
designs A, E and F, and particularly when combined with cup 
F and pirfenidone. Loadings greater than 6 mL together with 
any other factor combined do not exert any significant effect 
on droplet size. Ultrasound nebulizers produce a unique effect 
on droplet size, no matter considering any other factor in the 
study, from which OMRON generates the smallest droplets. 

Discussion

Inhalation therapies in order to be efficient they have 
to bypass the defense mechanisms of the respiratory 
system. These can be summarized to: (I) beating cilia; (II) 
macrophages; (III) mucus; (IV) local enzymes; and (V) local 
transporters (10). Furthermore, an underlying respiratory 
disease modifies the deposition and absorption of aerosol 
therapies. Bronchoconstriction which might occur during 
an exacerbation of asthma or chronic obstructive pulmonary 
disease (COPD) reduces the distribution and deposition 
of an aerosol therapy (33,34). The production of mucus 
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also reduces the absorption of an aerosol therapy since a 
concentration of the drug is enclosed within the mucus. 
Local enzymes and transporters are parameters that their 
interaction with the aerosol drugs has not been fully 
investigated. It has been presented that there are different 
enzymes and transporters at different locations of the 
respiratory system which modify the absorption of a drug 
locally (35). Moreover, the aerosol mist has to be composed 
of droplets of MMAD of <5 μm. The third important factor 
for an efficient aerosol therapy is the drug design. There are 
two major delivery systems for local absorption; the passive 
and active transportation. The passive transportation is 
based on the principals of the drug formulation molecules 
and interaction with the local enzymes and transporters. 
The active transportation is based on an antigen-antibody 
connection of the drug molecules and local tissue (11). 
Active transportation tends to be usually less expensive in 
production, however, in several situations less effective. Cost-
effective design is another parameter that has to be included 
in drug design development. Previous investigation of 
aerosol production systems have indicated that jet-nebulizers 
and ultrasound nebulizers are easy to use in the everyday 
practice, however, jet-nebulizers are currently cheaper than 
ultrasound nebulizers. Moreover, it has been observed that 
several drugs are more efficiently delivered with one system 
versus the other, meaning that we should choose the aerosol 
production system based also on the drug that we want to 
deliver (20). The production of aerosol regarding the jet-
nebulizers is also influenced by the residual cup design, 

initial filling, time of nebulisation and drug. Moreover; it 
has been observed that reduction of the produced droplet 
size can be achieved with the usage of inlets design (17). 
Temperature increase from the piezoelectric crystal results in 
a higher concentration effect of the drug solution, than in the 
jet-nebulizers (36). However, the combination of temperature 
and drug concentration cause a shift in the tension and viscosity 
and consequently change the droplet size distribution (37).  
The nebulization time also plays a role in the viscosity, 
surface tension, saturated vapour pressure and finally to the 
droplet size distribution. Increase of the concentration in 
the produced aerosol is mostly observed in the ultrasound 
nebulizers than the jet-nebulizers (38). The variations of the 
viscosity are also time dependent (low the first 2 minutes, 
higher after the 4 minutes) and temperature dependent 
in ultrasound nebulizers. An increase in the mean droplet 
size range has been also observed when adding buffer (39).  
The increasing drug concentration is also a factor inducing 
bronchoconstriction (40). In conclusion the major factors 
affecting the produced mist are: (I) temperature; (II) 
viscocity; (III) drug formulations (salts, buffer) and (IV) time 
of nebulization.

PAH is a complex disease characterized by increased PVR 
which eventually leads to right-sided HF and death (41). 
Current recommendations for patients with NYHA II, III, 
IV symptoms indicate first-line monotherapy with agents 
targeting the following pathways: endothelin, prostacyclin 
and nitric oxide. Sequential combination of agents is 
indicated when there is no evidence of clinical improvement 
with one specific-PAH agent (42). However, again there 
are patients who do not present improvement even after a 
combination treatment (43). Combination treatment has been 
proposed in advanced stage disease for initial treatment (42). 
The concept for combination treatment has the advantage of 
targeting simultaneously different pathological pathways (43).  
Most studies have investigated the sequential addition of 
agents and very few initiation of a combination treatment (44). 
Currently pharmacogenomics are investigated for targeted 
treatment of PAH as a future treatment (45). Possibly in 
the future we could target the disease with a combination 
of aerosol treatment. Treatment for IPF is based on the 
updated recommendations of 2013 (29). Several agents have 
been presented and discussed such as, corticosteroids, NAC, 
interferon-gamma-1b, azathriopine, anticoagulant therapy, 
oxygen therapy, lung transplantation and pirfenidone (46). 
Combination of treatments has been also been proposed 
(46-58). Additionally, “weak no” has been indicated for 
treatment of PAH due to IPF according to the last updated 

Figure 11 Mean droplet size distribution of three ultrasound 
nebulizers. Vertical bars represent the 95% confidence intervals of 
the means calculated from the error mean square of ANOVA.
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recommendations (29). IPF despite current treatment efforts 
still remains a fatal disease with a median survival between  
2-5 years. Currently we investigated whether inhaled 
pirfenidone could be redesigned to be delivered as aerosol. 
Major obstacle for IPF is firstly the safety of aerosol 
administration, because several drugs tend to induce 
exacerbation of an underlying disease and secondly the 
efficiency. Production and deposition of a drug does not 
necessarily mean that the formulation will be distributed from 
the site of administration to the blood circulation, in specific 
in patients with IPF since the parenchyma is destroyed. 
Further investigation has to be investigated probably in a 3D 
model of lung parenchyma simulating IPF disease.

Conclusions

In our study we investigated drug solutions close to 
a possible future treatment and we observed that the 
dilution as it was done it could be a possible method of 
administration for all drugs. Large concentrations >8 mLs 
were not necessary as in our previous studies and it is only 
matter of how much concentration of the drug we want 
to deliver. Again it was observed that residual cup design 
plays an important role in the production of the aerosol and 
the drug formulation. Certainly we need additional local 
therapies for PH and IPF, local administration has possible 
advantages, however, future experiments have to present 
data for the safety of this administration method to the lung.   
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Introduction

Non-small cell lung cancer (NSCLC) is one of the leading 
causes of cancer-related deaths worldwide (1). Though 
surgery is a potentially curative treatment for NSCLC 
up to stage IIIA disease, the risk of postoperative disease 
recurrence has been reported to be as high as 52% (2). 
Postoperative follow-up examinations are periodically 
performed to detect postoperative recurrence early, so that 
adequate treatment can be offered to improve survival rate. 

Because radiographic imaging is widely used for follow-up 
and there are numerous guidelines that have been published 
regarding the management of lung cancer (3), there should 
be an effort to avoid unnecessary medical treatment and 
reduce radiation exposure by adjusting follow-up plans. 
Although the TNM staging system for NSCLC is used to 
evaluate the extent of disease and guide management for 
patients (4), meticulous assessment of possible prognostic 
factors other than TNM stage is important for this reason. 
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The purpose of this study was to identify factors that 
associated with recurrence and recurrence-free interval 
(RFI) after curative surgery for NSCLC.

Material and methods

Patient population

This study was approved by the institutional review board 
of our institution, and informed consent was waived due to 
the retrospective nature of the study. Between August 1999 
and May 2013, a total of 218 patients underwent curative 
surgery for lung cancer at our institution, which is an urban 
tertiary care hospital.

Forty-six of 218 patients were excluded from the study 
for the following reasons: 26 underwent neoadjuvant 
therapy, 13 died or transferred to other hospital before 
the initial follow-up CT scan was obtained, image data or 
medical records were missing for five patients, one patient 
had surgically confirmed SCLC, one patient had history 
of both pancreatic and pulmonary adenocarcinoma with 
recurred adenocarcinoma of unspecified origin, and one 
13-year-old patient was excluded by institutional review 
board because of absence of his parent’s permission.

The remaining 171 patients were included in this 
study. This patient population comprised 111 men and  
60 women with a mean age of 63 years [median age: 64 years 
(range, 37-79 years)]. Median RFI was 20 months (range,  
1-102 months) .  Other patient characterist ics  are 
summarized in Table 1.

Pathologic analysis

Three pathologists interpreted lung tumor specimens 
during the study period. Hematoxylin and eosin stains were 
performed on all surgical specimens. Other pathologic 
studies, such as immunostains, were performed at the 
discretion of the pathologists. Lymphovascular invasion 
(LVI) was reported when tumor cells or emboli was 
identified in lymphatic or blood vessel lumens. Tumor 
involvement of epineurium was defined as perineural 
invasion (PNI) (5). Patients with unknown LVI or PNI 
status were grouped into the negative category (6). 
Postoperative pathologic reports from electronic medical 
records were reviewed. Data such as histologic type, 
pathologic TNM staging (pathologic staging), LVI, and 
PNI were collected. All postoperative pathologic staging for 
NSCLC at our institution has been performed according to 

the new TNM classification system of the American Joint 
Committee on Cancer (AJCC), 7th edition, since February 
2010. Cases prior to this date were reevaluated according 
to the new TNM classification system by a radiologist 
with 4 years of experience of chest CT interpretation. 
Pathologic specimens of recurred lesions were obtained by 
bronchoscopic biopsy, core needle biopsy, and fine needle 
aspiration. Other lesions without pathologic confirmation 
were diagnosed by image analysis. RFI was defined as 
the time from the day of surgery to the date of the last 
normal follow-up for patients without recurrence, and to 
the date of first detection of a recurred lesion for patients 
with recurrence (7). For lesions that were not possible to 
distinguish between recurrence and second primary lung 
cancer, we considered the lesion to be recurred cancer, 
because it is often impractical to clarify disease recurrence 
from second primary lung cancer (7).

Image analysis

All CT scans were obtained using a 16-, 64- or 256-slice 
multidetector CT scanner (MX 8000 IDT, Phillips Medical 
System, Netherlands; Brilliance 64, Phillips Medical 
Systems, Israel; Somatom Definition Flash, Siemens 
Healthcare, Germany, respectively). All PET-CT scans 
were obtained using a large-bore, time-of-flight PET-CT 
scanner (Philips Gemini TF, Philips Healthcare, Andover, 
MA, USA). Routine follow-up chest CT for surveillance of 
recurrence was performed 3, 6, 12, 18, and 24 months after 
surgery, and then annually. Additional chest radiography, 
CT, or PET-CT scanning was performed depending on the 
clinical situation. CT and PET-CT scan data were collected 
from a picture archiving and communication system (PACS; 
Infinitt Healthcare Co. Ltd., Seoul, Korea). Consensus 
review of preoperative and follow-up CT and PET-CT 
images were performed by two radiologists, one with  
16 years and the other with 4 years of experience in chest 
radiology.

In patients without pathologic confirmation, recurrence 
was presumed when there was any newly identified or 
enlarging soft tissue lesion or lymph node enlargement with 
more than one of the following: intense FDG uptake on 
PET-CT scans taken within a month of detection, either 
persistence or aggravation on the next follow-up study. 
Lymph node enlargement was defined when the short axis 
diameter was greater than 1 cm on CT scans.

In this study, recurrence was classified as locoregional or 
distant recurrence. Locoregional recurrence was defined 
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when disease recurred at the surgical resection margin or 
regional lymph nodes (ipsilateral hilar and/or mediastinum) 
(3,6). The location of locoregional recurrence was 
subclassified into stump, endobronchial, regional lymph 
node, and pleural invasion directly from recurrent mass. 
Pleural seeding and recurrence in the remaining ipsilateral 
or contralateral lung were regarded as distant metastasis (8).  
The location of distant recurrence was subclassified 
into ipsilateral and contralateral lung, distant lymph 
node, ipsilateral pleura incontinuous to surgical margin, 
contralateral pleura, and distant organ. When locoregional 
and distant recurrences were concurrently identified 
(concurrent cases), the two were counted separately.

Statistical analysis

Several clinicopathologic parameters were evaluated in this 
study: histologic type, pathologic stage, T stage, N stage, 
LVI, PNI, surgical procedure, adjuvant chemotherapy, 

Table 1 Demographic features of 171 patients underwent 
curative surgery for NSCLC

Factors Number of cases (%)

Age

<40 3 (1.8)

40-49 9 (5.3)

50-59 44 (25.7)

60-69 63 (36.8)

≥70 52 (30.4)

Gender

Male 111 (64.9)

Female 60 (35.1)

Histology

Adenoca 108 (63.2)

SqCC 53 (31.0)

Large cell neuroendocrine ca 4 (2.3)

Large cell undifferentiated ca 3 (1.8)

Adenosquamous cell ca 1 (0.6)

Pleomorphic ca 1 (0.6)

Mucoepidermoid ca 1 (0.6)

Pathologic stage

IA 63 (36.8)

IB 49 (28.7)

IIA 19 (11.1)

IIB 17 (9.9)

IIIA 23 (13.5)

T stage

T1a 43 (25.1)

T1b 28 (16.4)

T2a 67 (39.2)

T2b 9 (5.3)

T3 21 (12.3)

T4 3 (1.8)

N stage

N0 133 (77.8)

N1 20 (11.7)

N2 18 (10.5)

LVI

Negative 125 (73.1)

Positive 21 (12.3)

Unknown 25 (14.6)

Table 1 (Continued)

Table 1 (Continued)

Factors Number of cases (%)

PNI

Negative 140 (81.9)

Positive 6 (3.5)

Unknown 25 (14.6)

Surgical procedures

Pneumonectomy 17 (9.9)

Others

Lobectomy 92 (53.8)

VATS lobectomy 38 (22.2)

Bilobectomy 13 (7.6)

Wedge resection 6 (3.5)

Sleeve lobectomy 4 (2.3)

VATS wedge resection 1 (0.6)

Adjuvant CTx

Yes 118 (69.0)

No 53 (31.0)

Adjuvant RTx

Yes 158 (92.4)

No 13 (7.6)

Numbers in parentheses are percentages. Adenoca, 

adenocarcinoma; SqCC, squamous cell carcinoma; ca, 

carcinoma; LVI, lymphovascular invasion; PNI, perineural 

invasion; CTx, chemotherapy; RTx, radiotherapy.
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and ad juvant  rad iotherapy.  Surg ica l  procedure , 
adjuvant chemotherapy and adjuvant radiotherapy were 
dichotomous: pneumonectomy or others, received or not. 
Because the clinicopathologic parameters did not show 
a normal distribution, the Mann-Whitney U test and 
Kruskal-Wallis test were applied to each clinicopathologic 
factor to investigate the significance of differences in mean 
RFI according to the factor.

Univariate and multivariate analyses were performed to 
examine factors affecting recurrence using the Kaplan-Meier 
method and Cox proportional hazards model, respectively. 
Log-rank test was used for univariate analysis of recurrence 
differences. Clinicopathologic parameters were included in 
univariate analysis. Gender, age, histologic type, and factors 
with P≤0.1 on univariate analysis (pathologic stage, T stage, 
N stage, LVI, and adjuvant chemotherapy) were included 
in multivariate analysis of overall, locoregional, and distant 
recurrences. Fisher’s exact test was performed to identify 
preferred initial recurrence location on recurrent cases with 
LVI, compared with recurrent cases without LVI.

We also performed Kaplan-Meier analysis of the 
relationship between LVI and distant recurrence with 
stratification according to pathologic stage to identify 
whether pathologic stage was a confounding factor. 
Association between LVI and pathologic stage was evaluated 
by linear association.

All statistical analyses were performed using SPSS 
version 19.0 (IBM-SPSS, Chicago, IL, USA). All differences 
with P<0.05 on two-tailed tests were considered to be 
statistically significant.

Results

Among 171 patients, 53 (31.0%) had recurrent lesions, 
which were diagnosed by pathologic confirmation in 11 
patients and imaging data in the remaining 42 patients. 
There were no significant differences in mean RFI 
according to clinicopathologic factors except for LVI 
(P<0.001), which was associated with 3-fold increase in 
mean RFI (31.43 vs. 10.29 months). Surgical procedure 
showed borderline significance (P=0.057). Differences 
in mean RFI according to clinicopathologic factors are 
summarized in Table 2.

Univariate analysis revealed the following factors 
that were significantly associated with recurrence rate: 
pathologic stage (P=0.003), T stage (P=0.012), N stage 
(P=0.016), LVI (P<0.001), pneumonectomy (P<0.001), and 
adjuvant chemotherapy (P=0.011) (Figure 1). Histologic 

Table 2 Differences of mean RFI according to clinicopathologic 
factors

Factors Mean RFI (months) P value

Histologic type 0.470

Adenoca 29.81

SqCC 27.06

Others 27.10

Pathologic stage 0.393

IA 28.38

IB 28.10

IIA 37.05

IIB 32.53

IIIA 21.83

T stage 0.126

T1a 21.47

T1b 27.50

T2a 27.67

T2b 39.33

T3 22.00

T4 29.33

N stage 0.271

N0 28.55

N1 36.30

N2 22.28

PNI 0.201

Negative 29.28

Positive 15.50

LVI <0.001

Negative 31.43

Positive 10.29

Surgical procedure 0.057

Pneumonectomy 21.53

Others 29.60

Adjuvant CTx 0.185

Yes 24.49

No 30.73

Adjuvant RTx 0.921

Yes 31.62

No 28.56

RFI, recurrence-free interval; Adenoca, adenocarcinoma; 

SqCC, squamous cell carcinoma; PNI, perineural invasion; 

LVI, lymphovascular invasion; CTx, chemotherapy; RTx, 

radiotherapy.
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type and PNI did not show statistical significance (P=0.514 
and 0.701, respectively). Patients with LVI had a lower 
2-year recurrence-free rate than patients without LVI 
by one-third (44.6% vs. 14.9%, Figure 2). There was an 
approximately 2-fold difference in 2-year recurrence-free 
rate between the highest and lowest tiers of other significant 
factors on univariate studies (pathologic stage IA vs. IIIA, 
0.874 vs. 0.381; T stage T1a vs. T4, 0.920 vs. 0.500; N stage 
N0 vs. N2, 0.780 vs. 0.403; pneumonectomy vs. others, 0.306 
vs. 0.772; received adjuvant chemotherapy vs. not, 0.599 vs. 
0.784).

Multivariate analysis of overall recurrence revealed that 
T stage (P=0.045), N stage (P=0.044), and LVI [P<0.001, 
hazards ratio (HR): 4.76, 95% confidence interval: 2.08-
10.90] were independent predictors of overall recurrence. 
Pathologic stage (P=0.068) showed borderline significance. 
Gender, age, histologic type, surgical procedure, adjuvant 
chemotherapy were not statistically significant (P=0.562, 
0.603, 0.739, 0.124, and 0.748 respectively). Among these, 
there was a substantial decrease in the statistical support 

for an association between surgical procedure and RFI 
compared to the univariate analysis. On multivariate 
analysis of locoregional recurrence, only pathologic stage 
(P=0.005) was significant. Histologic type, and surgical 
procedure (P=0.081 and 0.079, respectively) showed 
borderline significance. Gender, age, T stage, N stage, 
LVI, and adjuvant chemotherapy did not show statistical 
significance (P=0.386, 0.110, 0.351, 0.549, and 0.813, 
respectively). LVI and T stage were demonstrated to be the 
significant factors affecting distant recurrence (P<0.001, 
P=0.040, respectively). Gender, age, histologic type, N 
stage, surgical procedure, and adjuvant chemotherapy did 
not show statistical significance (P=0.192, 0.877, 0.273, 
0.686, 0.375, and 0.748, respectively). Pathologic stage 
could not be included in this analysis because it did not 
converge. Results of multivariate analyses are summarized 
in Table 3.

On the analysis with Fisher’s exact test, there was no 
preferred initial recurrence location that showed statistical 
significance on LVI positive cases.
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Figure 1 Univariate analyses for overall recurrence according to clinicopathologic factors in all patients (n=171). The RFI was statistically 
significant according to pathologic stage (A), T stage (B), N stage (C), LVI (D), surgery procedure (E), and adjuvant chemotherapy (F) 
(P=0.003, 0.012, 0.016, <0.001, and 0.011, respectively). Two-year recurrence-free rate remarkably decreased compared with 1-year 
recurrence-free rate on LVI positive group. RFI, recurrence-free interval.
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Figure 2 Recurred squamous cell carcinoma in a 69-year-old man. Patient underwent left pneumonectomy with lymph node dissection. 
Pathologic stage was IIA and LVI was pathologically confirmed. (A) Mediastinal window of enhanced CT scan obtained at the level of RML 
bronchus 3 months after the surgery shows no evidence of recurrence; (B) follow-up CT scan obtained at similar level 8 months after the 
surgery shows lymph node recurrence in right interlobar area (arrow); (C) follow-up CT scan 12 months after the surgery revealed aggravated 
lymph node metastasis (big arrow) with right middle lobar bronchus narrowing (small arrow) and right lower lobe obstructive pneumonitis.

A B C

Table 3 Multivariate analyses for overall, locoregional and distant recurrence in all patients (n=171)

Factors
Overall recurrence Locoregional recurrence Distant recurrence

Hazard ratio P value Hazard ratio P value Hazard ratio P value

Gender 0.562 0.386 0.192

Age 0.603 0.110 0.877

Histologic type 0.739 0.081 0.273

Pathologic stage 0.068 0.005 (–)

IA 1

IB 2.15 (0.63-7.40)

IIA 1.81 (0.40-8.19)

IIB 3.21 (0.65-15.85)

IIIA 8.97 (2.67-30.18)

T stage 0.045 0.351 0.040

T1a 1 1

T1b 1.82 (0.58-5.73) 7.93 (0.88-71.57)

T2a 2.63 (0.63-11.00) 11.38 (1.51-85.70)

T2b 0.73 (0.07-7.41) 8.49 (0.77-94.03)

T3 1.97 (0.31-12.63) 7.21 (0.81-64.48)

T4 0.03 (0.00-1.09) 5.58 (0.33-94.55)

N stage 0.044 0.549 0.686

N0 1

N1 0.25 (0.04-1.58)

N2 0.03 (0.00-0.44)

LVI <0.001 0.566 <0.001

Negative 1 1

Positive 4.76 (2.08-10.90) 7.18 (2.74-18.81)

Surgical procedure 0.124 0.079 0.375

Adjuvant CTx 0.748 0.813 0.748

Numbers in parentheses are 95% CIs. Adenoca, adenocarcinoma; SqCC, squamous cell carcinoma; LVI, lymphovascular invasion; 

Pn, pneumonectomy; CTx, chemotherapy.
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Discussion

There are some reports that radiation therapy in patients 
with early stage recurrence can increase survival rate 
(2,9,10). Considering that the postoperative recurrence rate 
for NSCLC has been reported to be as high as 52% (2), 
early detection of recurrence is critical to allow effective 
local treatment. Pathologic staging is known as the most 
powerful prognostic factor for lung cancer (11). According 
to the retrospective study of Sawada et al., the combination 
of T stage, N stage, and LVI was correlated with the risk of 
recurrence (4). Another study identified pneumonectomy 
as a significant variable, although the authors attributed 
this to technical advancement (12). In the current study, 
we evaluated these parameters as independent factors that 
could be associated with NSCLC recurrence.

T stage, N stage, and LVI had a significant impact on the 
overall recurrence rate in multivariate analysis, consistent 
with previous studies (4,11,12). Surgical procedure was a 
significant factor in univariate analysis of overall recurrence 
and showed borderline significance on the Mann-Whitney 
U test. That was probably due to confounding effects of 
other clinicopathologic factors, as there was a substantial 
decrease in significance in multivariate analysis of overall 
recurrence. However, further evaluation is warranted 
considering the results of a previous study (12).

One of the reasons why the risk of local recurrence 
is poorly defined is that the definition of locoregional 
recurrence varies widely among studies. Martini and 
colleagues defined local recurrence as evidence of tumor 
within the same lung or at the bronchial stump, and 
regional recurrence as clinically or radiologically manifest 
disease in the mediastinum or in the supraclavicular lymph 
nodes (13). Kelsey et al. (7) and Higgins et al. (6) defined 
it as disease recurrence at the surgical resection margin, 
ipsilateral hilum, or mediastinum. This definition was 
adopted for practical reasons as it includes typical radiation 
fields in a postoperative setting (7). Although the temporal 
relation between locoregional and distant recurrence 
is uncertain in concurrent cases, it can be assumed that 
locoregional recurrence occurred first, and might be the 
cause of the distant recurrence (7). Therefore, we counted 
locoregional recurrence and concurrent distant recurrence 
separately, despite the fact that local treatment such as 
surgery or radiation therapy cannot be used in such cases. 
In the study of Jang and colleagues (8), the locoregional 
pattern differed significantly according to histologic type. 

Its borderline significance in multivariate analysis of 
locoregional recurrence in this study (P=0.081) may be 
consistent with the results of the previous study.

Vessel invasion has already been demonstrated to be 
a prognostic pathological marker for survival in breast, 
colorectal, and head and neck cancers (14). Although LVI 
is not included in the TNM staging system currently used, 
several recent studies reported LVI as an adverse prognostic 
factor for NSCLC recurrence (4-6,14,15). Higgins et 
al. reported LVI as an adverse prognostic factor for the 
development of distant recurrence in their study of the 
patients with NSCLC stage IA to IIIB (6). In the current 
study, we demonstrated that LVI had a significant association 
with high distant recurrence rate (P<0.001) in contrast to 
other pathological factors. This result is consistent with the 
previous study of Higgins and colleagues (6).

In this study, the result of distant recurrence include 
T stage as a significant independent factor, which is in 
agreement with the study of Hung et al. (16), which 
concludes that T stage increases the risk of distant 
metastasis on stage I NSCLC. However, further study 
with NSCLC of advanced stages is warranted as this study 
targets all operable stages.

The retrospective study of Al-Alao and colleagues of 457 
patients with stage I and II NSCLC identified lymphatic 
vessel invasion, excluding intratumoral vascular invasion, 
as a significant predictor of early tumor recurrence (14). 
Univariate analysis revealed a significant difference in 
5-year disease-free survival according to the presence or 
absence of LVI. Shiono et al. studied 547 patients with 
stage II to IV NSCLC and reported LVI as an independent 
significant factor for earlier recurrence by demonstrating a 
significant difference in postoperative recurrence survival 
on univariate analysis (17). We included all operable stages 
of NSCLC in our study and defined LVI as tumor cells 
or emboli in at least one lymphatic or blood vessel. We 
found a 3-fold difference between the 2-year recurrence-
free survival of the LVI positive and negative groups, which 
was statistically significant (44.6% vs. 14.9%, P<0.001). 
This finding is consistent with that of previous studies 
(14,17). Considering this result and identification of LVI 
as a significant prognostic factor for overall recurrence in 
multivariate analysis, the significantly shorter mean RFI 
of the LVI positive group than that of the LVI negative 
group on the Mann-Whitney U test was expected. The 
lack of significance of other factors that were significant in 
multivariate analysis of overall recurrence (pathologic stage, 
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T stage, and N stage) indicates that LVI may be one of the 
factors explaining the high incidence of recurrence within  
2 years in NSCLC patients treated by curative surgery (3,18).  
Therefore, detection of LVI may form the basis for adjuvant 
therapy (14) and meticulous radiologic follow-up during 
the early postoperative period in patients with any operable 
stage of primary NSCLC.

In our study, there was no significantly preferred initial 
recurrence location on LVI positive cases. This is probably 
because lymphatics and blood vessels might be reservoir of 
viable tumor cells and common route for tumor spread.

The limitations of this study are as follows. As 
immunohistochemical stainings were not performed in all 
cases, the underestimation of LVI and PNI was inevitable. 
However, the definitions of LVI and PNI were identical 
to several previous studies (5,7,14,15). Because this 
retrospective study was carried out on a relatively small 
group of patients within a single institution, statistical power 
to make universal conclusions is lacking (14). Pathologic 
stage could not be included in multivariate analysis of 
distant recurrence. That was due to the small number of 
patients although sufficient patients were analyzed to be able 
to demonstrate a relationship between LVI and high distant 
recurrence rate. However, pathologic stage did not appear 
to be a confounding factor; Kaplan-Meier analysis of the 
association between LVI and distant recurrence stratified 
according to pathologic stage was highly significant 
(P<0.001) and was not significantly associated with distant 
recurrence (P=0.215). Further studies with larger numbers 
of patients are warranted. Additionally, more than half of 
the cases were stage I cases, indicating that our findings may 
not be widely generalized. Absence of survival analysis was 
also a limitation of this study, although it is known that the 
prognosis of patients with NSCLC recurrence after surgery 
is poor (19).

In conclusion, T and N stages were significantly related 
to overall recurrence, and pathologic TNM staging showed 
borderline significance for overall recurrence, consistent 
with previous studies (4,11,12). LVI was associated with 
both high overall and distant recurrence rates, as well as 
early tumor recurrence after curative surgery for NSCLC. 
Meticulous radiologic follow-up might be helpful for LVI 
positive cases.
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cardiovascular risk among patients with coronary artery diseases: 
a systematic review and meta-analysis
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Background: Red cell distribution width (RDW) might be a novel biomarker that reflects multiple 
physiological impairments related to atherosclerosis and coronary artery diseases (CAD). We conducted this 
systematic review and meta-analysis to evaluate the association of RDW between all-cause mortality and 
fatal/non-fatal cardiovascular disease (CVD) events in CAD patients.
Methods: Relevant studies were searched and identified in the MEDLINE and EMBASE databases. 
English-language prospective studies that reported risk estimates for RDW and mortality/CVD events were 
included. Data were extracted regarding the characteristics and clinical outcomes, and a quality assessment 
was conducted. Results were extracted for the highest versus lowest RDW level, and meta-analyses were 
carried out using random effects models.
Results: We identified 22 studies enrolling 80,216 participants. The study duration ranged between  
1 month and 23 years. Of the 15 studies that were included in the meta-analysis, higher RDW indicated 
a significant increased risk for all-cause mortality in CAD patients: pooled risk ratio (RR) 2.20 (95% CI,  
1.42-3.39; P<0.0004). The results for fatal, non-fatal and fatal/non-fatal events were: pooled RR 1.80 (95% 
CI, 1.35-2.41; P<0.0001), RR 1.86 (95% CI, 1.50-2.31; P<0.00001) and RR 2.13 (95% CI, 1.20-3.77; 
P=0.01). Heterogeneity was moderately present; however, sensitivity analyses for follow-up duration, CAD 
subtype, or RDW as dichotomous values showed similar results.
Conclusions: The meta-analysis indicates that higher RDW levels are associated with increased risk of 
mortality and CVD events in patients with established CAD.
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Brief summary

The red cell distribution width (RDW) is a quantitative 
measure of the size variation of circulating erythrocytes. 
Of note, RDW might be a novel biomarker that reflects 
multiple physiological impairments related to atherosclerosis 
and coronary artery disease. However, conflicting findings 
have been reported on the association of RDW with risk 
of subsequent cardiovascular (CV) events. We therefore 
conducted this systematic review and meta-analysis to 
synthesize all available evidence of prospective studies on 
this interesting issue.

Introduction

RDW is a quantitative measure of the size variation of 
circulating erythrocytes with higher values reflecting greater 
heterogeneity in cell sizes (1). RDW is routinely reported 
to physicians in clinical practice as part of the automated 
complete blood count (CBC), which mainly served as an 
auxiliary index in the differential diagnosis of microcytic 
anemia (2).

In addition to its traditionally known role, RDW is of 
interest for its potential impact on cardiovascular disease 
(CVD) and mortality risk in general population (3-5). A 
previous meta-analysis and prospective studies have showed 
that higher RDW, even within the normal reference range, 
was strongly associated with increased risk of death and CVD 
risk in community-dwelling adults (3-5). Of note, RDW 
significantly improved mortality risk prediction beyond 
established risk factors, as assessed by several indices of 
model calibration and discrimination. Although the exact 
mechanisms are unclear, this association is provocative 
because it is independent of numerous factors, including 
nutritional status, anemia, inflammation, and others co-
morbidity diseases. Hence, it is possible that RDW is a novel 
biomarker that reflects multiple physiological impairments 
related to atherosclerosis and coronary artery diseases (CAD).

However, conflicting findings have been reported on the 
association of RDW with risk of subsequent CVD events 
during prospective follow-up of individuals with established 
CAD (3-5). With implications for drug development 
and secondary prevention, the pathogenesis of first and 
subsequent CVD events may not be precisely equivalent. 
We therefore conducted this systematic review and meta-
analysis to synthesize all available evidence of prospective 
studies that report the association of RDW in relation 
to all-cause mortality and fatal/non-fatal CVD events in 
patients with prior CAD.

Methods

A prospective protocol of objectives, literature-search 
strategies, inclusion and exclusion criteria, outcome 
measurements, and methods of statistical analysis was 
prepared a priori according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
Statement and the Meta-analysis of Observational Studies 
in epidemiology (MOOSE) guideline (6,7).

Search strategy

Study data were obtained through the following ways: 
searching on PubMed (1948 to January 2013), EMBASE 
(1948 to January 2013) and Cochrane Library database 
included terms “red blood cell distribution width”, 
“mortality” and “CV events” and their corresponding 
index words using the special features in titles and/or 
abstracts. Only human studies were included. To identify 
further potentially relevant studies missed by the electronic 
database search, reference lists of identified trials and review 
reports were manually screened and searches are based on 
English language only. In addition, we verified the search 
strategy by hand-searching the reference lists of primary 
studies, review articles, and clinical guidelines. Email-
alerts with newly published articles from MEDLINE were 
checked until October 1, 2013.

Inclusion and exclusion criteria

Inclusion criteria were the following: (I) serum or plasma 
RDW was the determinant; (II) outcomes: all-cause 
mortality, fatal and/or non-fatal CV events such as CV 
death, myocardial infarction (MI), stroke, heart failure 
(HF) and readmission; (III) paper type: original prospective 
quantitative cohort study (i.e., no review, commentary, case 
reports, editorial); (IV) study performed in participants 
≥18 years. We excluded studies that did not report any of 
the outcomes mentioned above. The titles and abstracts of 
studies identified by the search strategy were independently 
screened by two reviewers (LZ.L. and C.S.). Differences 
between authors were resolved by consensus or by 
consultation of an additional reviewer (X.Z.W). 

Quality assessment and data extraction

A quality checklist was developed to determine the quality 
of the eligible studies based on the PRISMA Statement and 
the MOOSE guideline in combination with a previously 



1431Journal of Thoracic Disease, Vol 6, No 10 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1429-1440www.jthoracdis.com

published quality checklist for observational studies  
(6-8) (see Table 1). Studies were scored based on nine 
quality criteria on a binary scale; including description 
of characteristics of the study population, assessment of 
exposure and outcome, confounding and potential flaws. 
The quality of each study was independently assessed by 
Y.S and W.Y.M and scores were compared for each item 
of the checklist. The scores were summed and quality 
was considered poor [0-4], moderate [5-6], or good [7-9]. 
Studies with potential flaws or rated as poor quality were 
not included.

Of the eligible studies, information including first 
author, years of follow-up, country of origin, name of the 
study, number of participants, participants’ characteristics, 
determination of outcome, RDW concentrations and 
category, and outcome measures were recorded. When 
the report did not contain sufficient details to adjudicate 
the validity of the study, or outcome data were missing, 
attempts were made to contact the authors by email and in 
writing.

Data synthesis and statistical methods

Results reported as count data were presented for all-cause 
mortality, fatal CVD events and non-fatal CVD events: 
adjusted hazard ratio (HR), odd ratio (OR) or regression 

coefficients (β) and 95% confidence interval (CI). We 
extracted the results of the highest versus lowest RDW 
concentrations and used the lowest RDW category as the 
reference. If the study reported more than one estimate, 
only the result of the largest RDW difference was included. 
We transformed risk estimates by taking their natural 
logarithms and calculated the standard errors as follows: 
(Ln upper limit - Ln HR)/1.96. We weighted the natural 
logarithm of the risk estimates by generic inverse variance 
to account for the sample size and distribution of the 
included studies (9).

We used Review Manager  5 .2  (The Cochrane 
Collaboration, Oxford, United Kingdom) to analyze 
the collected data. The results of the included studies 
were pooled and meta-analyses were carried out using 
fixed or random-effects models. Statistical heterogeneity 
between studies was assessed using the chi-square test with 
significance set at P<0.10 and heterogeneity was quantified 
using the I2 statistic. I2 values represent the proportion of 
total variation attributable to heterogeneity rather than 
chance whereby 0% is no observed heterogeneity and 100% 
maximal heterogeneity.

Potential publication bias was evaluated by visual 
inspection of a funnel plot. A priori sensitivity analyses were 
defined to evaluate the stability of the pooled estimates 
and to examine changes in results after excluding specific 

Table 1 Quality checklist based on the PRISMA Statement and the MOOSE guideline

Selection bias

Is the study population clearly described in terms of age, gender, and setting?

Is the percentage of eligible subjects who participated in the study mentioned?

Are participants in the study similar to eligible non-participants, in terms of age, gender, and important disease characteristics?

Were reasons for loss to follow-up presented and assessed during the study for possible systematic attrition? (subjects that did 

not finish the study)

Information bias

Is a clear description provided of the measurement method?

Are clear definitions of each outcome variable provided?

Statistical analyses

Are statistical analyses adequate to answer the research question?

Were multivariable analyses performed? If yes, continue with question 9

Was it clearly described which variables were included in the (multivariable) model(s)?

Final question

Were there any other important flaws in the design or analyses of the study? If yes, study not included

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; MOOSE, Meta-analysis of Observational Studies 

in epidemiology.



1432 Su et al. Red blood cell distribution width in CAD patients

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1429-1440www.jthoracdis.com

studies. The subgroup analyses were preplanned for: length 
of follow-up >4 years, subtype of CAD [acute coronary 
syndrome (ACS), coronary artery bypass grafting (CABG) 
and percutaneous coronary intervention (PCI)] and RDW 
as dichotomous values. The authors had full access to the 
data and take responsibility for its integrity. All authors have 
read and agreed to the manuscript as written.

Results 

Search results

The systematic literature search yielded 353 potentially 
relevant articles. Figure 1 shows the flow diagram for the 
identification process. Briefly, 263 articles were excluded 
based on title and abstract. The remaining 90 studies were 
identified in full-text; 42 studies were excluded for study 
type and outcome. Then, another 26 studies were excluded 
based on study design (n=5 cross-sectional, n=11 case-
control, n=9 data cannot be extracted). The hand search 
did not result in any additional articles. The email alerts 
yielded in two additional studies. Twenty-two studies were 
eligible for quality assessment and ranked according to their 
sum scores (see Table 1), of which 20 studies were grated as 
“good” and 2 as “moderate” quality. Agreement between 
the two reviewers was 97% for study selection and 96% for 
quality assessment of trials.

Study characteristics

Table 2 represents the main characteristics and results of the 

included studies on mortality and CVD events. Of the 22 
studies (10-30), 15 investigated the relation between RDW 
and all-cause mortality, four and eight investigated fatal and 
non-fatal CVD events, respectively. Six studies investigated 
the relation between RDW and fatal and/or non-fatal CVD 
events. The total number of participants was 80,216. The 
population sizes of the studies, all published between 2007 
and 2014, varied between 100 and 29,526. The mean study 
duration ranged between 1 month and 23 years. Overall, 
22 different cohorts were used of which one included only 
men (12). Ten cohorts were conducted in Asia, six in the 
United States and four in Europe; mean age ranged between 
55.6 and 66.6 years. Risk estimates (HRs/ORs), regression 
coefficients, and 95% CI were reported in 15 studies for 
RDW levels (highest vs. lowest) or dichotomous cut-off 
values of RDW, which were include in the subsequent meta-
analysis. Additionally, risk estimates of RDW were reported 
as a continuous variable in seven studies.

RDW and all-cause mortality

Of the 15 studies that were included in the meta-analysis, all 
studies reported positive associations between high RDW 
concentrations and all-cause mortality, except one studies 
reported negative association (16). In the meta-analysis, the 
summary estimates for the highest compared with lowest 
category of baseline RDW indicated a significant increased 
risk for all-cause mortality in CAD patients: pooled risk 
ratio (RR) 2.20 (95% CI, 1.42-3.39; P<0.0004) (Figure 2). 
Heterogeneity was relatively high present (I2 =93%).

Figure 1 Flow diagram of the study selection process.

353 potentially relevant reports identified and 
screened for retrieval from electronic search 

90 full text reports retrieved

48 articles selected

22 articles included in the meta analysis

263 excluded on basis of title and abstract

42 excluded upon full text search:
n =9: no human study
n =15: outcome not cardiovascular events
n= 18: review, commentary and editorial

26 excluded based on study design and 
data:
n =5: cross-sectional
n =11: case-control
n =9: data cannot be extractted
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RDW and fatal/non-fatal CVD events

Four studies investigated excess RDW level and fatal 
CVD events specifically (10,20,21,26). Eight studies 
(10,13,16,17,20,21,26,27) investigated high RDW and non-
fatal CVD events and three studies (14,15,19,24) reported 
the association between RDW and fatal/non-fatal CVD 
events. All studies reported positive associations between 
high RDW concentrations and fatal CVD events. For non-
fatal CVD events, six studies reported positive associations 
and in two studies (16,17) higher RDW was not significantly 
associated with non-fatal CVD events. One study reported 
cardiac events for HF and stroke separately. In the meta-
analysis, the pooled estimates for the highest compared with 
lowest category of baseline RDW indicated a significant 
increased risk for fatal CVD events: pooled RR 1.80 (95% 
CI, 1.35-2.41; P<0.0001), with a moderate heterogeneity 
(I2 =44%). The pooled estimate for non-fatal CVD events 
resulted in a slightly higher association: RR 1.86 (95% CI, 
1.50-2.31; P<0.00001), with a low heterogeneity (I2 =28%). 
The pooled estimate for the overall fatal/non-fatal CVD 
events resulted in a higher association: RR 2.13 (95% CI, 
1.20-3.77; P=0.01; I2 =66%) (see Figure 3). 

Publication bias and sensitivity analysis 

The funnel plot (Figure 4) for studies of RDW and all-
cause mortality shows reasonable symmetry at the top 
of the funnel plot and a little asymmetry at the bottom, 
which suggest some evidence of publication bias for smaller 
studies.

The findings were similar whether fixed or random-
effects models were used. However, sensitivity analyses 
for follow-up duration >4 years only marginally changed 
the results (Figure 5). The inclusion of studies with ACS 
patients attenuated the results; nonetheless, the estimate 
was still significant: RR 1.91 (95% CI, 0.93-3.89; P=0.08; 
I2 =75%). The inclusion of studies with PCI patients 
resulted in a more pronounced estimate and negligible 
heterogeneity: HR 3.23 (95% CI, 1.98-5.27; P<0.0001; 
I2 =0%). No sensitivity analyses were performed for fatal 
CVD events, because of too few studies.

Discussion

Our study provides the first systematic review and meta-
analysis of prospective studies of RDW and total mortality, 
fatal and non-fatal CVD events in populations with 
established CAD. The meta-analysis indicates a significant 
increased risk for RDW excess and all-cause mortality and 
CVD events that range from 80% to 120%.

Our systematic review and subsequent meta-analysis has 
several strengths. This first systematic review gives a broad 
overview of all prospective studies on RDW in relation 
to all-cause mortality and fatal/non-fatal CVD events, 
and provides insight in its associated risks. The systematic 
review and meta-analysis were performed according to 
the PRISMA Statement and the MOOSE guideline and 
included a quality assessment-an important component 
to evaluate the methodological quality (31,32). The 
quality assessment allowed us to distinguish between poor, 
moderate and good quality studies and to the selection of 

Figure 2 Pooled relative risk of RDW and all-cause mortality of the included studies. Risk ratios (RRs) are shown with 95% CIs. RDW, 
red cell distribution width.
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Figure 3 Pooled relative risk of red cell distribution width (RDW) and fatal cardiovascular (CV) events, non-fatal CV events and fatal/
non-fatal CV events of the included studies. Risk ratios (RRs) are shown with 95% CIs.

Figure 4 Funnel plot for red cell distribution width (RDW) and all-cause mortality. Each square indicates one study with its standard 
error indicating the weight of the study and its relative risk. The dotted lines represent 95% CI to visualize the symmetry around the pooled 
estimate.
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only moderate and good quality studies. This resulted in 
studies with multivariable adjusted risk estimates and a large 
number of included CVD cases >80,000. Moreover, the 
present analysis included only prospective cohort studies 
and most follow-ups lasted more than 23 years (30), which 
limits the problem of reverse causation bias.

The meta-analysis of observational studies might be 
influenced by heterogeneity. The variance between the 
included studies could partly be due to differences in 
study populations, RDW assays, outcome definitions, and 
adjustment for confounders. The use of random-effects 
models in our analyses adjusts in part for these variances 
between studies (9). Subgroup analyses were performed 
to test the stability of the pooled estimates. The positive 
association between higher RDW concentrations and CVD 
events was consistent given the similar pooled risk estimates 

for total mortality, fatal and non-fatal CVD events in both 
fixed and random models. This suggests that higher RDW 
level might be involved in pathological processes that lead 
to CVD. Of note, the inclusion of studies with PCI patients 
resulted in a higher HR, which might indicate that PCI 
patients are more prone to RDW excess and thereby have a 
higher risk of developing a secondary CVD event. 

However, it should be noted that the results of our meta-
analysis could not identify whether RDW is a causal factor 
for CVD. The studies in the meta-analysis used different 
approaches to define RDW categories. This might have 
affected our results, although we took into account the 
result of quartile 4 versus quartile 1 when available and 
used this approach consistently for all included studies. 
Sensitivity analyses for RDW and total mortality based 
on RDW quartiles resulted in a similar estimate than 

Figure 5 Forest plots of red cell distribution width (RDW) and all-cause mortality of the included studies: studies with follow-up >4 years; 
B, ACS patients; percutaneous coronary intervention (PCI) patients; studies with RDW categories as quartiles. Risk ratios (RRs) are shown 
with 95% CIs.
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studies that used dichotomous cut-off values: pooled RR 
2.13 (95% CI, 1.24-3.67). RDW cut-off values reflect a 
smaller difference in RDW concentration between RDW 
groups compared with RDW quartiles. However, pooling 
studies that reported cut-off values still showed a significant 
RR, which suggests that moderate elevations in RDW 
concentrations could play a role in the development of 
mortality risk of CAD patients.

Visual inspection of the funnel plot illustrates that 
studies with a smaller standard error at the top of the funnel 
plot were more symmetrically distributed than studies 
with a larger standard error at the bottom of the funnel 
plot (9). This suggests possible publication bias favoring 
smaller studies with significant results, which implies that 
the pooled estimate could be an overestimation of the true 
association; however, the power to detect publication bias 
is low given the limited number of studies. In addition, 
negative studies are less likely to be published and not all 
endpoints of the included studies were adjudicated and 
definitions of end points could be different between studies.

Based on the available prospective studies and the 
absence of randomized controlled trials, this meta-analysis 
highlights a risk factor for subsequent mortality and CVD 
events in populations with established CAD. Randomized 
controlled trials in these persons are therefore warranted to 
determine whether RDW-modifying therapies could result 
in less CVD events. It should be noted that lack of a gold 
standard to measure RDW hampers clinical decision making 
and treatment for subjects with high RDW concentrations. 
Nonetheless, more awareness should be given to individuals 
with a high RDW concentration in CAD populations.

Conclusions

O u r  m e t a - a n a l y s i s  s u p p o r t s  t h a t  h i g h e r  R D W 
concentrations are associated with increased risk of 
subsequent mortality risk and CVD events in established 
CAD patients. Despite the possibility of some publication 
bias, the results provide evidence for positive associations 
considering the quality, direction and magnitude of the 
associations of the included studies. Future studies should 
focus on RDW-modifying therapies to give more insight 
into the underlying mechanisms that might lead to CVD 
events.
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Introduction

Vascular endothelial dysfunction is an early change during 
atherosclerosis, an initial step in the development of 
arteriosclerosis, and also an important sign of arteriosclerosis 
(1,2). In addition, the vascular endothelial dysfunction is 
also an independent predictor of cardiovascular events and 
all-cause mortality (3,4). In clinical practice, brachial artery 
flow-mediated dilatation (FMD) is used to reflect endothelial 
function, which can be evaluated by a noninvasive ultrasound 
technique (5). Compared with the ultrasound machine, 
this new device enables the automatic and rapid tracking of 
FMD over time in a reliable and repeatable way, avoiding the 
inaccuracy due to manual positioning.

The cardiovascular risk factors (CVRF) refer to the 
factors that may increase the occurrence and progression 
of cardiovascular diseases (CVD). Previous studies have 
demonstrated that FMD is associated with CVRF including 
smoking, body mass index (BMI), age, blood pressure (BP), 
blood glucose, and blood lipids. However, the conclusions 
remain controversial. Some investigators believed that 
such correlations were not statistically significant or even 
did not exit (6,7), while others argued that FMD was only 
associated with one or few of these risk factors (8,9). Such 
diversities may be explained by the differences in subjects, 
methodologies, sample sizes, measurement methods of 
FMD, and inclusion of vascular baseline diameters in 
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multivariate analyses. In addition, racial differences have 
been found in FMD (10). While FMD has been found 
to be different between Asian populations and European 
populations, all the previous studies were conducted among 
European or Japanese population. Data from Chinese 
populations are still rare. Therefore, this study was designed 
to explore the potential correlations between FMD and 
CVRF and summarize their features.

Subjects and method

Study population

We retrospectively analyzed the clinical data of 2,511 participants 
who had undergone a health examination at The Third 
Xiangya Hospital of Central South University from March 
1, 2013 to March 31, 2014. All participants received a general 
health questionnaire survey, anthropometric measurement, 
and routine blood sample tests. The questionnaire covered 
demographic background and medical history. Anthropometric 
measurements included height, weight, waist circumference 
(WC) and BP; both height and weight were measured with 
light clothing without shoes. BMI was calculated as body 
weight (kg) divided by the square of body height (m). BP was 
measured on the right upper arm in the sitting position after a 
10-15-minute rest between 7 and 9 AM using a validated digital 
automatic BP monitor. Informed consent was obtained from all 
of the participants prior to entering the study. The study was 
conducted with the adherence to the Declaration of Helsinki 
and with the approval of the Ethics Guidelines Committee of 
the Central South University.

Measurements of laboratory

Blood samples were drawn after overnight fasting (>8 hours) 
for laboratory tests. All lab tests were conducted by certified 
experimental specialists using standard protocols at the 
hospital’s Department of Laboratory. The biochemical tests 
included assessments of fasting glucose, total cholesterol 
(TC), triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C), creatinine (Cr) and uric acid (UA).

Measurements of FMD

We measured FMD according to the international 
guidelines (11) using a vascular ultrasound system equipped 
with an edge-tracking system for 2D imaging and pulsed 

Doppler flow velocimeter for automatic measurement 
(UNEXEF18G; UNEX Co. Ltd.,  Nagoya, Japan). 
Participants were measured between 8 and 12 AM by 
trained and experienced ultrasound doctors. In brief, the 
diameter of the brachial artery at rest was measured in the 
cubital region, and subsequently, the cuff was inflated to 
50 mmHg above systolic BP (SBP) for 5 min and deflated. 
The diameter at the same point of the artery was monitored 
continuously, and the maximum dilatation from 45-60 s after 
deflation was recorded. This method has been validated 
previously (12).

FMD was calculated from the following equation: FMD 
(%) = (maximum diameter diameter at rest) ×100/diameter 
at rest.

CVRF and CVD definition

Hyperlipidemia was defined in accordance with the criteria 
set forth in the guidelines for dyslipidemia control in 
Chinese adults (2007 edition) (13). Total blood lipid level 
was defined as hyperlipidemia if TC, TG, or LDL-C 
were high (TC ≥6.22 mmol/L, TG ≥2.26 mmol/L,  
LDL-C ≥4.14 mmol/L).

Smoking status was defined as non-smoker, occasional 
smoker or regular smoker. The term non-smoker included 
patients who quit smoking >1 month before admission. The 
term occasional smoker included patients who smoking ≥4 
times a week but less than one cigarette Average per day. 
The term regular smoker included patients who smoking >1 
cigarette per day and last over 6 months.

Hypertension was diagnosed previously or newly, based 
on the 2010 Chinese guidelines for the management of 
hypertension (14).

Coronary artery disease. We included in the study 
patients with a history of acute coronary syndrome and/
or confirmed by coronary angiography atherosclerosis of 
coronary vessels.

Diabetes mellitus. Patients with diabetes mellitus 
previously or newly diagnosed during hospitalization were 
taken into consideration.

Statistical analysis

Continuous variables were presented as mean ± standard 
deviation (SD). Categorical variables were compared by 
means of χ2 test. Clinical and characteristics between sexes 
of the study population were compared with the t-test. 
Two-sided P<0.05 was considered statistically significant. 
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One-way analysis of variance (ANOVA) followed by a post-
hoc Student-Newman-Keul’s test was used to determine 
the differences among multiple groups. Relations between 
variables were determined by Spearman correlation 
coefficient analysis. Multivariate regression analyses were 
performed to identify factors associated with FMD in 
risk factors and laboratory data. All data analyses were 
performed using SPSS statistical software, version 20.0 
(SPSS Inc., Chicago, IL, USA).

Results

Baseline data

Table 1 summarizes the baseline data of the subjects. 

A total of 2,511 subjects [1,891 men (75.31%) and 
620  women (24 .69%)]  aged  20 -86  year s  (mean :  
46.86±9.52 years) were enrolled in this study. Among 
them there were 554 hypertensive patients (22.06%), 231 
diabetic patients (9.2%), 872 patients with hyperlipidemia 
(34.72%), 58 patients with coronary heart disease (2.31%), 
221 occasional smokers (8.8%), and 776 frequent smokers 
(30.9%). Except for TC and LDL-C, the other indicators 
showed significant differences between men and women. 
The average FMD value was 6.80±2.49%. Women had 
significantly higher FMD value than men (7.23±2.86% vs. 
6.65±2.43%, P<0.001). Meanwhile, the baseline vascular 
diameter was significantly smaller in women than in men 
(3.52±0.49 vs. 4.33±0.52 mm, P<0.001).

Table 1 Demographics and clinical characteristics of the subjects (mean ± SD)

Variables Total (n=2,511) Male (n=1,891) Female (n=620) P value

Age (year) 46.86±9.52 46.43±8.98 48.15±10.91 <0.001

BMI (kg/m2) 25.16±3.18 25.75±2.97 23.33±3.13 <0.001

WC (cm) 85.95±9.29 88.60±8.02 77.88±8.19 <0.001

SBP (mmHg) 125.83±16.60 126.67±15.24 123.26±19.98 <0.001

DBP (mmHg) 80.15±11.77 81.50±11.53 76.02±11.54 <0.001

Fasting glucose (mmol/L) 5.40±1.48 5.48±1.57 5.18±1.13 <0.001

TC (mmol/L) 5.08±0.99 5.07±0.98 5.11±1.05 0.456

TG (mmol/L) 2.07±1.76 2.31±1.91 1.34±0.80 <0.001

LDL-C (mmol/L) 2.70±0.87 2.68±0.86 2.76±0.92 0.08

HDL-C (mmol/L) 1.47±0.37 1.37±0.32 1.75±0.38 <0.001

Cr (μmol/L) 72.83±15.93 78.33±13.13 56.07±11.35 <0.001

UA (μmol/L) 324.71±89.24 353.58±76.97 236.68±62.45 <0.001

Hypertension, n (%) 554 (22.06) 413 (21.84) 141 (22.74) 0.638

Diabtes mellitus, n (%) 231 (9.20) 189 (9.99) 42 (6.77) 0.016

Hyperlipidaemia, n (%) 872 (34.72) 746 (39.45) 126 (20.32) <0.001

CVD, n (%) 58 (2.31) 40 (2.11) 18 (2.90) 0.257

Smoking, n (%) 

Non-smoker 1,514 (60.29) 908 (48.02) 606 (97.74) <0.001

Occasional smoker 221 (8.80) 212 (11.21) 9 (1.45) <0.001

Regular smoker 776 (30.90) 771 (40.77) 5 (0.80) <0.001

FMD (%) 6.80±2.49 6.65±2.43 7.23±2.860 <0.001

Baseline brachial artery diameter, mm 4.12±0.62 4.33±0.52 3.52±0.49 <0.001

Note: SD, standard deviation; BMI, body mass index; WC, waist circumference; BP, blood pressure; SBP, systolic blood pressure; 

DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; CVD, cardiovascular disease; FMD, flow-mediated dilatation. P<0.05 

is considered statistically significant. 
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Associations between FMD and CVRF

Analysis of the associations between FMD and the reported 
CVRF showed that FMD was significantly correlated 
with age (r=–0.413, P<0.001), BMI (r=–0.164, P<0.001), 
WC (r=–0.184, P<0.001), SBP (r=–0.303, P<0.001), DBP  
(r=–0.223, P<0.001), fasting glucose (r=–0.189, P<0.001), 
TC (r=–0.104, P<0.001), TG (r=–0.413, P<0.001), LDL-C  
(r=–0.063, P=0.001), HDL-C (r=0.042, P=0.035), Cr 
(r=–0.055, P=0.006), UA (r=–0.102, P<0.001), and baseline 
brachial artery diameter (r=–0.336, P<0.001) (Table 2). 
Multivariate linear regression analysis showed that the 
following CVRF were entered into the stepwise regression 
equation: age (t=–16.068, P<0.001), gender (t=–5.090, 
P<0.001), BMI (t=3.408, P<0.001), WC (t=–2.554, P<0.001), 
SBP (t=–6.498, P<0.001), fasting glucose (t=–2.610, P=0.009), 
TC (t=–2.467, P=0.014), smoking (t=–2.943, P=0.003), and 
baseline brachial artery diameter (t=–15.946, P<0.001) (Table 3).

Relationship between FMD and gender

Analysis on the relationship between FMD and gender 
showed that: in men, age, BMI, WC, SBP, DBP, fasting 

glucose, TC, TG, and baseline brachial artery diameter 
were significantly correlated with FMD (all P<0.001); 
in women, age, BMI, WC, SBP, DBP, fasting glucose, 
TC, TG, LDL-c, HDL-c, UA, and baseline brachial 
artery diameter were significantly correlated with FMD 
(all P<0.001). The major five CVRF were defined as 
hypertension, diabetes, hyperlipidemia, coronary heart 
disease, and smoking. The subjects were grouped based on 
the number of their major CVRF (Figure 1). FMD gradually 
decreased with the increase of the number of major CVRF. 
Among subjects without any major cardiovascular risk 
factor, the FMD values were higher in women than in men; 
among subjects with one or more major CVRF, the FMD 
values were lower in women than in men. The differences 
between women and men increased along with the increase 
of the number of major CVRF.

Relationship between FMD and age

The 20-86-year-old subjects were grouped according to their 
ages (ten 5-year groups) (Figure 2). The potential relationship 
between FMD and age was evaluated in subjects with different 

Table 2 Univariate correlations between FMD and clinical characteristics in the overall population and in different gender

Variables
All population (n=2,511) Male (n=1,891) Female (n=620)

r P value r P value r P value

Age (year) –0.413 <0.001 –0.361 <0.001 –0.584 <0.001

BMI (kg/m2) –0.164 <0.001 –0.093 <0.001 –0.304 <0.001

WC (cm) –0.184 <0.001 –0.108 <0.001 –0.376 <0.001

SBP (mmHg) –0.303 <0.001 –0.221 <0.001 –0.462 <0.001

DBP (mmHg) –0.223 <0.001 –0.171 <0.001 –0.320 <0.001

Fasting glucose 

(mmol/L)
–0.189 <0.001 –0.160 <0.001 –0.239 <0.001

TC (mmol/L) –0.104 <0.001 –0.052 0.023 –0.247 <0.001

TG (mmol/L) –0.139 <0.001 –0.062 0.007 –0.272 <0.001

LDL-C (mmol/L) –0.063 0.001 –0.006 0.0797 –0.230 <0.001

HDL-C (mmol/L) 0.042 0.035 –0.028 0.217 0.079 0.048

Cr (μmol/L) –0.055 0.006 0.038 0.098 –0.069 0.085

UA (μmol/L) –0.102 <0.001 –0.015 0.511 –0.213 <0.001

Baseline brachial 

artery diameter, mm

–0.336 <0.001 –0.311 <0.001 –0.421 <0.001

Coefficients (r) and P values were calculated with the spearman correlation analysis for continuous variables. BMI, body mass 

index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; 

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; FMD, flow-

mediated dilatation. P<0.05 is considered statistically significant. 
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number of major CVRF. Among all subjects, the FMD was 
significantly higher in women than in men in the 20 to 55 
age groups. It significantly declined in the 40-45 age group 
in women; however, it showed no significant difference 
between women and men in the 55 and over age groups. 
Among subjects without major CVRF, the FMD values were 
significantly higher in women than in men in the 55 and under 
age groups, similar in the 55-59 age group, and significantly 
lower in the 60 and over age groups. Among subjects with 
major CVRF, the FMD values were higher in women than in 
men in the 45 and under age groups but showed no significant 
differences in the 45 and over age groups.

Discussion

It is well known that the CVRF can bring damage to 
vascular endothelium (15). As the biggest endocrine 
organ in human body, vascular endothelium maintains 
the normal systolic and diastolic conditions of blood 
vessels by secreting NO, endothelin-1, prostacyclin, 
bradykinin, and other factors. A decreased secretion of NO 

Table 3 Multivariate analysis of the relation between flow-
mediated vasodilation and variables

Variables β T value P value

Age (year) –0.298 –16.068 <0.001

Gender –0.122 –5.090 <0.001

BMI (kg/m2) –0.125 –3.408 0.001

WC (cm) –0.100 –2.554 0.011

SBP (mmHg) –0.124 –6.498 <0.001

Fasting glucose 

(mmol/L)

–0.046 –2.610 0.009

TC (mmol/L) –0.043 –2.467 0.014

Smoking –0.056 –2.943 0.003

Baseline brachial 

artery diameter (mm)

–0.354 –15.946 <0.001

BMI, body mass index; WC, waist circumference; SBP, 

systolic blood pressure; TC, total cholesterol.

Figure 1 Illustration of FMD, flow-mediated dilatation depending on 
number of coexisting risk factors/diseases; 0, no risk factors/diseases; 
1, have one risk factors/diseases; 2, have two risk factors/diseases; ≥3, 
have more than three factors/diseases. FMD, flow-mediated dilatation; 
CVRF, cardiovascular risk factors; CVD, cardiovascular disease.

Figure 2 (A) Line graphs show FMD in all subjects classified 
into 10 groups based on 5-year of age; (B) line graphs show FMD 
in men and women classified into 10 groups based on 5-year of 
age in the no risk group; (C) line graphs show FMD in men and 
women classified into 10 groups based on 5-year of age in the 
cardiovascular risk factor and cardiovascular disease groups. CVRF, 
cardiovascular risk factors; CVD, cardiovascular disease; FMD, 
flow-mediated dilatation.

A

B

C
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by vascular endothelium is manifested as endothelium-
dependent diastolic dysfunction (16). In our current study, 
we determined the NO secretion to reflect the changes 
in vascular diastolic function, or by measuring the FMD 
value to reflect the endothelial dysfunction. In addition, we 
explored the potential relationships between the decline of 
FMD and the major CVRF.

We found that, among the various CVRF, age, gender, 
BMI, waist, SBP, fasting glucose, TC, smoking, and baseline 
brachial artery diameter are independent predictors of FMD. 
The relationships between FMD and CVRF have been 
reported in many literatures. Among them 18 studies are 
listed in Table 4. The included variables include age, sex, 
SBP, EPO, BMI, DBP, FPG, TC, HDL-c, Cr, UA, hsCRP, 
insulin, smoking, alcohol use, hypertension, dyslipidemia, 
diabetes mellitus, hyperuricemia, baseline brachial artery 
diameter, metabolic syndrome (MetS), and Framingham 
risk score. Multivariate analyses resulted in different 
conclusions. Schnabel et al. (22) believed FMD was 
associated with age, sex, BMI, SBP, DBP, TC, HDL-c, TG, 
C-reactive protein, hypertension, hypertension treatment, 
and dyslipidemia, whereas Philpott et al. (8) argued FMD 
was only associated with SBP. Although Mizia-Stec et al. (6) 
agreed FMD was associated with CVRF, he insisted that 
such correlations were limited among populations at high 
risk of CVD. Among these studies, disputes existed even 
in a single indicator. Maruhashi et al. (19) believed UA was 
an independent risk factor of impaired endothelial function 
in postmenopausal women, while Oikonen et al. (7) argued 
that UA was not correlated with the endothelial function. 
Thus, there is no definite conclusion on the associations 
between FMD and CVRF. As shown in our current study, 
FMD was correlated with the traditional CVRF including 
BP, blood sugar, blood lipid, obesity, and smoking, in 
particular the baseline brachial artery diameter; however, it 
was not correlated with Cr and UA. In our study, we further 
listed hyperlipidemia, hypertension, diabetes, coronary 
heart disease, and smoking as the five major risk factors. 
Grouping based on the number of risk factors showed that 
the FMD value declined along with the increase of the 
number of risk factors. Therefore, we can conclude that 
these CVRF can bring damage to vascular endothelium and 
then cause the decreased vasodilation capacity, resulting in 
the decline of FMD value.

FMD has shown certain racial differences (10). In their 
study on 5,000 German subjects aged 55.5±10.9 years, 
Schnabel et al. (22) found that the baseline FMD value was 
8.08±4.88% among all the subjects, 6.53±3.73% in men, 

9.69±5.39% in women; meanwhile, the baseline brachial 
artery diameter was 4.32±0.82 mm in all the subjects, 
4.89±0.59 mm in men, and 3.74±0.59 mm in women. 
Oikonen et al. (7) studied 1,985 Finnish subjects aged 30-45 
years and found that the FMD value was 7.64±3.79% in men 
and 9.88±4.84% in women. Maruhashi et al. (18) studied 
5,314 Japanese subjects aged 46±13 years and found the 
average FMD value was 6.16±3.26% and the brachial artery 
diameter was 4.01±0.60 mm. In our current study, we found 
that, among the 2,511 Chinese subjects, the average FMD 
value was 6.80±2.49 mm and the brachial artery diameter 
was 4.12±0.62 mm. Thus, the FMD value is higher in the 
Caucasian populations than in East Asian populations but is 
basically the same between Chinese and Japanese. This can 
be explained both by the differences in the diastolic function 
and baseline brachial artery diameter among different 
populations and by the different measurement methods. 
Therefore, it is necessary to carry out studies on the CVRF 
that may affect the vascular endothelial dysfunction among 
different races and populations.

In our current study, women had higher FMD values 
than men, which was consistent with the previous study 
(29,30), suggesting the endothelial function is better in 
women than in men. However, further multivariate analysis 
showed that the difference in FMD between women and 
men might be due to the different baseline brachial artery 
diameter, which was smaller in women than in men; as 
a result, the vascular dilatation function differs between 
men and women. In our current study, we also explored 
the impacts of CVRF on FMD in men or women. Along 
with the increase of the number of CVRF, the FMD values 
declined in both men and women. Among subjects without 
any major cardiovascular risk factor, the FMD values were 
higher in women than in men; among subjects with one or 
more major CVRF, the FMD values were lower in women 
than in men; furthermore, the difference of the FMD values 
between women and men was even larger in subjects with 
more major CVRF. Obviously, these major CVRF have 
larger impacts on women. After the subjects were grouped 
according to age, comparisons of the FMD values among 
subjects with different age and gender showed that the 
vascular endothelial function dramatically declined in the 
40 and over age groups; however, the differences in the 
FMD values between women and men were not statistically 
different in the 55 and over age groups. We then further 
divided our subjects into two groups: subjects with major 
CVRF and those without major CVRF. In subjects with 
major CVRF, the FMD value dramatically decreased in 
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the 40 and over age groups; however, the differences in the 
FMD values between women and men were not statistically 
different in the 45 and over age groups. In subjects without 
major CVRF, the changes in the FMD value were basically 
consistent with the general populations. In women, the age-
related endothelial dysfunction is associated with the decline 
of female hormones. Among them the estrogen level begins 
to fall in the 40-45 age group; during the perimenopause 
stage (45-55 years), the female hormone levels further 
decline. Thus, among women without major CVRF, the 
vascular endothelium is no longer protected by estrogen, 
and the FMD value, which reflects the vascular endothelial 
function, is no longer different between women and men. In 
contrast, in women with major CVRF, the decline of FMD 
value arrives early and becomes similar as that in men after 
the age of 45 years, suggesting that the protective effect of 
estrogen on endothelial dysfunction is offset by the CVRF. 
This is consistent with the previous reports. However, we 
divided the subjects on a 5-year basis, which was different 
from the 10-year grouping in other studies. Therefore, while 
Tomiyama et al. (26) and Maruhashi et al. (18) proposed that 
the cut-off age for the same FMD value between women 
and men was 50 years, we, on the basis of a smaller age 
interval, found it would be 55 years.

However, our study had some limitations. First, the 
sample size of women in our study was relatively small 
because our subjects were recruited from individuals who 
had received health check-ups and there were far more males 
receiving vascular disease screening in China mainly due to 
the income levels and the awareness about health and disease. 
Second, due to the lack of follow-up data, we were not able 
to elucidate the impacts of CVRF on FMD. Further follow-
up of these subjects will be included in our future studies.

Conclusions 

To conclude, FMD measurement is one of the useful 
methods for assessing the arterial endothelial function, 
which is correlated with multiple CVRF. FMD has shown 
certain racial differences. Our study, for the first time, 
explored the correlations of FMD with CVRF and its 
age- and gender-related specificities in a large Chinese 
population. We hope the findings of this study may shed a 
light on similar research on the endothelial dysfunction and 
cardiovascular events in Chinese populations and provide 
evidences for the establishing the FMD threshold values 
that suit the Chinese populations.
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Introduction

In recent years, with the improvement of people’s health 
awareness and the development of imaging technology as 
well as the application of lung cancer screening, pulmonary 
ground-glass opacity (GGO), especially solitary nodular 
ground-glass opacity (SNGGO), has attracted more and 
more attention from clinicians due to its difficulty in 
diagnosis through non-invasive examination. In literature, 
GGO is used to describe a finding on high-resolution CT 

(HRCT) of the lung in which “hazy increased attenuation 
of the lung with preservation of bronchial and vascular 
margins” is seen. It could be caused by partial filling of air 
spaces, interstitial thickening, partial collapse of alveoli, 
normal expiration, or increased capillary blood volume. It 
may be associated with an air bronchogram. The literature 
further pointed out that GGO should not be confused with 
“consolidation”, in which bronchovascular margins are 
obscured. Moreover, GGO has the characteristics of small 
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size (usually <20 mm in diameter), low density, and atypical 
morphology at the same time (1). This study is designed 
to investigate the treatment approach and prognosis 
of SNGGO. Forty-nine cases of SNGGO admitted 
by our hospital from June 2011 to February 2014 were 
retrospectively reviewed, and the experiences in treating the 
49 cases are reported here in reference with literatures.

Patients and methods

Patients

We retrospectively studied patients with pulmonary nodules 
who met the following criteria: (II) HRCT showed the 
lesions were GGO; (II) lesion of ≥5 mm in diameter; (III) 
GGO proportion of ≥50%; and (IV) the lesion persisted 
or continued growing after 2 weeks’ anti-inflammatory 
treatment. 

Surgical procedure

After adequate preoperative preparation, patients received 
surgical treatment. For those with small or deeply located 
lesion, methylene blue tattooing or hookwire positioning 
was performed before surgery. Double-lumen endotracheal 
intubation and intravenous general anesthesia were 
performed and three incisions were made: a 3 cm incision 
in the 3rd or 4th intercostal space at the anterior axillary 
line as the primary operating hole; a 1 cm incision in the 
7th or 8th intercostal space at the middle axillary line as 
the observation hole; and a 1 cm incision in the 7th or 8th 
intercostal space at the infrascapular line as the auxiliary 
operating hole. After that, a wedge resection was made 
by Endo-GIA stapler, and the specimens were put in the 
endobag and removed from the main port. The GGO 
were resected from the specimens, marked with suture, and 
diagnosed by intraoperative frozen section. If the GGO was 
benign, the chest was closed. If it was malignant, lobectomy 
plus lymph node dissection was performed; for those who 
cannot tolerate, lung segment resection or pulmonary 
wedge resection was performed.

Statistical analyses

SPSS13.0 software is used to analyze the data. Chi-
square test is adopted to evaluate the correlation between 
malignancy and patient age, gender, lesion size and location. 
P<0.05 is recognized as the level of significance.

Results

General information

Among patients admitted by our hospital from June 
2011 to February 2014, 49 met the inclusion criteria 
and were included for further analysis in this study. The 
49 cases included 12 male and 37 female patients aged  
53.54±12.57 years. Of these patients, 23 showed no 
symptom and the GGO were detected during physical 
checkup; the other 26 patients were hospitalized due to 
varying degrees of cough, chest pain, chest discomfort 
or other symptoms. After 2 weeks’ anti-inflammatory 
treatment, the lesions persisted or continued growing. 
The size of the GGO in this study ranged from 5×7 to 
15×18 mm. Specifically, 20 cases was <10 mm in diameter, 
other 29 cases was 10-20 mm, and none of them was  
>20 mm. Seventeen lesions were located in the upper right 
lung, 3 in middle right, 7 in lower right, 12 in upper left, 
and 10 in lower left (Figure 1A-E). None of the patients had 
pathological diagnosis before the surgery.

Surgical treatment

Intraoperative frozen section showed 43 cases of 
malignancy (87.75%), among which 36 cases received VATS 
lobectomy and seven received simple wedge resection or 
pulmonary segment resection due to poor lung function. 
No metastasis was detected during lymph node dissection 
or sampling. For six non-malignant cases, two cases were 
atypical adenomatous hyperplasia (AAH) (4.09%), and four 
cases were benign and received lesion resection only. No 
operative deaths occurred. Four patients had pulmonary 
infection after surgery but were all cured after proper 
treatment.

Postoperative pathological diagnosis

Postoperative pathological analysis results were in 
agreement with intraoperative frozen section results. For 
details, 43 cases were primary adenocarcinoma or micro-
infiltrating adenocarcinoma; two cases were AAH of 
alveolar epithelia; one case was hyaline nodules; one case 
was chronic inflammation of lung tissue combined with 
focal vasodilation, hemorrhage and interstitial fibrosis; 
one case was normal lung tissue; and one case was focal 
angiogenesis and epithelial hyperplasia. Postoperative 
pathological staging for 43 malignant cases were all Ia.
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Postoperative outcome

The patients were followed up for 1 to 30 months with a 
median follow-up time of 19 months. Neither recurrence 
nor metastasis was detected during the follow-up period.

Correlation analyses

Correlation between malignancy and patient age, gender, 
lesion size and location was analyzed by chi square test and 
the results were shown in Table 1. No correlation was found 
between malignancy and patient age, gender, lesion size or 
location.

Discussion

Pulmonary GGO is one of the hot spots in clinical 
research of lung in recent years. Pulmonary GGO can 
be clouding or nodular, solitary or multiple. SNGGO is 
often found in lung cancer screening. Due to its high rate 
of malignancy and difficulty in diagnosis, it was much 
more studied by radiologists in the initial stage (2-5). 
According to whether there is a solid component within the 
composition, lesions are divided into pure GGO (pGGO) 

and mixed GGO (mGGO). In this study, most of the cases 
are pGGO. Because only three cases of GGO containing 
solid component were adenocarcinoma, the proportion 
of the cases was very small, and the analysis results had 
no statistical significance, the further discussion was not 
performed. In the future, when this type cases are adequate, 
the analysis of this type cases will be performed separately.

Currently there is still no non-invasive method that 
can accurately diagnose SNGGO. As reported by Infante  
et al. (6), PET has low sensitivity for nodular GGO (25%), 
therefore is not considered as a routine diagnostic method. 
As for invasive diagnostic methods, there are mainly two 
types:

(I)	 CT-guided lung biopsy: for nodular GGO that 
persists after antibiotic treatment, CT-guided lung 
biopsy can identify patients that require surgical 
resection. As reported by Kim et al. (7), this method 
has few complications and has a positive predictive 
value of 97% and a negative predictive value of 
75%, so it is commonly used for the identification of 
nodular GGO. As reported by Godoy et al. (8), CT-
guided lung biopsy has an overall diagnostic rate of 
only 64.6%, and the rate is even lower for lesions 

Figure 1 Representative SNGGO in patients. (A) SNGGO in right upper lobar (white arrow), female, 56 years, adenocarcinoma in situ; 
(B) SNGGO in right middle lobar (white arrow), male, 61 years, adenocarcinoma; (C) SNGGO in right lower lobar (white arrow), male,  
63 years, adenocarcinoma; (D) SNGGO in left upper lobar (white arrow), male, 54 years, adenocarcinoma; (E) SNGGO in left lower lobar 
(white arrow), female, 50 years, adenocarcinoma. SNGGO, solitary nodular ground-glass opacity.

A B

D E
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with a diameter ≤10 mm and GGO >50%, which 
is about 35.2%. It was reported that for patients 
diagnosed with adenocarcinoma in biopsy, treatment 
with radiofrequency ablation achieved nearly 100% 
1-, 3-, and 5-year survival (9). This outcome is 
comparable to that of surgical resection, but only 
in the context of clear diagnosis. A negative biopsy 
result cannot rule out the possibility of malignancies; 
missed diagnosis and misdiagnosis are common.

(II)	 VATS-guided wedge resection: intraoperative rapid 
frozen section can be made for clear diagnosis, 
so that diagnosis and treatment of GGO can be 
performed simultaneously. All malignant cases in this 
study were adenocarcinoma. It has been reported 
that for GGO diagnosed as adenocarcinoma, 
minimally invasive wedge resection is superior to 
lobectomy because the former can better reserve 
lung function (10). Limited resection (e.g., a wedge 
resection or segmentectomy) can greatly reserve 
pulmonary function, reduce trauma, achieve quick 
recovery, reduce complications, especially in patients 
with poor pulmonary function, as well as reduce 
economic burden for patients at the same time. 
However, limited excision also has some limitations: 

extrusion could cause metastasis in the process of 
palpation or resection, and inadequate resection 
margin may lead to recurrence. Therefore, regular 
follow-up for imaging examination and treatment 
is highly recommended. Based on our experience, 
we propose that for patients with tolerability in 
lung function, especially young patients, lobectomy 
shall be recommended. However, there’s currently 
no solid evidence to support this idea, and long-
term follow-up of large number of cases needs to 
be conducted. For GGO near the hilum and larger 
than 10 mm in diameter, lobectomy is considered 
if lung function permits (11). But if the diameter of 
the lesion is 5-10 mm, we suggest regular review of 
the case, and if the solid component is more than 
50%, lobectomy is recommended. For GGO hard 
to be found during surgical procedure, the patient’s 
HRCT was pored over by the surgeon in order to 
locate the lesion, and the lung tissue containing 
GGO according to the corresponding position of the 
CT image was resected for frozen section analysis. 
In some cases, multiple wedge resections were 
needed and continuous frozen section analysis was 
performed by surgeon and pathologist collaboratively 
until the lesion was found.

Some scholars suggested that the size of GGO lesion 
is of significance in the diagnosis of malignancy (12). In 
the current study, the size of the 49 cases of GGO ranged 
from 5×7 to 15×18 mm. Sixteen of the 20 cases that had a 
lesion of 5-10 mm in diameter were malignant, accounting 
for 80%; and 27 of the 29 cases that had a lesion of 10-
20 mm in diameter were malignant, accounting for 93%. 
It seems that bigger lesion size indicates higher rate of 
malignancy, but exact probability analysis showed no 
significant correlation between the two (P=0.662), which 
is in accordance with the results reported by Li et al. (13). 
Therefore, cautions shall be taken when taking lesion size 
into diagnostic consideration. For lesions less than 5 mm 
in diameter, we recommend continuous follow-up for these 
cases. If the lesion has no change, HRCT should be taken 
every three months for the 1st year and every 6 months 
after 1 year. If expansion of the lesion or obvious solid 
component is observed, surgical resection is recommended. 

As for the location of the lesion, although in the current 
study, it seems that GGO tends to occur in the upper lobe 
of the lung, it doesn’t help identify the nature of the lesion 
either (P=0.115).

In this study, all malignancies were adenocarcinoma. 

Table 1 Correlation between malignancy and patient age, 
gender, and lesion size and location

Characteristics
SNGGO 

(n=49)

Malignant 

(n=43)
P value

Age (years) 0.814

≥60 20 19

<60 29 24

Gender 0.081

Men 12 9

Women 37 34

Size (mm) 0.662

≥10 29 27

<10 20 16

Location 0.115

Right upper lobar 17 16

Right middle lobar 3 2

Right lower lobar 7 6

Left upper lobar 12 11

Left lower lobar 10 8

SNGGO, solitary nodular ground-glass opacity.
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Nine of the 12 male patients (75%) and 34 of the 37 female 
patients (92%) were malignant. Female seems to have a 
higher rate of malignancy than male, but chi-square test 
showed no significant difference between them (P=0.08). 
The negative result may be due to the insufficient number 
of patients in this study.

Two cases of AAH of alveolar epithelium in this study 
had a >10 mm lesion, and received lung segment resection. 
World Health Organization has suggested that AAH is a 
putative precursor to lung adenocarcinoma, the initial stage 
in the process of adenoma—bronchioloalveolar carcinoma 
(BAC) (BAC, currently renamed as adenocarcinoma in situ 
or AIS)—invasive adenocarcinoma. As for whether non-
cancerous solitary AAH should be surgically resected, no 
consensus has been reached at present. But if the patient has 
high risks of lung cancer, minimally invasive surgery might 
be worthy.

Generally speaking, nodules stable for over 2 years or 
calcified need no further treatment. However, there’re 
cases where the nodule has been stable for over 2 years but 
turned out to be malignant when surgically resected. When 
nodular GGO is found in lung CT scan, imaging features 
including the density, size of the lesion and existence of 
solid components should be carefully analyzed. Lung CT 
scan showing lobulation, speculation, vascular convergence, 
etc. should be actively examined and treated. Specialty 
Committee of Lung Cancer has suggested in Clinical 
Guidelines for the Diagnosis and Treatment of Lung Cancer 
that “solitary nodular lesions of the lung should receive 
thoracoscopic resection of the tumor or thoracotomy for 
tumor resection plus intraoperative frozen section, so as 
to perform diagnosis and treatment simultaneously” (14). 
Some Chinese experts suggested that for micro lesion of 
the lung that persisted after 2 weeks of anti-inflammatory 
therapy or 1 month of anti-tuberculosis therapy, minimally 
invasive surgery should be performed for definitive 
diagnosis and complete recovery (15). 

Conclusions

In summary, according to the results of our research, 
SNGGO has high tendency of canceration. Prognoses 
after surgical resection in patients with malignant SNGGO 
nodules are favorable. Neither local recurrence nor 
metastases occurred irrespective of nodule number, size, 
surgical method, presence of size change before surgical 
removal, or histopathological diagnosis. VATS-guided 
resection of tumor plus intraoperative frozen section 

with preservation of lung volume and adequate follow-up 
imaging studies are recommended for both diagnosis and 
treatment. Since the number of cases is limited and the 
follow-up time is relatively short in this study, long-term 
prognosis of SNGGO requires further investigation.
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Introduction

Coronary artery disease and ischemic cardiomyopathy 
represent the leading cause of heart failure and continue to 
grow at exponential rates (1). After myocardial infarction 
(MI), myocardial cells die, cardiac fibroblasts proliferate, 
and results in pathologic fibrosis. Cardiac fibroblasts 
constitute more than 90% of the non-myocytes and 
play an essential role in the physiology of the heart. 
Cardiac fibroblasts produce extracellular matrix proteins 

and synthesize angiogenic and cardioprotective factors. 
Although cardiac fibroblasts are known to be resistant to 
apoptosis and to remain metabolically active in situations 
compromising cell survival, the underlying mechanisms are 
unknown (2). Cardiac fibrosis is an important contributor 
to the development of cardiac dysfunction in diverse 
pathological conditions, such as ischemia, and is typically 
characterized by uncontrolled proliferation of fibroblasts 
and excessive deposition of extracellular matrix proteins in 
the myocardium (3-5).
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Caveolae are plasmalemmal invaginations enriched in 
cholesterol, glycosphingolipids, and lipid-anchored proteins 
relative to the bulk of the plasma membrane, and caveolae 
biogenesis and function depend on two distinct caveolar 
components: caveolins and cavins (6-9). The caveolin gene 
family consists of three distinct genes: namely, caveolin-1, 
caveolin-2, and caveolin-3 (10-14). Caveolin-1 is a 
cholesterol-binding and integral membrane protein that 
regulates a variety of cellular processes, including integrin 
turnover and signal transduction pathways controlling cell 
proliferation and apoptosis (14-17). Caveolin-3 appears to 
be muscle specific and is expressed in cardiac, skeletal, and 
smooth muscle cells, whereas caveolin-1 and caveolin-2 
are usually coexpressed and are particularly abundant 
in endothelial cells, fibroblasts, smooth muscle cells, 
adipocytes, and epithelial cells (12-14,18,19). Caveolin-1 
has recently been found to be involved in the pathogenesis 
of ischemic injury (14,20-22). Cavins are also structural 
components of caveolae and has four isoforms.

Phosphatase and tensin homolog (PTEN) is a dual lipid/
protein phosphatase that negatively regulates proliferation 
by repressing the integrin/PI3K/Akt pathway (15,23-30).  
In the cytoplasm, PTEN inhibits PI3K signaling by 
transforming PIP3 into PIP2 (31). Activated Akt positively 
regulates cell growth or activity, but negatively regulates 
cell autophagy and apoptosis. At low levels of PTEN 
in cytoplasm, PIP3 accumulates, and both Akt and 
phosphoinositide-dependent kinase-1 (PDK1), which contain 
a PH domain, binds to membrane-bound PIP3. Once bound 
to the membrane, PDK1 and the mammalian target of 
rapamycin1 (mTOR1) activate Akt through phosphorylation 
at various sites (32). Amino acid sequence analysis of PTEN 
indicates that PTEN contains the caveolin-1 consensus 
binding sequence OXOXXXXO corresponding to amino 
acids 271-278 (FHFWVNTF), where O represents the 
aromatic amino acid phenylalanine (F) (15,33). This 
suggests a relationship between caveolin-1 expression and 
PTEN function. However, it is unknown that whether 
caveolin-1 and PTEN, together, modulate cardiac fibroblast 
proliferation and phenotypic switch under hypoxia.

Materials and methods

Animal Model of acute MI and left ventricular function assay

Male C57BL/6 mice (Nanjing medical university laboratory 
animal center, Nanjing, China) were subjected to permanent 
ligation of left anterior descending coronary artery (LAD) 

to induce MI (n=10) (34). Sham-operated mice were used 
as controls. Sham-operated group (n=6). Mice underwent 
echocardiography at 7, 14 and 28 days, after surgery.  
Trans-thoracic echocardiography was performed with a  
14 MHz il3L linear probe (Vivid 7 Ultrasound Machine, GE 
Medical). Data of heart function was measured according 
to modified recommendations by the American Society of 
Echocardiography. A mean value of 3 measurements was 
examined at day 7, 14 and 28. Hearts were also harvested 
at day 7, 14 and 28 for Masson trichrome staining, 
immunohistochemical staining and western blot analysis 
(n=6-10/group).

Cell culture

We obtained neonatal cardiac fibroblasts from the heart of 
1-3-day-old C57BL/6 mice (Nanjing medical university 
laboratory animal center, Nanjing, China). After digestion 
of the hearts with Type-2 Collagenase (Gibco, New York, 
USA), cells were pelleted and seeded in 10-cm FALCON 
polystyrene dishes (Corning, NY, USA), and incubated 
for 120 min in media containing High glucose Dulbecco’s 
modified Eagle’s medium (DMEM, GIBCO, Inc., USA), 
with 10% fetal calf serum (PAA, Dartmouth, MA), and 
antibiotics at 37 ℃ and 5% CO2. After 2 hours, the medium 
was removed to eliminate cardiomyocytes that did not 
attach to the non-coated plates, and replaced with fresh 
medium. Cardiac fibroblasts were allowed to grow until 
confluence, then trypsinized, and passaged twice before 
use. For induction of cellular hypoxia, cells were replaced 
by DMEM without glucose (GIBCO, Inc., USA) and 
incubated at 37 ℃ with 5% CO2, 1% O2 and 94% N2 in a 
GENbag anaer (bioMerieux® sa, Marcy I’Etoile, France) 
for 6, 12, 24, and 48 h. At these culture conditions, cardiac 
fibroblasts experienced varying levels of hypoxia in the 
presence or absence of methyl-β-cyclodextrin (MβCD,  
2 mM) (Sigma, Inc., Germany), which binds cholesterol and 
disrupts caveolae.

Immunohistochemical staining

Immunohistochemistry was performed as described 
previously (35). The following primary antibodies were used 
for immunohistochemical staining: anti-caveolin-1-IgG  
(HuaAnBiotech, Inc., Hangzhou, China), anti-PTEN-IgG  
(Epitomics, Inc., California, USA), anti-α-SMA-Ig-G 
(Epitomics, Inc., California, USA).

The signal was enhanced by avidin-biotin-peroxidasecomplex 
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(VectastainABCkit, Vector Laboratories, Burlingame, CA, 
USA), followed by visualization of the reaction with 3, 
3’-diaminobenzidine tetrahydrochloride (DAB) solution 
(Peroxidase Sub-strateKit,Vector Laboratories, Burlingame, 
CA, USA). Controls were incubated with PBS in place of the 
primary antibody and no positive staining was observed (36).

Western blot analysis

Cells were collected in cold buffer containing 20 mM Tris 
(pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 
1% Triton X-100, 2.5 mM sodium pyrophosphate,  
1 mM β-glycerophosphate, 1 mM Na3VO4, 1 g/mL 
leupeptin, 1 mM PMSF, and centrifuged at 11,000 rpm  
for 20 min. The protein extracts (10 g/lane) were 
electrophoresed on a 12% Tris HCl gel from Bio-Rad and 
transferred to a nitrocellulose membrane, which was stained 
by naphthol blue-black to confirm equal protein loading. 
The membranes were incubated in 5% skim milk for 2 h 
and then incubated with the following primary antibodies: 
caveolin-1 antibody (HuaAnBiotech, Inc., Hangzhou, 
China), PTEN antibody, phospho-Akt (pS129) antibody 
(Epitomics, Inc., California, USA), Akt (S473) antibody 
(Epitomics, Inc., California, USA), α-SMA antibody 
(Epitomics, Inc., California, USA), and Gapdh antibody 
(HuaAnBiotech, Inc., Hangzhou, China), and, followed by 
incubation with horseradish peroxidase-conjugated goat 
anti-rabbit IgG and anti-mouse IgG secondary antibody 
and detection using Supersignal West picostable peroxide 
solution (Pierce, Rockford, IL) (37). Western blot was also 
performed as described above for examination of caveolin-1 
expression from heart protein extracts.

Cell proliferation and viability assays

Cell proliferation was quantified using a colorimetric method 
based on the metabolic reduction of 3-(4, 5-dimethylthiozol-
2-yl)-2, 5-diphenyltetrazo-lium bromide (MTT) dye to 
formazan, as described earlier (38). Briefly, cardiac fibroblasts 
were plated onto 96-multiwell plates at 8,000 cells/well. The 
next day, cells cultured under hypoxic conditions after 12, 
24, or 48 hours were rinsed with PBS, and MTT was added. 
Four hours later, DMSO was added, and cells were incubated 
15 minutes at 37 ℃. Samples were measured at 570 nm.

Statistical analysis

Statistics were performed using GraphPad Prism software 

(GraphPad Software, Inc., CA, USA). All data was analyzed 
by SPSS 17.0 software (SPSS Inc, Chicago, Illinois, 2008). 
All experiments were repeated with at least three batches of 
cardiac fibroblasts and in all repetitions qualitatively similar 
data were obtained. Data were tested for significance using 
ANOVA or t-test, as appropriate. Results with P<0.05 were 
considered statistically significant.

Results

Collagen deposition increased and cardiac function 
attenuated following MI 

To evaluate the process of cardiac fibrosis from ischemic 
injury, we induced myocardial infraction in a mouse model. 
Myocardial fibrosis was determined by qualitative evaluation 
of collagen deposition using Masson Trichrome Staining. 
Red staining indicated viable myocardium while blue staining 
indicated fibrosis due to infarction damage (Figure 1).  
We observed that the collagen fibers were disorganized in 
early MI, dominated by non-fibrillar collagen deposition, 
while in late MI, cross-linking matrix formed mature scar. 
Collagen deposition was found to be significantly increased 
at day 14 and 28 post-MI compared to day 7 (Figure 1). 
After MI, the mice also displayed cardiac dysfunction. The 
echocardiographic data from surviving mice after MI are 
shown in Table 1. LV contractile function (EF, FS) were 
significantly attenuated following MI. Interestingly, MI 
for 14, 28 days increased LV dimension and function as 
shown from LVIDd, LVISd, EF and FS compared with 
the day 7 group (all P<0.05). These results demonstrate 
that MI causes an increase in collagen deposition, as well 
as cardiac dysfunction. During the progression of cardiac 
fibrosis at day 14 and 28, increased collagen deposition and 
replacement fibrosis improved cardiac function.

Down regulation of caveolin-1 and α-SMA expression 
increased after MI

To evaluate the role of caveolin-1 in cardiac fibrosis, 
we measured caveolin-1 expression after MI in mouse 
models. We investigated the expression of caveolin-1 
by Western blot in whole hearts. We have found that 
caveolin-1 levels in the infarct area were decreased 
post-MI. Compared to the 7 days post-MI, the protein 
expression of caveolin-1 at day 14 and 28 after MI were 
increased (Figure 2A). Western blotting assays confirmed 
a significant decrease in caveolin-1 protein at 7 days 
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post MI (Figure 2B,C). And α-SMA was used as a marker 
of myofibroblasts, which indicated cardiac fibroblast 
phenotypic switch. The protein expression of α-SMA  
post-MI was increased compared to the sham operated 
control group. Furthermore, the expression of α-SMA 
protein at 7 days post-MI was greater than at 14 and  
28 days post-MI (Figure 2D). Taken together, after myocardial 
infraction, both caveolin-1 and α-SMA protein expression 
peaks at 7 days post-MI and all these changes appeared in the 

infarct zone. This result indicates that caveolin-1 may inhibit 
cardiac fibroblasts from transforming to myofibroblasts.

PTEN protein expression decreased in cardiac fibrosis 
following MI

We also demonstrated by immunohistochemical staining 
that membrane PTEN levels were decreased post-MI. 
Compared to 7 days post-MI, the protein expression of 

Table 1 Echocardiography in surviving male C57BL/6 mice after MI. LV contractile function (EF, FS) were significantly attenuated fol-
lowing MI. Interestingly, at 14 and 28 days after MI, there is increased LV dimension and function as shown from LVIDd, LVISd, EF and 
FS compared with day 7 group

Variable Sham Day 7 Day 14 Day 28

IVSd (mm) 0.82±0.08 (n=6) 0.58±0.07 (n=10) 0.62±0.16 (n=8) 0.52±0.08 (n=6)

LVPWd (mm) 0.90±0.10 (n=6) 1.10±0.12 (n=10) 1.00±0.12 (n=8) 0.90±0.20 (n=6)

LVIDs (mm) 1.90±0.22 (n=6) 3.96±0.30 (n=10)* 3.72±0.37 (n=8)# 3.78±0.33 (n=6)#

LVIDd (mm) 3.20±0.32 (n=6) 4.88±0.38 (n=10)* 4.68±0.30 (n=8)# 4.68±0.32 (n=6)#

EF (%) 77.98±1.40 (n=6) 44.37±1.97 (n=10)* 47.93±2.31 (n=8)# 46.12±2.55 (n=6)#

FS (%) 40.62±1.29 (n=6) 18.63±0.92 (n=10)* 20.46±1.17 (n=8)# 19.53±1.83 (n=6)#

LVIDd, Left Ventricular Internal Diastolic diameter; LVISd, Left Ventricular Internal Systolic diameter; EF, Ejection Fraction; FS, 

Fractional Shortening. (*: vs. Sham, P<0.05; #: vs. day 7, P<0.05).
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Figure 1 Myocardial fibrosis was determined by qualitative evaluation of collagen deposition using Masson Trichrome Staining in hearts 
from male C57BL/6 mice post-surgery groups and sham operated group (A). Red staining indicated viable myocardium, while blue staining 
indicated fibrosis. Original magnification: 400×. Percent of myocardial fibrosis in mice following myocardial infarction (B), *, P<0.05.
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membrane PTEN at 14 days after MI was decreased (Figure 3).  
Previous studies have found that membrane PTEN activity 
inhibits the integrin/PI3K/Akt signal pathway. Therefore, 
reduced PTEN expression enhances the PI3K/Akt signal 
pathway to promote myocardial fibrosis.

Hypoxia promotes cardiac fibroblasts proliferation and 
increases α-SMA expression

To explore whether cardiac f ibroblasts  displayed 
proliferation under hypoxia, we used the MTT assay, a 
colorimetric determination of cell viability after hypoxia in 
vitro. Cell viability was increased at 12, 24, and 48 hours  
after hypoxia compared with the untreated group, and 

peaked at 24 hours after hypoxia (Figure 4). The data 
demonstrated that hypoxia could promote cardiac fibroblasts 
proliferation. We also observed that α-SMA, which is the 
marker of myofibroblasts, was gradually increased with 
increased hypoxia treatment time and was significantly 
increased at 24 and 48 hours P=0.0017 (Figure 5).  
Overall, these results indicate that under hypoxia stimulus, 
fibroblasts will proliferate and switch their phenotype to 
myofibroblasts (α-SMA positive cells).

Caveolin-1 and PTEN protein expression was reduced in 
fibroblasts under hypoxia in vitro

Pathological cardiac fibrosis can develop from a number 
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Figure 2 Immunohistochemical staining and western blotting of caveolin-1 (A-C) and α-SMA (D) expression in hearts from male C57BL/6 
mice in the sham operated group and at 7, 14 and 28 days after MI. (A) Immunohistochemical staining of caveolin-1 expression; (B,C) 
western blotting of caveolin-1 expression, *, P<0.05; (D) immunohistochemical staining of α-SMA. Original magnification: 400×.
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of stimuli, including ischemia, inflammation, pressure 
overload and volume overload (39,40). A common feature 
of all these stimuli is tissue hypoxia, either directly or 
indirectly, because of increases in oxygen consumption 
by infiltrating inflammatory cells and activated resident 
cells. Prolonged local tissue hypoxia can lead to aberrant 
ventricular remodeling and cardiac fibrosis (40-43). In vivo  
experiments, we have verified that both caveolin-1 and 
PTEN protein expression are decreased in the infarct zone 
post-MI. To further investigate that result, we performed 

hypoxia experiments in vitro. We analyzed caveolin-1, PTEN, 
and p-AKT expression in myofibroblatsts derived from 
cardiac fibroblasts after culturing in hypoxia or normoxia 
conditions by western analysis. The protein expression of 
caveolin-1 and PTEN were gradually decreased and the 
expression of p-Akt was significantly increased after 12,  
24 and 48 hours in hypoxia conditions (Figure 6).

Disruption of caveolae with methyl-β-cyclodextrin (MβCD) 
enhanced p-Akt and α-SMA expression and fibroblast 
proliferation

MβCD depletes cholesterol and disrupts caveolae (44).

Day 7	 Day 14

Figure 3 Immunohistochemical staining PTEN expression in hearts from male C57BL/6 mice at 7 and 14 days post-MI groups. PTEN 
protein expression was decreased at 14 days post-MI compared to 7 days post-MI. Original magnification: 400×. PTEN, phosphatase and 
tensin homolog.

Figure 4 MTT cell proliferation assay of cardiac fibroblasts under 
hypoxia 12, 24 and 48 hours. *, P<0.05. Data are representative of 
three separate experiments.
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To further study that the mechanism of caveolae on 
caveolin-1/PTEN mediated signal pathway, we incubated 
cardiac fibroblasts with a 2 mM/L dose of MβCD for  
2 hours before treatment with GENbag anaer. The p-Akt 
and α-SMA expression and cell viability increased after 
exposure to MβCD compared to cells not treated with 
MβCD after exposure to the same hypoxia conditions 
(Figure 7). We also showed that expression of caveolin-1 
was higher in the MβCD treated groups. Therefore the 
caveolin-1/PTEN mediated signal pathway was dependent 
on caveolae formation. The MTT assay also demonstrated 
that cardiac fibroblasts displayed significant proliferation 

after exposure to hypoxia for 12, 24 and 48 hours in the 
presence of MβCD than in the untreated group (Figure 8).  
Over all, disruption of caveolae with MβCD leads to 
increased cardiac fibroblasts proliferation and conversion to 
myofibroblasts.

Discussion

Ischemia caused by coronary artery disease and MI leads to 
aberrant ventricular remodeling and cardiac fibrosis (40). 
Cardiac fibroblasts play a pivotal role in the development 
of cardiac fibrosis. We showed that ischemic injury induced 

Figure 6 Expression of caveolin-1 and PTEN in cardiac fibroblasts of normoxia and hypoxia groups. Cardiac fibroblasts of hypoxia groups 
were exposed to GENbag anaer for 12, 24 and 48 hours. Hypoxia versus normoxia, *P<0.05, **P<0.005. (A) Western blotting; (B) expression 
of Caveolin-1, P=0.0019<0.005; (C) expression of PTEN, P=0.006<0.05. Data are representative of three separate experiments. PTEN, 
phosphatase and tensin homolog.

Figure 7 Expression of Caveolin-1, PTEN, α-SMA and p-Akt in cardiac fibroblasts in the presence and absence of MβCD (2 Mm/L 2 
hours) and under hypoxic conditions. Cardiac fibroblasts of hypoxia groups were incubated in 2 Mm/L doses of MβCD 2 hours before 
exposure to GENbag anaer for 12, 24 and 48 hours. *, P<0.05; **, P<0.005. (A) Western blotting; (B) expression of Caveolin-1; (C) 
expression of PTEN; (D) expression of α-SMA; (E) expression of p-Akt. Data are representative of three separate experiments. PTEN, 
phosphatase and tensin homolog; α-SMA, α-smooth muscle actin.
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phenotypic differentiation of cardiac fibroblasts into 
myofibroblasts which secreted more cardiac extracellular 
matrix (41,45-47). We also found that caveolin-1 protein 
expression was transiently down-regulated after MI, 
concomitant with inhibition of PTEN expression and 
therefore activation of the Integrin/PI3K/Akt signal 
pathway in cardiac fibroblasts. In vivo experiments found 
that hypoxia induced proliferation and phenotypic 
differentiation of cardiac fibroblasts. Furthermore, 
caveolin-1 and PTEN protein expression in cardiac 
fibroblast were gradually deceased under hypoxia conditions, 
accompanied by increased α-SMA expression. Interestingly, 
disruption of caveolae with MβCD also enhanced PI3K/
Akt signal pathway and caused increased cardiac fibroblast 
proliferation and phenotypic differentiation. These results 
suggest that ischemic injury leads to enhanced fibrosis of 
the heart and caveolae play a key role in cardiac fibroblast 
proliferation and phenotypic switch under hypoxia, possibly 
mediated by the caveolin-1/PTEN signaling pathway to 
activate PI3K/Akt expression.

Following acute MI, cardiac fibroblasts in the heart 
become activated and rapidly proliferate (48). Our study 
showed that collagen deposition by Masson trichrome 
staining and myofibroblasts by immmuhistochemical 
staining gradually increased after permanent ligation of 
LAD at 7, 14 and 28 days after MI. MI injury induces 
cardiac fibroblasts to undergo a phenotypic switch to 
myofibroblasts which are central players in the profibrotic 
post-MI repair process (7,16,35). A trend toward increased 
α-SMA expression indicative of the transformation of 
fibroblasts to myofibroblasts was observed in the present 
study in infarcted regions, and is consistent with previous 
reports (9). We also found that systolic heart function at 
later stages after MI was improved than at earlier timepoints 
following MI. This result indicates that local collagen 

deposition may be beneficial for improvement of systolic 
cardiac function during heart remodeling.

Considerable data indicate that PTEN colocalizes with 
caveolin-1 at the plasma membrane as an Integrin/PTEN/
caveolin-1 complex (15). We also found that caveolin-1 
and PTEN expression in cardiac fibroblasts is significantly 
reduced during myofibroblast proliferation and collagen 
deposition in the formation of a mature scar after MI. 
Meanwhile in vitro, ischemic injury induced cardiac 
fibroblast differentiation and proliferation, and exhibited 
a similar decrease in caveolin-1 and PTEN protein levels. 
Here we provide several evidences that caveolae and the 
caveolin-1/PTEN signaling pathway are involved in the 
progression of cardiac fibrosis resulting from ischemic 
injury. First, low caveolin-1 expression in cardiac fibroblast 
peaked concurrently with augmented α-SMA levels in 
mouse models after MI. Immunohistochemical staining 
results indicates that myofibroblasts are a key component 
of the infarct zone and display low caveolin-1 expression 
at 7 days after MI, while caveolin-1 expression gradually 
returns to almost normal levels by 28 days post-MI, 
accompanied with lower α-SMA levels. Recent studies 
indicate that the extracellular matrix modulates fibroblast 
phenotype and function in the infarcted myocardium (49).  
Therefore, with the progress of collagen deposition, 
increased caveolin-1 expression results in inhibition of 
myofibroblast proliferation. Secondly, both in vivo and 
in vitro experiments revealed a decline in caveolin-1 
and PTEN protein levels after hypoxia and leads to 
increases in cardiac fibroblast proliferation. Lastly, in 
vitro disruption of caveolae with MβCD enhanced cardiac 
fibroblast proliferation and phenotypic differentiation in 
hypoxia conditions. This result demonstrates that signal 
pathways such as PTEN/ PI3K/Akt and caveolin-1, which 
control cardiac fibroblast proliferation and phenotypic 
differentiation, are dependent on caveolae formation.

Numerous studies have revealed that caveolae, highly 
enriched in cholesterol and sphingolipids, play a pivotal 
role in regulating cell signaling (6,7). Membrane rafts 
and caveolae concentrate membrane proteins and other 
components involved in transport and signal transduction 
(10,11). Caveolins are the main structural and functional 
components of caveolae, cholesterol homeostasis, and 
cell signaling, and caveolin-1 is an essential constituent 
of adipocyte caveolae (50). Other studies have been 
confirmed that cholesterol can be depleted by MβCD 
treatment and therefore disrupt caveolae formation (51). 
Here we demonstrated that caveolin-1 and PTEN protein 
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expression increased in cardiac fibroblasts groups exposed 
to MβCD compared to untreated controls. In addition, 
the protein levels of α-SMA and p-Akt both increased in 
cardiac fibroblasts treated with MβCD compared to the 
untreated groups under hypoxic conditions. Meanwhile, 
the MTT assay demonstrated that cardiac fibroblasts 
displayed greater proliferation after exposure to hypoxia for 
12, 24 and 48 hours in the presence of MβCD (2 mM and 
2 hours). Taken together, cholesterol depletion by MβCD 
induced disruption of caveolae up-regulated the activation 
of the PI3K/Akt pathway, thereby causing increased α-SMA 
and p-Akt protein expression and cell proliferation. We 
also have unexpectedly found that caveolin-1 and PTEN 
expression of fibroblasts in MβCD group was greater than 
in the untreated group. Recent studies suggests that down-
regulation of caveolin-1 may enhance increased atrial 
fibrosis in atrial fibrillation patients (52). Therefore, cardiac 
fibroblasts proliferation and phenotypic differentiation 
may be resulting from disruption of the caveolin-1/PTEN 
complex, while increases in caveolin-1 and PTEN levels 
may be a feedback effect of enhanced fibrosis. Further 
studies will be needed to further explore how caveolin-1 and 
PTEN pathways modulate fibrosis from ischemic injury.
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Background: The level of lipopolysaccharides (LPS) and inflammatory factors were higher in end 
stage liver disease patient than in normal person for the damage of intestinal mucosal barrier function. 
Hepatopulmonary syndrome (HPS) was a common pulmonary complication in end stage liver disease. But 
the association of LPS and inflammatory factors such as toll like receptor 2 (TLR2), TNF-α and ET-1 with 
the development of HPS was undefined.
Methods: Thirty-one HPS patients were researched (26 patients were performed liver transplantation, 
five were not). Ten healthy volunteers were recruited as negative control. Blood was collected from the 26 
HPS patients before and 3, 7, 14, 21 and 28 days after orthotopic liver transplantation (OLT), and from five 
HPS patients without OLT and ten healthy volunteers once to detect TLR2 mRNA and iNOS mRNA in 
peripheral blood monocytes and plasma LPS, TNF-α and ET-1 level. Their levels before and after OLT 
were compared. 
Results: TLR2 mRNA, iNOS mRNA, LPS, TNF-α and ET-1 before OLT in HPS patients were 
336,594.1±366,901.1, 63,982.2±74,127.5 copies/ugRNA, 4.3±3.3, 90.1±76.0 and 319.9±124.4 ng/L, 
respectively. They were 10,338.3±3,814.6, 19,168.5±2,417.4 copies/ugRNA, 0.94±0.69, 2.7±0.1 and 
84.2±10.6 ng/L in normal control group. They were significantly higher in HPS patients than those in 
control group (P<0.05). After OLT, liver function improved to normal. Also TLR2 mRNA, TNF-α and 
ET-1 decreased in HPS patients after OLT compared with those before OLT. And PaO2 and PaO2/FiO2 
improved greatly with intrapulmonary shunt decreased to normal after OLT.
Conclusions: Lipopolysaccharides at the end stage of liver disease with the release of series of 
inflammatory factors may be associated with the development of HPS.
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Introduction

Hepatopulmonary syndrome (HPS) is a relatively common 
and severe pulmonary vascular complication of advanced 
liver cirrhosis and/or portal hypertension (PH), occurring 
in 10-30% of patients with cirrhosis (1). It is characterized 
by pulmonary microvascular dilatation and remodeling, 
resulting in impaired oxygenation in the absence of marked 
intrinsic cardiopulmonary disease (2,3). Medical therapy 
for severe HPS has generally been ineffective. Orthotopic 
liver transplantation (OLT) is the only successful treatment 
and typically results in complete resolution of the gas 
exchange impairment (4-8). However, the pathogenesis 
of HPS is unknown. Inflammation might play a role in its 
pathogenesis and development (9). The objectives of our 
study were to investigate the role of lipopolysaccharide 
(LPS), toll-like receptor 2 (TLR2), inducible nitric oxide 
synthase (iNOS), tissue necrosis factor alpha (TNF-α) and 
endothelin-1 (ET-1) in HPS and the change in the levels of 
these factors after OLT.

Materials and methods

Patient selection

From March 2004 to January 2006, 279 patients with 
end-stage liver disease received OLT in the Liver 
Transplantation Center of Sun Yat-sen University. During 
this period, 31 patients with HPS were evaluated in our 
center and were included in this analysis. Among these 
31 HPS patients, 26 underwent OLT and the other five 
patients did not undergo OLT due to either late timing or 
expectation of a poor outcome. Written informed consent 
was obtained from each patient included in the study. The 
study protocol was approved by the institution’s Human 
Research Committee and the Medical Ethics Committee 
of The Third Affiliated Hospital of Sun Yat-sen University. 
Ten other healthy volunteers were selected as the healthy 
control group.

Diagnostic criteria for HPS

HPS was diagnosed by: (I) evidence of chronic liver 
disease with clinical manifestations of PH (varices, 
ascites, splenomegaly); (II) abnormal arterial oxygenation  
(PaO2 ≤70 mmHg) while breathing room air; and (III) 
“positive” 99m technetium macroaggregated albumin 
(99mTc-MAA) lung and brain perfusion scans suggesting 
intrapulmonary vascular dilatation (abnormal pulmonary 

shunt >7%), or positive contrast echocardiography. Non-
HPS patients were those with end-stage liver disease 
without hypoxemia (PaO2 ≥70 mmHg) (10).

99mTc-MAA lung perfusion scan 

Every patient with PaO2 ≤70 mmHg underwent a 99mTc-
MAA lung and brain perfusion scan to specifically quantify 
the degree of intrapulmonary vascular dilation (11). Twenty 
minutes after injection (standing) of 2 mCi of 99mTc-
MAA with 90% of particles between 10 and 90 μm (Dupont 
Pulmolite, Billerica, MA, USA), quantitative brain imaging 
was performed in the supine position.

Brain uptake or shunt fraction (assuming a constant 
13% blood flow to the brain) was obtained by the following 
calculation: brain uptake (%) = (GMT brain/0.13)/(GMT 
brain/0.13+ GMT lung). GMT is the geometric mean 
count of 99mTc-MAA in the brain and lung. An abnormal 
intrapulmonary shunt was defined as greater than 7%. The 
severity of liver disease was described by the Child-Turrcote-
Pugh (CTP) classification (A, B, or C) and the Model for 
End-stage Liver Disease (MELD) score. These variables 
were assessed within one week of the PaO2 measurements. 

Blood sample collection

Fasting venous blood samples from all OLT patients with 
HPS were collected on the morning before transplantation 
and on postoperative days 3, 7, 14, 21 and 28. Samples 
were also taken from HPS patients without OLT once, 
and from healthy volunteers once for controls. Peripheral 
blood levels of TLR2 messenger ribonucleic acid (mRNA), 
iNOS mRNA, LPS, TNF-α and ET-1 were measured. 
Liver function and arterial blood gas (ABG) was examined 
periodically.

Experimental procedure

The expression levels of TLR2 mRNA and iNOS mRNA 
were measured by the fluorogenic quantitative polymerase 
chain reaction (FQ-PCR). The instrument, reagents and 
technique for real time fluorogenic quantitative reverse 
transcription-PCR (RT-PCR) were provided by Da An 
Gene Co., Ltd. of Sun Yat-Sen University. The following 
procedure was used: (I) peripheral blood total RNA 
extraction: total RNA was extracted from 500 μL of EDTA-
anticoagulated whole blood cells and stored at –80 ℃  
with ethanol for preservation; (II) primers and probe: 
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the primer sequence of TLR2 was the forward primer 
5'-CATTCCCTCAGGGCTCACAG-3' and the reverse 
primer 5'-TTGTTGGACAGGTCAAGGCTT-3' ; 
the primer sequence of iNOS was the forward primer 
5'-AATGGCTGGTACATGGGCAC-3' and the reverse 
primer 5'-GACGTCA CAGAAGTCCCGGA-3'; (III) 
reverse transcription: for reverse transcription, 4 µL of 
extracted RNA were used with the Qiagen RT-PCR Kit 
(Qiagen, Venlo, Netherlands) in the Perkin Elmer PE 
9700 PCR instrument (Perkin Elmer, Waltham, MA). The 
reaction was conducted using 4 µL of RT-PCR buffer,  
0.4 µL (10 pmol/µL) of forward primers, 0.4 µL (10 pmol/µL)  
of reverse primers, 0.2 µL (25 mmol/L) of dNTP Mix,  
l µL (10 U/µL) of MMLV, 10 µL of RNase-free water, and 
4 µL of total RNA in a final volume of 20 µL. The RT-
PCR buffer contains the combination of 50 mmol/L of  
Tris-HCl (pH 8.0), 50 mmol/L of KCl, 4 mmol/L of MgCl2, 
and 10 mmol/L of DTT. Reaction conditions were an 

initial incubation at 37 ℃ for one hour, followed by 95 ℃ 
for 3 min; (IV) positive control cDNA template preparation 
and quantitative polymerase chain reaction (Q-PCR): for 
Q-PCR, 5 µL of the RT-PCR cDNA products were used 
in the Perkin Elmer PE9700 PCR instrument. Reverse 
and positive control cDNA were in a mixture as follows: 
10 µL of 5× SYBR Green 1 buffer, 1 µL (10 pmol/µL) of 
forward primers, 1 µL (10 pmol/µL) of reverse primers,  
0.5 µL (25 mmoL/L) of dNTPs, 1.5 µL (2 U/µL) of Taq 
DNA Polymerase, 5 µL of cDNA, 31 µL of RNase-free 
water up to a final volume of 50 µL. Initial reactions at  
94 ℃ for three min were followed by 40 cycles of 93 ℃ for 
1 min and 55 ℃ for 1 min, and 72 ℃ for 1 min. Final results 
were automatically analyzed by the computer.

LPS was detected by the EDS-99 LPS detection system 
(Jinshanchuan Co. Ltd., Beijing) through a dynamic 
turbidimetric method. TNF-α and ET-1 were detected by 
Elisa methodology.

Statistical analysis

Patient demographic data are described by the mean and 
standard deviation for quantitative variables and percentages 
for binomial variables. SPSS 10.0 software was used for 
statistical analysis. Measurement data were analyzed by a 
t-test and expressed as mean ± standard deviation. P<0.05 
was considered statistically significant.

Results

Patient characteristics

From March 2004 through January 2006, 31 with end-
stage liver disease were diagnosed with HPS. Twenty-
eight (90%) were male and three (10%) were female, and 
the mean age was 48 years (range, 28-69 years). Among 
the 31 HPS patients, 26 (84%) underwent OLT, and 
five potential OLT candidates (16%) did not undergo 
transplantation. All patients met minimal listing criteria for 
liver transplantation (CTP score ≥7 points). The clinical 
data of 26 OLT recipients including gender ratios, average 
age, and etiologies of liver cirrhosis, as well as MELD and 
CTP scores before OLT were listed in Table 1.

Levels of inflammatory factors in HPS and healthy control 
groups

The expression levels of TLR2 mRNA and iNOS mRNA 

Table 1 Clinical data for end-stage liver disease patients with 
HPS before OLT

Clinical data HPS (n=26)

Age (yr) 48.8±10.9

Sex (male:female) 24:2

Child-Turrcote-Pugh score 11.2±1.7

Child- Turrcote-Pugh classification (cases, %)

A 2 (7.7)

B 1 (3.9)

C 23 (88.5)

PT (seconds) 32.3±15.2

APTT (seconds) 69.3±39.3

FIB (g/L) 1.6±1.1

ALB (g/L) 35.1±5.7

ALT (U/L) 204.8±314.3

TB (μmol/L) 368.2±294.0

PaCO2 (mmHg) 33.6±4.5

Etiology of cirrhosis (case, %)

Hepatitis B 23 (88.5)

Hepatitis C 2 (6.5)

Alcoholic cirrhosis 1 (3.2)

OLT, orthotopic liver transplantation; HPS, hepatopulmonary 

syndrome; PT, prothrombin time; APTT, activated partial 

thromboplastin time; FIB, fibrinogen; ALB, albumin; ALT, 

alanine aminotransferase; TB, total bilirubin; PaCO2, partial 

pressure of carbon dioxide in artery.
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Table 2 Levels of TLR2 mRNA, iNOS mRNA, LPS, TNF-α and ET-1 before OLT in HPS and healthy control groups

Inflammatory factors HPS group Healthy control group P value F value t value

LPS (ng/L) 4.3±3.3 0.9±0.7 0.042 3.417 2.243

TLR2 mRNA 336,594.1±366,901.1 10,338.3±3,814.6 0.001 4.822 2.151

iNOS mRNA 63,982.2±74,172.5 19,168.5±2,417.4 0.004 4.809 1.462

TNF-α (ng/L) 90.1±76.0 2.7±0.1 0.000 4.798 3.05

ET-1 (ng/L) 319.9±124.4 84.2±10.6 0.000 8.903 4.582

OLT, orthotopic liver transplantation; HPS, hepatopulmonary syndrome; LPS, lipopolysaccharide; TLR2 mRNA, toll-like receptor 

2 messenger ribonucleic acid; iNOS mRNA, inducible nitric oxide synthase messenger ribonucleic acid; TNF-α, tissue necrosis 

factor alpha; ET-1, endothelin-1.

and the plasma levels of LPS, TNF-α and ET-1 before 
operation are shown for the HPS and healthy control 
groups in Table 2.

After OLT, liver function improved greatly. The decrease 
of total bilirubin (TB) is shown in Figure 1. In all HPS 
recipients, the levels of TLR2 mRNA (Figure 2), TNF-α 
(Figure 3), and ET-1 (Figure 4) decreased 28 days after OLT. 

Liver function, oxygenation, and intrapulmonary shunt 
improved after OLT

PaO2 and PaO2/FiO2 in HPS patients improved to normal 
within 28 days after OLT with the normalization of liver 
function (Table 3). The intrapulmonary shunt measured by 
99mTc-MAA decreased to less than 7% when the PaO2/
FiO2 recovered to normal.

Discussion

HPS is a common complication in advanced liver disease 
patients. In our research, we proved that LPS increased in 
end-stage liver disease and was especially significant in those 
with HPS. This means that LPS might play a role in the 
pathogenesis of HPS. We concluded that the increased LPS 
might come from the intestine because the intestine is the 
biggest reservoir for intestinal bacteria and endotoxin, and 
the intestinal barrier is damaged severely in cirrhosis (12).  
PH and impaired microvascular circulation of the intestinal 
mucosa are associated with decreased intestinal movement, 
poor repair of the damaged barrier,  and bacterial 
overgrowth, resulting in bacterial imbalance and dislocation 
because of increased permeability of the intestinal barrier. 
In cirrhosis, the incidence of intestinal bacterial dislocation 
was 48% (13,14). Bacteria and endotoxin from the intestine 

were released into the circulation, resulting in endotoxemia 
and inflammation with the release of various inflammatory 
cytokines (14). 

In our research, we found that the levels of LPS, TLR2 
mRNA, iNOS mRNA, TNF-α and ET-1 were significantly 
higher in the HPS group before OLT than in the healthy 
control group (P<0.05). Our results demonstrated that 
LPS and inflammatory cytokines, such as TNF-α, ET-1 
and NO, might play a role in the pathogenesis and 
pathophysiology of HPS through TLR2. TLR2 (15), part 
of the transmembrane protein TLR family, was expressed 
by antigen-presenting cells and cells of the innate immune 
system, including neutrophils, mastocytes, basophils and 
eosinophilic granulocytes, as well as those exposed to the 
external environment, such as epithelial and endothelial 
cells in the lung and the gastrointestinal tract. TLR2 is 
essential for the recognition of a variety of pathogen-
associated molecular patterns (PAMPs) from gram-positive 
bacteria, including bacterial lipoproteins, LPS, lipomannans 
and lipoteichoic acids. These highly conserved, soluble, 
membrane-bound proteins are collectively called pattern-
recognition receptors (PRRs), and it is the PAMP/PRR 
interaction that triggers the innate immune system (16). 
LPS is a glycolipid constituent of the outer membrane 
of gram-negative bacteria, bound to LPS-binding 
proteins (LBP). With CD14 and MD-2, the LPS-LBP 
complex combines with TLR4/TLR2 and initiates the 
TLR2→MyD88→IRAK→TRAF→NIK→IKK→NF-κB 
signaling cascade in cells, similar to the process followed by 
TLR4 with a similar downstream effect. Finally, NF-κB is 
activated and causes the release of IL-12, IFN-γ, TNF-α, 
IL-1, IL-6, NO, ET-1 (17). ET-1 is released by Kupffer 
cells in the liver and macrophages in the lungs. Its level 
increases greatly because of liver dysfunction and collateral 
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Figure 1 The decrease of TB in HPS patients after OLT. TB, total 
bilirubin; HPS, hepatopulmonary syndrome; OLT, orthotopic liver 
transplantation.

Figure 3  The decrease of plasma TNF-α  level in HPS 
patients after OLT. TNF-α, tissue necrosis factor alpha; HPS, 
hepatopulmonary syndrome; OLT, orthotopic liver transplantation.

Figure 4 The decrease of plasma ET-1 level in HPS patients after 
OLT. ET-1, endothelin-1; HPS, hepatopulmonary syndrome; 
OLT, orthotopic liver transplantation.

Figure 2 The decrease of TLR2 mRNA expression in HPS 
patients after OLT. TLR, toll like receptor; HPS, hepatopulmonary 
syndrome; OLT, orthotopic liver transplantation.

Table 3 The levels of PaO2, PaO2/FiO2 and TB in HPS patients after OLT

Variables
Pre-operation Days after OLT

0 1 3 7 14 21 28

PaO2 64.47 90.16 82.74 80.89 76.67 78 81.27

PaO2/FiO2 287.73 210.49 210.19 222.31 281.78 341.35 382.28

TB 410.94 256 144.72 138.07 81.86 47.63 34.96

OLT, orthotopic liver transplantation; PaO2, partial pressure of oxygen; PaO2/FiO2, the ratio of partial pressure of oxygen to fraction 

of inspire oxygen; TB, total bilirubin; HPS, hepatopulmonary syndrome.
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circulation, and through the ETB receptor, it activates 
eNOS (18,19), causing accumulation of macrophages in the 
pulmonary vasculature and overexpression of iNOS and 
HO-1. The overproduction of NO and carbon monoxide 
(CO) results in widespread pulmonary vasodilatation at the 
precapillary and capillary level that leads to a right-to-left 
shunt, pulmonary V/Q unbalance and hypoxemia.

On the other hand, with the improvement of liver 
function in HPS patients, TLR2 mRNA, TNF-α and ET-1 
decrease, and then, hypoxemia is relieved gradually. In our 
study, the decrease of these inflammatory factors did not 
reach statistical significance at 28 days after OLT; however, 
longer observation might be needed. LPS and iNOS 
mRNA decreased early after OLT, but they increased again 
later. HPS patients are extremely prone to the complication 
of pneumonia. We hypothesized that a later increase in LPS 
and iNOS mRNA might be associated with subsequent 
infection in some HPS patients.

Our research demonstrated that LPS might upregulated 
TLR2 mRNA expression and activation of the downstream 
inflammatory factor production in cirrhosis before OLT. 
The overproduction of inflammatory factors might play an 
important role in the pathogenesis and pathophysiology 
of HPS. We supposed that LPS came from the intestine 
because of a damaged intestinal barrier in cirrhosis. After 
OLT, the liver and intestinal function recovered, and 
the intestinal barrier was repaired; thus, the levels of 
inflammatory factors decreased as the hypoxemia of HPS 
was relieved gradually and completely.

There were limitations in our research in that we could 
not prove that the origin of LPS was from the intestine. 
Nor did we detect the expression level of TLR4, which was 
predominantly activated by LPS. Further research is needed 
to clarify the function of immune cells and how they work 
through LPS and TLR activation in HPS.

Conclusions

Above all, LPS and inflammatory factors increased at the end 
stage of liver disease before OLT, but decreased after OLT 
with the recovery of liver function. Oxygenation of lungs 
also got better and the HPS was cured. Our results showed 
LPS with the release of series of inflammatory factors may be 
associated with the pathogenesis and development of HPS.
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Introduction 

Idiopathic nonspecific interstitial pneumonia (NSIP) has 
been recently named as a histological type of idiopathic 
interstitial pneumonia (IIP). Interstitial pneumonia that 
cannot be categorized is referred to as NSIP, which includes 
three subtypes. However, there are questions regarding the 

possible similarities between NSIP and usual interstitial 
pneumonia (UIP). Comparative histopathologic studies 
about these two conditions have rarely been conducted 
and reported worldwide (1,2), and the distinctions between 
them remains unclear. Therefore, in the present study, the 
clinical, pathologic, and follow-up findings in NSIP and 
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UIP patients who underwent open surgical or video-assisted 
thoracoscopic lung biopsy and treatment over a 10-year 
duration at our institution were reviewed. Furthermore, the 
differential diagnosis of NSIP and UIP, and the potential 
mechanisms of NSIP were discussed.

Materials and methods

Patients and setting

The medical records of 121 patients with diffuse lung 
disease (suspected as IIP) examined and underwent video-
assisted thoracoscopic surgery (VATS) or open surgical lung 
biopsy at Shanghai Pulmonary Hospital (affiliated hospital 
of Tongji University) between March 1999 and February 
2005 were reviewed. In the 121 cases, 21 were diagnosed 
with UIP, and 29 were diagnosed with NSIP. A total of 18 
UIP patients and 21 NSIP patients who had a complete 
clinical history and were followed up for at least 1 year 
postoperatively were analyzed.

Patients were diagnosed with UIP or NSIP according 
to the IIP diagnostic criteria described by the American 
Thoracic Society (ATS) and European Respiratory Society 
(ERS) in 2000 and 2002 (1,3). All final diagnoses were 
made by consensus of pulmonologists, pathologists, and 
radiologists (clinical-radiologic-pathologic diagnosis). The 
study was approved by the institutional review board. The 
requirement for informed consent was waived.

Treatment and follow-up

Glucocorticoids and symptomatic treatment were 
administered in 39 patients; 11 UIP patients and 5 NSIP 
patients were also administered azathioprine (4). Chest 
radiography and high-resolution computed tomography 
(HRCT) were performed at 1, 3, 6, 9, and 12 months 
after initiating treatment. Therapeutic success was 
determined based on clinical symptoms and signs, such as 
improvement, stabilization, or deterioration. Improvement 
and stabilization were considered signs of treatment 
effectiveness. The criteria used to define improvement 
were as follows: no overt symptoms, improved respiratory 
function, resolution of lesions on imaging, stable condition, 
and no evidence of disease recurrence. Stabilization was 
considered on the basis of the following findings: resolution 
of symptoms, mild improvement in respiratory function, 
partial, or no absorption of lesions on imaging, or disease 
recurrence. The treatment was considered invalid when 
symptoms did not resolve and lesions showed no absorption 
on imaging.

Statistical analysis

Data were analyzed using the SPSS 10.0 software package. 
Data between the patient groups were compared using χ2 
test (chi-square test). Statistical significance was designated 
at P<0.05.

Results

Patient demographics and clinical findings

The mean patient age in the UIP group was 60 years and 
ranged from 50-75 years; the group comprised 12 men and 
6 women. Thirteen patients had a history of smoking, and 
6 patients had previous contact with inorganic or organic 
dust. Previous exposure ranged from 5-62 months and 
averaged 21.6 months. In the NSIP group, the mean patient 
age was 48 years and ranged from 28-70 years; the group 
included 7 men and 14 women. Eight patients had a history 
of smoking, and four patients had previous contact with 
inorganic or organic dust. Previous exposure ranged from 
1-24 months and averaged 7.8 months. 

The clinical findings in the UIP and NSIP patients are 
summarized in Table 1. Bacterial culture of sputum yielded 
negative results in all patients. Anti-nuclear antibody and 
molecular reactions yielded negative results in all patients 

Table 1 Comparison of clinical characteristics between UIP 
and NSIP patients

Clinical characteristic UIP group NSIP patients

Symptoms and signs

Exercise-induced dyspnea 18 (100.00) 13 (61.9)

Velcro’s sound (inspiratory 

phase crackle)

17 (94.44) 9 (42.86)

Clubbing 8 (44.44) 3 (14.29)

Respiratory function tests

Restrictive ventilatory disorder 12 (66.67) 9 (42.86)

Diffusion function reduction 18 (100.00) 11 (52.38)

Mixed ventilatory disorder 6 (33.33) 6 (28.57)

Honeycomb lung on CT/HRCT 15 (83.33) 3 (14.29)

UIP, usual interstitial pneumonia; NSIP, idiopathic nonspecific 

interstitial pneumonia; HRCT, high-resolution computed 

tomography.
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except one patient in the NSIP group, who had increased O 
antibody levels. In the UIP patients, the chest radiographs 
showed asymmetric bilateral reticular shadows in the basal 
and peripheral lungs, and decreased lung volume. The CT 
and HRCT showed flake- and net-like shadows, primarily 
in the basal lungs. In a few patients, ground-glass shadows 
and severe fibrosis were present and were accompanied 

by traction bronchiectasis, bronchiolectasis, or subpleural 
honeycomb-like lesions. 

In the NSIP patients, the chest radiographs showed 
interstitial diffuse infiltration with net-like and fibrous linear 
pulmonary opacities. The CT and HRCT images showed 
varying severities of ground-glass shadows, and net-like and 
fibrous linear pulmonary opacities, with no honeycomb-
like changes. Based on the history of occupational exposure, 
clinical manifestation, laboratory examination, and 
histopathology (including polarizer observation), collagen 
vascular disease, occupational pneumoconiosis, drug-induced 
interstitial lung disease, and infection were excluded.

Histopathologic examination

An incisional biopsy was performed in 4 patients of the UIP 
group and 8 patients of the NSIP group; the remainder 
underwent a VATS lung biopsy. In each procedure, at least 
three samples were taken from mildly, moderately, and severely 
diseased tissues, which were ≥1.0 cm × 0.7 cm × 0.5 cm.

Histopathology in the UIP group

At low magnification, the lesions varied in severity and 
were distributed erratically. Chronic and acute lesions 
of interstitial inflammation, fibrosis, and honeycombing 
were interspersed among the normal lung tissue, and 
were primarily within the subpleural lung parenchyma. 
The interstitial inflammation was typically patchy with 
alveolar septum infiltrates comprising leukomonocytes 
and plasmacytes accompanied by type II alveolar cell 
proliferation. Diffuse hyperplastic fibrous tissue with 
collagen deposition formed the alveolar structure. In the 
areas of inflammation, fibrosis, and honeycomb changes, 
foci in a light-blue myxoid stroma background were 
observed. These foci comprised proliferative fibroblast and 
myoblast cells were identified as myofibroblast cell foci. The 
honeycombed lung formed by a cystic fiber chamber was 
often covered by bronchial epithelial cells and contained 
mucus. In the fibrotic and honeycomb areas, smooth 
muscle proliferation was observed, which was patchy and at 
times with myogelosis. In two cases, mixed diffuse alveolar 
damage, cell proliferation, and the loss of the alveolar 
epithelial cells were also present. The lung interstitium also 
showed fibroblast proliferation and a macrophagocyte mass 
along with serous effusion from the alveolar space. The 
incidences of each particular lesion in both patient groups 
are summarized in Table 2.

Table 2 Comparison of the imaging findings, histopathology, 
glucocorticoid response, and long-term outcomes between UIP 
and NSIP patients

UIP group 

(%)

NSIP group 

(%)
P value

Glucocorticoid response

Effective 7 (38.89) 16 (76.19) <0.01

Ineffective 11 (61.11) 5 (23.81) <0.01

Follow-up outcome

Recovery 0 (0.00) 6 (28.57)

Survival with disease 12 (66.67) 15 (71.43)

Death 6 (33.33) 0 (0.00)

HRCT score (mean 

fibrosis score)

3 5 <0.05

Histopathology findings

Moderate/severe 

interstitial inflammation

8 (44.44) 10 (47.62) >0.05

Fibroblast foci 18 (100.00) 4 (19.05) <0.001

Myogelosis 16 (88.89) 4 (19.05) <0.05

Diffuse collagen 

deposition

18 (100.00) 14 (66.67) <0.05

Honeycomb lesion 17 (94.44) 5 (23.81) <0.05

Alveolar restructuring 18 (100.00) 7 (33.33) <0.01

Type II alveolar cell 

proliferation

15 (83.33) 15 (71.43) >0.05

BOOP lesion 7 (38.89) 9 (42.86) >0.05

DIP lesion 8 (44.44) 7 (33.33) >0.05

Alveolar epithelial 

cell with columnar 

metaplasia and 

squamous metaplasia

11 (61.11) 14 (66.67) >0.05

Bronchiolitis obliterans 9 (50.00) 13 (61.90) >0.05

UIP, usual interstitial pneumonia; NSIP, idiopathic nonspecific 

interstitial pneumonia; HRCT, high-resolution computed 

tomography; BOOP, bronchiolitis obliterans organizing 

pneumonia; DIP, desquamative interstitial pneumonia.
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Histopathology in the NSIP group

All cases showed varying severities of chronic inflammation 
and interstitial fibrosis. The pathological changes were 
similar across the tissue samples. On histologic examination, 
the subtypes were distributed as follows: one case of cellular 
type, nine cases of mixed type, and eight cases of fibrous 
type lesions. Inflammatory cell infiltration and fibrous tissue 
proliferation were observed in the mixed type cases, which 
primarily comprised lymphocytes and a small number of 
plasmacytes. In the fibrous type cases, the inflammation 
was comparatively less, but the collagen deposition 
was significantly greater. The comparison between the 
pathologic characteristics in the NSIP and UIP patients is 
shown in Table 2.

Discussion

UIP and NSIP are the most common subtypes of IIP. In 
2000 and 2002, the ATS and ERS respectively published 
reports detailing the diagnosis and treatment of IPF 
formed by consensus of experts worldwide. These reports 
described the most updated classification scheme (ATS/
ERS classification) for IIP, including UIP, NSIP, and other 
subtypes (a total of seven subtypes). In 1994, Katzenstein 
et al. first described NSIP as interstitial pneumonia, which 
was not fit into other categories. In the new classification 
system, NSIP also excludes diseases with known causes, 
and presently includes three subtypes—cellular, fibrous, 
and mixed, which differ in their respective clinical 
manifestations, therapeutic options, and prognosis. The 
current ATS/ERS classification provides specific IIP 
categories, rather than employing general descriptions, 
which enables standardized diagnosis, treatment, and 
studies of IIP, and forms a foundation for domestic and 
international cooperation in research. However, the ATS/
ERS classification requires clinical verification of its 
rationale and practicality. The ATS/ERS classification 
fails to address several questions concerning IIP. And the 
relationship between UIP and NSIP is still unclear. The 
disease course, treatment outcomes, and prognoses of 
the fibrous type of NSIP and UIP are quite similar, and 
techniques are unclear to distinguish them. The ideal 
pathologic, clinical and radiologic diagnostic criteria for 
UIP and NSIP require investigation and confirmation 
in additional cases. Large-scale studies in this field are 
presently lacking in China (5).

According to the present study, UIP occurred primarily 

in men over 50 years of age. More than 50% of the patients 
were over 60 years of age at the initial examination. This is 
in stark contrast to the mean onset age (48.2 years of age) in 
the NSIP patients. UIP occurred more frequently in men, 
while NSIP occurred more often in women. There were no 
significant differences in the clinical manifestations between 
the UIP and NSIP patients. Dry cough and dyspnea were 
main features in both groups, and inspiratory crackles were 
detected in most of the patients, which was most apparent at 
the base of both lungs. Clubbing was observed primarily in 
UIP patients. There were no significant differences between 
the UIP and NSIP patients in the respiratory function 
and laboratory findings. Although laboratory tests cannot 
diagnose UIP and NSIP, they can detect other diffuse lung 
diseases. 

The chest radiographs were similarly ineffective in 
the diagnosis of UIP and NSIP; however, CT, especially 
HRCT, was quite useful diagnostically. On HRCT, the 
UIP cases showed patchy shadows in the basal regions 
of both lungs, and very few ground-glass opacities were 
present. Due to the severe fibrosis, traction bronchiectasis, 
bronchiolectasis, and subpleural honeycomb changes were 
observed in all UIP cases. NSIP mainly showed patchy 
and ground-glass opacities in both lungs. The honeycomb 
lesions were typically present in advanced cases of fibrous 
NSIP. HRCT was useful in the differential diagnosis of 
intractable cases. On HRCT, UIP was characterized by 
peripheral shadows and honeycomb changes. However, 
honeycomb changes were rare in NSIP (6), which only 
occurred late in the disease course (4,7).

The clinical and imaging characteristics were reportedly 
quite similar between the IIP subtypes; therefore, diagnosis 
relies on VATS or surgical lung biopsy findings (8). At low 
magnifications, NSIP showed phase consistency across the 
different fields, but the most distinctive characteristics were 
in the varying pathologic lesions, which comprised both 
acute and chronic features. The fibroblast foci in NSIP 
were small, and few were observed, with only 19.05% (4/21) 
of samples showing the foci. Honeycomb changes appeared 
later in the disease course in the fibrous type. Overall, it 
was difficult to distinguish mixed and fibrous NSIP, despite 
their different occurrence of fibroblast foci, honeycombing, 
myogelosis, diffuse collagen deposition, and alveolar 
restructuring. Therefore, comprehensive evaluation 
of these characteristics is necessary for the differential 
diagnosis (6,9,10).

In a previous study, the glucocorticoid response and 
prognosis differed between UIP and NSIP (11). We found 
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that the UIP patients responded poorly to glucocorticoid 
therapy. Although a few patients experienced intermittent 
improvement, most received no significant therapeutic 
benefit even when cytotoxic drugs were added to the 
regimen. In contrast, the NSIP patients responded 
favorably to glucocorticoid therapy, and only patients 
with the fibrous type failed to respond; the glucocorticoid 
response rates were 38.89% and 76.19% in the two groups, 
respectively (P<0.01). On follow-up, six UIP patients died 
of respiratory failure 3 years after therapy, and the NSIP 
patients had an overall superior quality of life. These findings 
are consistent with those reported by Travis et al. (11),  
indicating that diagnosis based on the UIP and NSIP 
classifications have clinical significance. However, the NSIP 
pathology is clinically nonspecific; therefore, pathologic 
diagnosis mostly include both clinical and imaging data, 
namely a clinic-radiologic-pathologic diagnosis. This is a 
key point of IIP classification and diagnosis; a diagnosis 
made by clinical physicians, radiologists, or pathologists 
alone is likely to be biased. By investigating both the clinical 
history and laboratory examination data, conditions such as 
collagen vascular disease, tuberculous pulmonary fibrosis, 
occupational pulmonary fibrosis, eosinophilic pneumonia, 
and other interstitial lung disease can be excluded. 
Sampling errors may be a concern according to some 
studies; however, if the clinical manifestations and imaging 
features meet the criteria of UIP, then a lack of fibroblasts 
does not exclude the condition. According to the ATS/ERS 
classification, surgical lung biopsy (VATS or mini-incision 
surgical lung biopsy) is recommended in IIP patients 
without surgical contraindications in order to exclude other 
similar conditions and definitively diagnose IIP. It enables 
the implementation of effective therapies and prevents 
misdiagnosis and inappropriate treatment (12-17).

Conclusions

NSIP was difficult to be differentiated from UIP by general 
clinical manifestations, but HRCT can be helpful for this 
purpose. Definitive diagnosis depends on the results of 
surgical lung. 
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Introduction

Endo stapler is now dispensable for video-assisted thoracic 
surgery (VATS) (1). The indication of VATS is spreading, 
and now various operations are performed with VATS. We 
always need some consideration to perform operation safely 
and certainly with the change of operational procedures. 
Endo GIA™ Radial Reload with Tri-Staple™ Technology 
(RR) is a very useful for various lung operations including 
VATS. RR is a device that is first designed for colorectal 
surgery. The most particular characteristic of the stapler 
is its rounded stapling line (Figure 1). Moreover, the head 
part of the stapler is designed perpendicular to shaft of 
the device, therefore, input vector of stapler is turned 90 
degrees for its output (Figure 2). It is very useful for lung 
surgery.

Materials and methods

RR is suitable for resection of tumor which exists at 
periphery of lung. We usually seize a tumor with a devise 
such as PN catch. Then, we mostly use straight type 
stapler to cut around PN catch with enough surgical 
margin. During this manipulation, we often experience the 
difficulties that occur because of the direction of stapler. 
A straight type stapler’s head mobilization is limited and it 

makes it difficult to frame an ideal staple line. Therefore, 
we sometimes make another port to insert a stapler to make 
a correct staple line. We use RR in this situation. RR is able 
to be inserted through the same window which PN catch is 
inserted with parallel direction. This feature makes the first 
fire to be formed easily as ideal design. Also, its rounded 
shape enables to resect along the line of PN catch taking 
enough surgical margin (Figure 3). This first fire mobilized 
the tumor, therefore, the second fire becomes easier to 
make (Figures 4,5). RR is the only stapling device that has 
this characteristic. The important point is that input vector 
of stapler is changed perpendicularly, so RR can be inserted 
parallel to PN catch. Because it is necessary to perceive 
the tumor by touch in order to assure safety margin, the 
RR is effective for its rounded shape. RR is also useful 
for resection of bronchus in lung lobectomy. Right angle 
shape of RR is suitable for cutting a bronchus. Whereas 
TATM is a widely used device for closing bronchus, RR has 
a merit for its cutting ability (Figures 6,7). Because RR has 
a wider width compared to other types of staplers, we need 
to release layers of bronchus for longer distance than using 
others. This manipulation is not so easy and seems like 
a demerit for cutting bronchus. However, we think that 
this manipulation leads to define resection of #11 lymph 
node. When cutting bronchus, it is necessary to check if 
the device is not holding surrounding tissue, especially 
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Figure 5 The second fire becomes easier to make.

Figure 4 The first fire mobilized the tumor.

Figure 3 Endo GIA™ Radial Reload with Tri-Staple™ Technology 
(RR) is able to be inserted through the same window which PN catch 
is inserted with parallel direction. And its rounded shape enables to 
resect along the line of PN catch taking enough surgical margin.

pulmonary artery behind it. Unlike its rounded shape, the 
cutting line of RR for bronchus is almost straight and not 
curved. Looking at the line, it is clear that we do not have to 
worry about unwilling effect caused by the shape of stump 
(Figure 7).

Results

We used RR for 56 fires in lung surgery. Its breakdown 

is that 40 for lung wedge resection, and 16 for cutting 

bronchus (Table 1). There is no complication until now.

Figure 1 Endo GIA™ Radial Reload with Tri-Staple™ Technology 
(RR).

Figure 2 The most particular characteristic of the stapler is its 
rounded stapling line. Moreover, the head part of the stapler is 
designed perpendicular to shaft of the device, therefore, input 
vector of stapler is turned 90 degrees for its output. 
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Figure 6 Endo GIA™ Radial Reload with Tri-Staple™ Technology 
(RR) is also useful for resection of bronchus in lung lobectomy.

Figure 7 Unlike its rounded shape, the cutting line of Endo GIA™ 
Radial Reload with Tri-Staple™ Technology (RR) for bronchus is 
almost straight and not curved.

Table 1 RR for 56 fires in lung surgery

Types No. of patients, fires

Disease

Primary lung cancer 20

Metastatic lung cancer 3

Other 12

Surgery method

Wedge resection 40

Cut of bloncus 16

Complication 0

Comments

RR is a device that is very useful for lung surgery especially 
with VATS. And this real operation’s procedure which had 
ruptured into the right atrium (Figure 8). 
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Introduction

Bronchial sleeve resection of lung tumors has emerged 
as an effective approach which not only removes the 
lesion but also avoids pneumonectomy, thereby reducing 
surgical mortality and maximizing lung function and long-
term survival (1). Chen et al. reported a video-assisted 
thoracic surgery (VATS) lobectomy for lung cancer under 
non-intubated epidural anesthesia, which demonstrated 
acceptable safety and feasibility (2). However, there are no 
reports describing bronchial sleeve resection under non-
intubated anesthesia. Here, we describe a case of complete 
endoscopic bronchial sleeve resection of right lower lung 
cancer under non-intubated epidural anesthesia. 

Case report

A 70-year-old man presented with a mass in the right lower 
lung during physical examination. Lung function tests 

showed forced vital capacity (FVC) of 73.1% and forced 
expiratory volume in 1 s (FEV1) of 71.5%. Computed 
tomography (CT) showed a mass at the dorsal segment 
of the lower right pulmonary lobe (Figure 1), measuring 
approximately 3×4 cm2, as a thick-walled eccentric cavity. 
On November 11, 2013, the patient underwent complete 
thoracoscopic resection under non-intubated epidural 
anesthesia. Intramuscular midazolam (0.07 mg/kg) and 
atropine (0.01 mg/kg) were administered at 30 min before 
anesthesia. Epidural puncture was performed at the T7-8 
intervertebral space, with the epidural catheter tip pointed 
towards the head and fixed after confirming successful 
placement. Following epidural injection of 0.375% 
ropivacaine and a test dose of 2 mL ropivacaine, the patient 
was observed for 5 min for signs of total spinal anesthesia. If 
total spinal anesthesia was not achieved, two more injections 
of 0.375% ropivacaine were administered, totaling 8 mL.

With a mask to supply oxygen and remove nitrogen, 
2 μg/mL of intravenous propofol was given via target-
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controlled infusion (TCI) in combination with 0.2 μg/kg 
intravenous infusion of sufentanil. When adequate sedation 
was achieved, a laryngeal mask airway (LMA) was inserted 
and the anesthesia machine was connected to provide 
simultaneous intermittent mandatory ventilation (SIMV). 
Arterial catheterization was performed at the right internal 
jugular vein and the radial artery on the non-operative side.

Epidural injection of 4 mL 0.375% ropivacaine was 
administered at an interval of 60 min. Continuous intravenous 
infusion of 1.0-1.5 μg/mL propofol was performed via 
TCI. Continuous infusion of remifentanil 0.03 μg/kg·min 
and dexmedetomidine hydrochloride 0.5-1.0 μg/kg·h was 
administered to maintain sedation. An intraoperative 
spectrum analyzer was used to monitor the sedative effect, 
with the bispectral index (BIS) maintained at 40-60. The 
sedation depth was adjusted according to the monitored 
parameters. Spontaneous breathing was maintained, with a 
respiratory rate of 12-20 beats/min.

To suppress the cough reflex caused by lung tissue stretch 

during the thoracoscopic operation, the intrathoracic vagus 
nerve was blocked. Under direct vision in thoracoscopy, 
3-5 mL of 0.375% ropivacaine was injected near the vagus 
nerve inferior to the mediastinal pleura above the azygos 
arch adjacent to the trachea.

The approach for non-intubated epidural thoracoscopic 
surgery was the 3-port method. With the patient in a left 
lateral position, the endoscopic observation port was made 
in the 7th intercostal space at the anterior axillary line, the 
working port in the 5th intercostal space at the anterior 
axillary line, and the auxiliary port in the 7th intercostal 
space at the posterior axillary line. Using a 30° endoscope, 
the observation field covered the entire chest cavity. 
Using the connection between the operated side and the 
outer atmosphere and a gentle push on the lesion side, 
an iatrogenic pneumothorax was formed to collapse the 
right lung. After vagus nerve blockade, exploration of the 
dorsal side of the right lower lung was performed, where a 
mass measuring 4×5×5 cm3 was found, with evident pleural 

Figure 1 Mass at the dorsal segment of the right lung on computed tomography (CT).
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surface indentation. Johnson’s endoscopic automatic stapler 
was initially used to isolate the incomplete fissure, and the 
right lower pulmonary artery and vein were incised. The 
right lower lobular bronchus was then similarly transected, 
sent for frozen biopsy and shown to be “bronchial margin 
residual cancer”. While waiting for the pathological result, 
systematic lymphadenectomy was performed. To preserve 
the right and middle lung, bronchial sleeve resection was 
planned, and the surgery was continued without switching 
to intubation. The right middle lobe and the bronchi in the 
middle segment were transected at the root. The frozen 
pathology showed no residual lesions in the margin of the 
intermediate segment and the proximal middle bronchus. 
The right middle lobular bronchus was then joined with the 
right intermediate bronchus, and was continuously sutured 
with single 3-0 Prolene suture silk. After anastomosis, 
a pressurized balloon was applied in conjunction with 
laryngeal mask ventilation to expand the lungs, and no 
leakage was observed at the bronchial anastomosis. Upon 
confirmation of hemostasis, the operation was completed.

Results

The operation time was 165 min, involving 25 min of 
bronchial anastomosis and 120 mL blood loss. Five 
groups of a total of 18 lymph nodes were dissected 
during surgery. Histopathology results were as follows: 
moderately differentiated squamous cell carcinoma of the 
right lower lung, stump carcinoma in situ of the lower 
lobe bronchus, no tumor in the proximal margins of the 
right middle lobe and intermediate bronchi, and no lymph 
node metastasis in any dissected group (0/18). The patient 
did not require assisted breathing postoperatively. He 
was able to drink and eat at 4 h postoperatively and was 
mobile at postoperative day 1. At postoperative day 3, the 
drainage was removed, and no leaks, pulmonary infection, 
atelectasis, bronchial fistula, or other complications were 
observed. He was discharged on postoperative day 6. 
Pulmonary CT at 1 month postoperatively showed no 
anastomotic strictures (Figure 2).

Comment

In the present case, since there was a stump residual tumor 
in the bronchus after lobular resection, we switched to 
the sleeve resection technique. Given that the patient was 
stable and the advantage of reduced operative time required 
for bronchial anastomosis, the non-intubated anesthetic 

approach was undertaken with the hope of avoiding further 
injury. Therefore, we performed bronchial sleeve resection 
under non-intubated anesthesia with satisfactory results, 
demonstrating that non-intubated anesthesia could be 
successfully used in not only conventional VATS lobectomy 
but also for complicated bronchial anastomosis.

To avoid perioperative respiratory failure, non-intubated 
epidural anesthesia is usually performed only in a select 
group of patients, with estimated operation time within 3 h  
and have ASA grade I-II, body mass index <25, and good 
lung function reserves. In such patients, SPO2 ≥90% can be 
maintained (2-4). In this patient, since we needed to open 
the airway for bronchial sleeve resection, which stopped the 
inhalation of oxygen from the nostrils, the inhaled oxygen 
concentration was reduced and the SPO2 briefly decreased 
to 80%. We therefore provided assisted ventilation with 
a laryngeal mask and balloon to increase the oxygen flow 
and ventilation, rapidly improving the SPO2 to a safe range 
of 90-95%, reversing the hypoxemia while reducing CO2 
reabsorption. After completing bronchial anastomosis, the 
patient’s ventilation recovered immediately, and hypoxemia 
and hypercapnia improved significantly. 

In conclusion, thoracoscopic bronchial resection under 
non-intubated epidural anesthesia can be performed, 
allowing successful removal of the tumor while retaining 
adequate functionality of the lung tissue. The patient 
recovered rapidly, awakened quickly postoperatively, began 
to eat and drink and was mobile soon after surgery, with a 
short hospital stay. 

Figure 2 Postoperative pulmonary computed tomography (CT) 
revealed no anastomotic stricture at 1 month after surgery.
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Lung cancer is one of the most common malignant 
tumors worldwide, ranking the first of all cancers in terms 
of mortality. More than 80-85% lung cancers are non-
small cell lung cancer (NSCLC), and most of them are 
in advanced stages at the time of diagnosis (1). Although 
the role of chemotherapy for NSCLC remains virtually 
unchanged in recent years, the therapeutic efficacy has 
reached a plateau. Moreover, toxic and adverse reactions 
have limited its further clinical applications. Instead, 
targeted therapy has aroused the widest attention and 
become one of the most promising therapeutic strategies 
owing to the reliable therapeutic effect, low toxicity and 
mild adverse reactions (2). The expert panels from the 
Respiratory Disease Branch Lung Cancer Study Group of 
the Chinese Medical Association and the Chinese Alliance 
Against Lung Cancer have discussed issues related to 
molecularly targeted treatments for advanced NSCLC 
and reached consensus on molecularly targeted treatments 
for advanced NSCLC (2013 edition) in the contest of the 
national conditions in Mainland China. 

Detection of lung cancer driver genes 

Epidermal growth factor receptor (EGFR) gene mutations

The results of numerous studies have demonstrated that 
the EGFR mutation status is the most important predictive 
factor for assessing the therapeutic effect of EGFR-
tyrosine kinase inhibitors (EGFR-TKIs) for the treatment 
of advanced NSCLC. Such mutations usually occur within 
exon 18-21, in which exon 19 deletion and exon 21 L858R 

mutation (defined as sensitive mutations) are the most 
common mutations indicative of the sensitivity to EGFR-
TKI treatment. Multiple studies (3,4) have demonstrated 
that the overall mutation rate in unselected Chinese 
NSCLC patients is about 30%, about 50% in patients with 
lung adenocarcinoma, or even as high as 60-70% in non-
smoking patients with lung adenocarcinoma. The EGFR 
mutation rate in patients with squamous cell carcinoma 
is about 10%. It is therefore necessary for clinicians to 
enhance their awareness about the routine detection of 
EGFR mutations. 

The detection of EGFR mutations can be performed on 
surgically resected specimens, histology biopsy specimens 
and cytology specimens, but whatever specimen is used, 
it should contain at least 200-400 tumor cells. The use of 
blood specimens for the detection of EGFR mutations has 
not been well established due to less sensitive as compared 
with tissue specimens, and therefore is not recommended 
for routine use for the time being. Quality control (QC) of 
the specimen to be detected should be under the supervision 
of experienced pathologists (4). 

There are various methods for the detection of EGFR 
mutations at present, including the direct sequencing 
assay and real-time fluorescence quantitative polymerase 
chain reaction (FQ-PCR)-based assays such as scorpion 
amplification refractory mutation system-scorpion assay 
(ARMS), fragment length analysis and denaturing high 
performance liquid chromatography. These methods have 
their respective advantages and disadvantages, and there is 
no consensus at present about which is more advantageous. 
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The DNA direct sequencing assay is widely utilized to 
detect known and unknown mutations, but it has a high 
requirement on the content (more than 50% and at least 
30%) of tumor cells in the specimen. Real-time FQ-PCR-
based methods such as  ARMS is more sensitive and can 
detect 1.0-0.1% mutant cells in the specimen, and therefore 
is more suitable for detecting small specimens that contain 
a relatively small number of tumor cells. ARMS is the most 
common method used in clinical practice due to simplicity. 
However, it can only detect known mutations, the specimen 
needs to be pre-treated, and the cost is relatively high (4,5). 

Anaplastic lymphoma kinase fusion gene 

Anaplastic lymphoma kinase (ALK) fusion gene is a newly 
discovered NSCLC driver gene, where echinoderm 
microtubule-associated protein-like4 (EML4) and ALK 
fusion (EML4-ALK) is the most common type. ALK fusion 
gene is mainly found in non-smoking or light-smoking 
patients with lung adenocarcinoma, and usually does not 
co-exist with EGFR mutations in the same patient. The 
occurrence of ALK fusion gene in NSCLC patients is 
about 5% vs. 25% in NSCLC patients without EGFR, 
KRAS, HER2 or TP53 mutations. In Mainland China, the 
positive rate of ALK fusion gene in NSCLC patients with 
both EGFR and KRAS wild type lung adenocarcinoma is 
as high as 30-42% (4). There are mainly three methods 
to detect ALK fusion gene at present: fluorescence in 
situ hybridization (FISH), PCR amplification-based 
techniques and immunohistochemistry (IHC). FISH 
remains the reference standard for confirming ALK fusion 
gene at present. But as it is costly and has high technical 
requirements, it is not applicable to screen ALK positive 
patients. qRT-PCR is easy to follow with a high sensitivity, 
but it needs specific reagent kits and instruments and 
there have been commercially available kits  approved by 
the Chinese Food and Drug Administration (CFDA) for 
clinical qRT-PCR assays at present. IHC is easy to follow, 
inexpensive and technically mature. The antibody specificity 
and sensitivity of high affinity D5F3 (Cell Signaling) and 
5A4 (Abcam) have reached 100% and 95-99% respectively. 
The Ventana ALK fusion protein IHC diagnostic reagent 
kit has improved the sensitivity without affecting the 
specificity. Its coincidence rate with FISH is as high as 
98.8%, and the reproducibility is as high as 99.7%. It has 
been approved by the CFDA for the diagnosis of ALK-
positive NSCLC patients. The detection method should 
be selected appropriately according to the histological 

specimen type and the laboratory conditions. Specimen QC 
should be supervised by experienced pathologists. When 
the reliability of a test method is suspected, another method 
should be employed for verification (6).

ROS-1 fusion gene

ROS1 is another receptor tyrosine kinase (RTK) gene 
that forms fusions and a newly discovered NSCLC driver 
gene as well. The most common type is CD74–ROS-1, 
occurring in about 1% of NSCLC patients (7), especially 
in non-smoking or light-smoking young patients with lung 
adenocarcinoma. It usually does not overlap with other 
driver genes. ROS-1 fusion gene is very much like ALK 
fusion gene with respect to the clinical characteristics, 
suggesting that these two mutation subsets may share the 
same pathogenic mechanism. There are various methods 
for detection ROS-1 fusion gene, among which the FISH 
method is the most commonly used (7).

Conclusions: (I) every possible effort should be made 
to obtain specimens for the detection of EGFR mutations 
before treatment for NSCLC patients; (II) specimen QC 
for the detection of EGFR mutations should be supervised 
by experienced pathologists, and an appropriate detection 
method should be selected, preferably by selecting a 
highly sensitive method such as ARMS; (III) it is advisable 
to undertake ALK and ROS-1 fusion gene detection in 
patients without EGFR mutations; (IV) it is advisable to 
undertake detections of EGFR mutations, ALK and ROS-1 
fusion genes simultaneously if it is possible.

Epidermal growth factor receptor-tyrosine 
kinase inhibitors (EGFR-TKIs)

First-line treatment

The IPASS study reported in 2009 was a large-scale, 
international, multi-center, randomized controlled phase 
III clinical trial (8), the primary endpoint of which was 
progression-free survival (PFS). The results of IPASS 
showed that PFS in patients with EGFR mutations who used 
gefitinib as the first-line treatment was obviously superior 
to that in patients who used carboplatin + paclitaxel (9.8 vs.  
6.4 months; HR =0.48, P<0.001). The objective response 
rate (ORR) in Gefitinib group was also improved 
significantly, accompanied with better tolerance and quality 
of life (QoL), though there was no significant difference 
in overall survival (OS) between the two groups, probably 
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because a relatively large proportion of the patients received 
crossover or other treatments in subsequent periods. 
IPASS study is of milestone significance in targeted therapy 
because it opens the door of true individualized therapy for 
lung cancer. 

The WJTOG 3405 study is an open-label, multi-
center, randomized controlled phase III clinical trial. 
It compared the therapeutic effect between gefitinib 
and cisplatin + docetaxel as the first-line treatment in  
177 advanced NSCLC patients with EGFR mutations. The 
results showed that PFS in the two groups was 9.2 and  
6.3 months respectively, indicating that the therapeutic 
effect of gefitinib was obviously superior to that of cisplatin 
+ docetaxel (HR =0.49, P<0.0001) (9). 

The NEJ 002 study compared the therapeutic effect 
between gefitinib and carboplatin + paclitaxel as the first-
line treatment in 230 advanced NSCLC patients with EGFR 
mutations. The results showed that the therapeutic effect 
of gefitinib was obviously superior to that of carboplatin + 
paclitaxel in terms of PFS (10.8 vs. 5.4 months; HR =0.30, 
P<0.001) (10). 

OPTIMAL is a randomized phase III clinical trial 
sponsored by the Chinese Thoracic Oncology Group 
(CTONG). It compared the therapeutic effect between 
Erlotinib and gemcitabine + carboplatin as the first-line 
treatment in 165 advanced NSCLC patients with EGFR 
mutations. The results showed that the therapeutic effect 
of Erlotinib was obviously superior to that of gemcitabine + 
carboplatin in terms of PFS (13.1 vs. 4.6 months; HR =0.16, 
P<0.0001), accompanied with better QoL, though there was 
no significant difference in OS between the two groups (11). 
However, the results of subgroup analysis showed that the 
survival duration was relatively short in patients who only 
received chemotherapy, with a median OS of 11.7 (n=21) 
vs. 20.6 months in patients who only received EGFR-
TKI (n=33) and 30.4 months in patients who first received 
EGFR-TKI and then chemotherapy (n=94), suggesting that 
EGFR-TKI makes great contributions to the improvement 
of survival in patients with EGFR mutations (12). 

EURTAC is a study equivalent to OPTIMAL conducted 
in Caucasian population. It compared the therapeutic 
effect between Erlotinib and chemotherapy as the first-line 
treatment in 174 NSCLC patients with EGFR mutations, 
using PFS as the primary endpoint of research. The results 
showed that PFS of the two groups was 9.7 and 5.2 months 
respectively, suggesting that the therapeutic effect of 
erlotinib was obviously superior to that of chemotherapy 
alone (HR =0.37, P<0.0001) (13). 

A more recent randomized phase III clinical trial 
(FASTACT-II) showed that PFS in patients receiving 
double agents chemotherapy in combination with 
intercalated use of erlotinib as the first-line treatment for 
6 cycles followed by erlotinib maintenance therapy was 
7.6 vs. 6.0 months in patients who received double agents 
chemotherapy + placebo (HR =0.57, P<0.0001), and OS was 
18.3 and 15.2 months respectively (HR =0.79, P=0.0420).
The result of subgroup analysis on the EGFR mutation 
status showed that only patients with EGFR mutations 
rather than patients with wild-type EGFR benefited from 
this mode of treatment (14).

The LUX-LUNG3 study is an international, multi-
center, randomized controlled phase III clinical trial, 
showing that PFS in advanced lung adenocarcinoma 
patients with EGFR mutations who received irreversible 
inhibitor of the erbB family Afatinib as the first-line 
treatment was obviously superior to cisplatin + pemetrexed 
(11.1 vs. 6.9 months; HR =0.58, P=0.001). In addition, ORR 
in Afatinib group was also significantly improved (56% vs. 
23%; P=0.001) (15). 

LUX-LUNG6 is another randomized controlled phase 
III clinical trial conducted in Asian population. The results 
showed that Afatinib as the first-line treatment was also 
obviously superior to gemcitabine + cisplatin in advanced 
lung adenocarcinoma patients with EGFR mutations in 
terms of PFS as the primary endpoint of research (11.0 vs. 
5.6 months; HR =0.28, P<0.0001). In addition, ORR in 
Afatinib group was also significantly improved (66.9% vs. 
23.0%; P<0.0001) (16). 

The adverse reactions of EGFR-TKIs are relatively 
mild, mainly including skin reactions (rash, pruritus, skin 
dryness and acne) and diarrhea. Adverse reactions occur in 
more than 50% NSCLC patients who received the first-
generation EGFR-TKIs but they are usually mild. Adverse 
reactions more than grade 3 usually occur in about 2-10% 
patients, of which interstitial pneumonia is a rare but severe 
adverse reaction, accounting for about 1%, and needs 
special attention, because it may lead to death if not treated 
properly or positively. The occurrence of adverse reactions 
with the second-generation EGFR-TKI Afatinib is even 
higher and the symptoms are more severe than the first-
generation EGFR-TKIs. 

Conclusions: (I) EGFR-TKIs are recommended as the 
first-line treatment for advanced NSCLC patients with 
EGFR mutations (gefitinib and erlotinib have been approved 
as the first-line treatment agents in many countries, but 
only gefitinib has been approved in Mainland China. 
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Afatinib has been approved as the first-line treatment agent 
in the United State and Taiwan region of China); (II) the 
first-line chemotherapy + intercalated use of erlotinib for 
6 cycles followed by erlotinib as maintenance therapy can 
be considered in advanced NSCLC patients with EGFR 
mutations.  

Maintenance therapy

The INFORM study conducted in Mainland China 
compared the therapeutic effect of maintenance therapy 
between gefitinib and placebo in advanced NSCLC patients, 
finding that PFS in gefitinib group was significantly longer 
than that in placebo group (4.8 vs. 2.6 months; HR =0.42, 
P<0.0001). Notably, the PFS was more significantly longer 
in the subgroup of advanced NSCLC patients with EGFR 
mutations using gefitinib than that in placebo group (16.6 vs. 
2.8 months; HR =0.17), indicating that advanced NSCLC 
patients, especially those with EGFR mutations can benefit 
from gefitinib maintenance therapy (17). In another phase 
III study (WJTOG0203), 604 patients with stage IIIb or 
IV NSCLC were randomly assigned to two groups: one 
group receiving 3 cycles of standard first-line platinum-
doublet chemotherapy followed by gefitinib maintenance 
therapy, and the other group receiving 6 cycles of platinum-
doublet chemotherapy. PFS of the two groups was 4.6 vs. 
4.3 months (P<0.001). Although there was no significant 
difference in OS between the two groups, OS in gefitinib 
maintenance therapy group was significantly longer than 
that in chemotherapy group alone in the adenocarcinoma 
subgroup (15.4 vs. 14.3 months; P=0.03) (18).

A meta-analysis on erlotinib maintenance therapy 
(included SATURN, ATLAS and IFCT-GFPC0502 study) 
showed that erlotinib was able to prolong PFS and OS 
of patients with advanced NSCLC who achieved disease 
control (DC) [partial response (PR)/complete response 
(CR)/stable disease (SD)] after first-line chemotherapy. All 
subgroup patients benefited from Erlotinib maintenance 
therapy, especially female patients, non-smokers and non-
squamous cell carcinoma patients, probably because the 
EGFR mutation rate in these patients is relatively high (19). 
The subgroup analysis of SATURN study showed that PFS 
in patients with EGFR mutations who received Erlotinib 
maintenance therapy was significantly longer than that in 
placebo group (HR =0.10, P<0.0001) (20,21). 

Conclusions: gefitinib or erlotinib maintenance therapy 
can be considered in advanced NSCLC patients who 
achieved DC (PR/CR/SD) after first-line chemotherapy.  

Second-line and subsequent therapies

A meta-analysis enrolling four phase II/III clinical trials 
showed that the risk of disease progression in unselected 
Asian patients with pretreated advanced NSCLC who 
received Gefitinib was 19% lower than that in those who 
received Docetaxel, and ORR increased remarkablely  
(117%) (22). The Chinese subgroup analysis of INTEREST 
study showed that ORR of gefitinib and docetaxel was 
21.9% and 9.1% respectively (P=0.016), in which the 
median PFS in adenocarcinoma subgroup was 5.4 months 
for Gefitinib and 3.9 months for docetaxel (23). A Korean 
phase III KCSG-LU-0801 study showed that ORR in Asian 
non-smoking patients with previously treated advanced 
lung adenocarcinoma who used Gefitinib and Pemetrexed 
was 58.8% vs. 22.4% respectively (P<0.001), median PFS 
was 9.0 vs. 3.0 months respectively (P=0.0006) (24). BR.21 
study showed that OS in unselected previously treated 
advanced NSCLC who used Erlotinib and Placebo was  
6.7 and 4.7 months respectively, and the difference was 
significantly different (HR =0.70, P<0.001) (25). TITAN and 
HORG study compared the therapeutic effect of erlotinib, 
pemetrexed and docetaxel, finding that the therapeutic 
effect of erlotinib was equivalent to that of Pemetrexed or 
Docetaxel as the standard second-line single chemotherapy 
agent but had better tolerance (26,27). 

ICOGEN, a non-inferiority phase III clinical trial 
conducted in Mainland China (28), compared the therapeutic 
effect of icotinib and gefitinib in unselected patients with 
previously treated advanced NSCLC, and found that PFS of 
icotinib and Gefitinib was 4.6 and 3.4 months respectively 
(P=0.13), confirming that icotinib was not inferior to gefitinib 
in unselected patients with pretreated advanced NSCLC. 

Studies comparing the therapeutic effect of gefitinib and 
erlotinib (29,30) and that comparing the therapeutic effect 
of gefitinib and icotinib (28) suggested that the therapeutic 
effect of the three EGFR-TKIs as second-line treatment 
agents was similar for advanced NSCLC patients. 

TAILOR ,an international, multi-center, phase III 
clinical trial, showed that PFS and OS in advanced NSCLC 
patients with wild-type EGFR who received erlotinib as the 
second-line treatment were significantly shorter than those 
who received docetaxel (PFS 2.4 vs. 2.9 months, HR =0.71, 
P=0.02; 6-month OS 16.5% vs. 27.3%) (31). The DELTA 
study also demonstrated that PFS and ORR in advanced 
NSCLC patients with wild-type EGFR who received 
Erlotinib as the second-line treatment were also inferior 
than those who received docetaxel (PFS 1.3 vs. 2.9, P=0.013; 



1493Journal of Thoracic Disease, Vol 6, No 10 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1489-1498www.jthoracdis.com

ORR 5.6% vs. 20.0%, P=0.003) (32). The CTONG0806 
study showed that PFS in advanced non-squamous NSCLC 
patients with wild-type EGFR who received Pemetrexed or 
Gefitinib was 4.8 vs. 1.6 months (P<0.001), and the disease 
control rate (DCR) was 61.3% and 32.0% respectively 
(P<0.001) (33). The results of the above three studies all 
showed that second-line chemotherapy should be the first 
treatment choice in advanced NSCLC patients with wild-
type EGFR. 

Conclusions: (I) EGFR-TKIs (gefitinib, erlotinib or 
icotinib) can be used as second- or third-line treatment 
agents in advanced NSCLC patients, while EGFR-TKIs 
are preferably recommended in advanced NSCLC patients 
with EGFR mutations; (II) EGFR-TKIs are not preferably 
recommended as second-line treatment in advanced 
NSCLC patients with wild-type EGFR. 

Treatment of elderly patients and patients with poor 
performance status

Elderly (>70 years) patients with lung cancer are usually 
intolerable to platinum-doublet chemotherapy due to 
relatively poor organ functions and the existence of 
complications, in whom EGFR-TKIs can be considered as 
the first-line treatment because of relatively good tolerance. 
A systematic analysis on three NEJ studies (001,002,003) 
compared ORR and PFS in elderly patients with advanced 
NSCLC and EGFR mutations who used Gefitinib or 
chemotherapy, and found that ORR was 73.2% vs. 26.5%, 
and PFS was 14.3 vs. 5.7 months, both showing significant 
differences between the two groups (34). Of the three 
studies, NEJ002 showed that there was no significant 
difference in toxicity and QoL between elderly and young 
patients who used Gefitinib, indicating that the therapeutic 
effect of Gefitinib as the first-line treatment is relatively 
good and the toxicity is tolerable in elderly patients with 
lung cancer of EGFR mutations. Another randomized 
phase III clinical trial TOPICAL in advanced NSCLC 
patients who received erlotinib or placebo because of being 
intolerable to first-line chemotherapy showed that the risk 
of disease progression in erlotinib group was 17% lower 
than that in placebo group (35). 

A pooled analysis on the therapeutic effect of gefitinib or 
erlotinib and single agent chemotherapy in elderly patients 
or patients with poor performance status included five 
studies (330 patients) in EGFR-TKI group and ten studies 
(1,095 patients) in single agent chemotherapy group. The 
results showed that ORR was 18% and DCR was 50% 

in EGFR-TKI group vs. 12% and 36% in single agent 
chemotherapy group (36). 

The WJTOG 0402 study showed that ORR was 
20%, DCR was 47%, median PFS was 2.7 months, and 
median OS was 11.9 months in elderly patients with 
adenocarcinoma who received Gefitinib as the first-line 
treatment. The most common toxic reactions included rash, 
followed by diarrhea, anorexia, hepatic dysfunction and 
anemia, but all these toxic reactions were relatively mild and 
could be managed without difficulty. In non-smokers, ORR 
was 43%, DCR was 57%, median PFS was 7.1 months, 
and median OS was 13 months, suggesting that both the 
therapeutic effect and tolerance of Gefitinib as the first-line 
treatment are relatively good in elderly patients or patients 
with poor performance status of selected populations (37). 

Conclusions: (I) EGFR-TKI (gefitinib or erlotinib) 
is recommended in elderly NSCLC patients with EGFR 
mutations; (II) EGFR-TKI (gefitinib or erlotinib) can be 
tried in elderly NSCLC patients or NSCLC patients who 
are intolerable to chemotherapy or whose EGFR mutation 
status is uncertain, knowing that the EGFR mutation 
rate in Chinese patients is relatively high and there is no 
other effective treatment at present. At the same time, the 
therapeutic effect and toxic/adverse reactions should be 
observed and followed up closely. 

Treatment after EGFR-TKI resistance

Disease progression is often observed 9-10 months after 
initiation of EGFR-TKIs as the first-line treatment in 
NSCLC patients with EGFR mutations, suggesting the 
occurrence of acquired EGFR-TKI resistance (8-13). A 
retrospective study enrolled 227 patients with acquired 
resistance and explored the therapeutic mode in patients 
who received EGFR-TKI treatment and developed disease 
progression. The patients were assigned into three clinical 
failure modes according to the duration of DC, evolution 
of tumor burden and 6 clinical symptoms: (I) dramatic 
progression (DC lasting ≥3 months with EGFR-TKI 
treatment, where the tumor burden increases quickly as 
compared with the previous assessment and the symptom 
score reaches 2); (II) gradual progression (DC lasting  
≥6 months with EGFR-TKI treatment, where the tumor 
burden increases mildly as compared with the previous 
assessment and the symptom score is ≤1); and (III) local 
progression (DC lasting ≥3 months with EGFR-TKI 
treatment, with solitary extra- or intra-cranial progression 
and the symptom score is ≤1). The results showed that PFS 
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of the three modes was 9.3, 12.9 and 9.2 months respectively 
(P=0.007), and the median survival was 17.1, 39.4 and  
23.1 months respectively (P<0.0001). The survival duration 
of the patients with dramatic progression who continued 
TKI treatment was shorter than that in those who converted 
to chemotherapy. It is therefore suggested that EGFR-TKIs 
should be discontinued and replaced by chemotherapy 
in patients with dramatic progression. The median OS 
in gradual progression patients who continued TKI or 
converted to chemotherapy was 39.4 and 17.8 months  
respectively (P=0.02). It is therefore suggested that 
TKI treatment should be continued in patients with 
gradual progression. OS in local progression patients 
who continued TKI was similar to that in patients who 
converted to chemotherapy. However, continuation of TKI 
treatment in combination with local treatment is suggested 
in local progression patients, given QoL of the patients and 
limitation of the local-progression focus (38).  

In a retrospective study enrolling 78 patients with 
acquired resistance to EGFR-TKI (including 70 patients 
with EGFR mutations), the results showed that ORR in 34 
patients who received chemotherapy + erlotinib was 41% 
vs. 18% in 44 patients who received chemotherapy alone 
(P=0.02), and PFS was 4.4 vs. 4.2 months (P=0.34) (39). 

According to the recommendation of the National 
Comprehensive Cancer Network (NCCN) guidelines (2013 
edition), EGFR-TKIs should be continued in NSCLC 
patients with EGFR mutations who are asymptomatic when 
disease progression with first-line EGFR-TKI treatment, 
but chemotherapy in combination with EGFR-TKI should 
be considered in symptomatic patients. 

There are few high-level evidence-based medical 
references about treatment after EGFR-TKI resistance, but 
a series of related studies is under way or on the way, such 
as the IMPRESS study concerning the therapeutic mode 
by comparing TKI + chemotherapy and chemotherapy 
alone after EGFR-TKI resistance; the ASPIRATION study 
on continuous use of TKIs after EGFR-TKI resistance; 
research on TKIs in combination with other drugs; and 
research on new drugs specific to EGFR-TKI resistance. 
It is anticipated that these studies could provide more 
evidence-based medical references. 

Conclusions: (I) continuation of the original EGFR-
TKI treatment or EGFR-TKIs in combination with 
chemotherapy is suggested in patients with gradual 
progression; (II) discontinuation of EGFR-TKIs and 
conversion to chemotherapy are suggested in patients 
with dramatic progression; (III) continuation of EGFR-

TKI plus local treatment is suggested in patients with local 
progression and whose primary lesion is well controlled. 

ALK and ROS-1 fusion gene inhibitors

The results of two multi-center clinical trials showed that 
the ALK inhibitor Crizotinib could offer a remarkable 
therapeutic effect in advanced NSCLC patients with 
positive EML4-ALK fusion genes. The A8081001 study 
showed ORR in Crizotinib group was 60.8%, the median 
duration of response was 49.1 weeks, and the median PFS 
was 9.7 months (40). The A8081005 study showed that 
ORR was 50% in previously treated NSCLC patients with 
positive ALK who received crizotinib, and the median 
duration of response was 41.9 weeks. Common adverse 
reactions (occurrence ≥25%) included visual disorders, 
nausea, diarrhea, edema and constipation (41). 

The phase III clinical trial A8081007 compared the 
therapeutic effect and safety of crizotinib, pemetrexed or 
docetaxel in advanced NSCLC patients with positive ALK 
who had a previous history of receiving chemotherapy. Using 
PFS as the primary end-point, 347 patients with positive 
ALK who had received platinum-based chemotherapy 
before enrollment were randomly assigned to Crizotinib 
group and chemotherapy group. The results showed that 
PFS of the two groups was 7.7 and 3.0 months respectively  
(HR =0.49, P<0.001), and ORR was 65% and 20% respectively 
(P<0.001) (42). In January 2013, the CFDA approved the use 
of Crizotinib in the treatment of local advanced or metastatic 
NSCLC patients with positive ALK in Mainland China.

Shaw et al. reported the preliminary therapeutic effect 
of Crizotinib in the treatment of 13 NSCLC patients with 
positive ROS-1, where ORR was 54% and the 8-week DCR 
was 85%, showing good tolerance in 2012 ASCO (43).  
Ou et al. reported the therapeutic effect of Crizotinib in 
25 assessable patients with advanced NSCLC of positive 
ROS-1, showing that ORR was 56%; the 8- and 16-week 
DCR was 76% and 60% respectively; and the median PFS 
has not yet reached at the time in 2013 ASCO. This study 
re-demonstrated the effectiveness of Crizotinib for the 
treatment of ROS-1 positive advanced NSCLC patients (44). 

Conclusions: crizotinib is recommended for advanced 
NSCLC patients harboring positive ALK or ROS-1 fusion 
genes. 

Angiogenesis inhibitors

Two phase III randomized studies demonstrated the 
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therapeutic effect of the angiogenesis inhibitor Bevacizumab 
in combination with chemotherapy as the first-line treatment 
for non-squamous NSCLC patients (45,46). In the study 
group, Bevacizumab was continued as maintenance therapy 
after chemotherapy until disease progression or the 
occurrence of intolerable drug toxicity. The E4599 study 
showed that the protocol using Carboplatin/Paclitaxel in 
combination with Bevacizumab (15 mg/kg/3w) improved 
OS, PFS and ORR of the patients: 12.3 months, 6.2 months 
and 35% vs. 10.3 months (HR =0.79, P=0.003), 4.5 months 
(HR =0.66, P<0.001) and 15% (P<0.001) respectively as 
compared with the control group (46). The AVAIL study 
demonstrated that the protocol of bevacizumab 7.5 or 
15 mg/kg/3w in combination with cisplatin/gemcitabine 
improved PFS and ORR of the patients as compared with 
the protocol of placebo in combination with cisplatin/
gemcitabine, though OS was not prolonged significantly (45).  
The most common adverse reactions of Bevacizumab 
include hypertension, proteinuria and hemorrhage, but the 
occurrence of grade 3 hypertension, grade 4 hypertension, 
grade 4 proteinuria and hemorrhage was lower than 
4%, 0.5%, 0.5% and 2% respectively. Bevacizumab is 
not recommended in case of the following conditions: 
(I) squamous cell carcinoma or mixed-type lung cancer 
dominated by squamous cell carcinoma; (II) tumor invasion 
into major vessels; (III) history of hemoptysis (>2.5 mL at 
a time); and (IV) uncontrollable primary hypertension and 
other cardiovascular diseases. 

The result of a randomized phase III clinical trial 
conducted in Mainland China showed that recombinant 
human endostatin (rh-Endo) in combination with 
Vinorelbine/Cisplatin significantly improved ORR and 
time to progression (TTP) in advance NSCLC patients as 
compared with placebo + vinorelbine/cisplatin (35.4% vs. 
19.5%, P=0.0003; 6.3 vs. 3.6 months, P<0.0001). In addition, 
there was no significant difference in the occurrence of 
adverse reactions between the two groups (47). 

Conclusions: (I) the addition of bevacizumab to the 
basis of first-line chemotherapy (carboplatin/paclitaxel or 
cisplatin/gemcitabine) is recommended for non-squamous 
advanced NSCLC patients with PS 0-1 without significant 
signs of hemoptysis and major vessel invasion. Although 
there is no lung cancer indication for Bevacizumab in 
Mainland China for the time being, it is expected to be 
approved by the CFDA in the future; (II) vinorelbine/
cisplatin in combination with rh-Endostatin can be 
considered in advanced NSCLC patients. 
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Introduction

Lung cancer is the most common cause of cancer death in 
both males and females in the world. In clinical practice, 
it is not common to encounter patients with multiple 
anatomically isolate but histologically similar lung tumors. 
The incidence of this condition has been reported to range 
from 0.2% to 2.0% in patients with primary lung cancer (1-3).  
Coexisting lung cancers in a patient can be characterized 
as either synchronous or metachronous. The incidence of 
synchronous lung carcinomas is variably reported between 
1% and 16% (4). Metachronous primary lung cancers are 
likely more common, representing 40-60% of all patients 
with multiple lung cancers (5). Two different theories have 
been proposed to explain the multifocality of lung tumors 
by Slaughter and his colleges. The first is that multifocal 
tumors arise separately from anatomically distinct malignant 
progenitor cells that independently undergo different 
genetic alterations, leading to neoplastic transformation. The 
second is that these tumors are of monoclonal origin, arising 

from a single malignant cell that forms a neoplasm, which 
metastasizes to other regions of the lung parenchyma (6). 
This phenomenon has been related to the chronic exposure 
of the bronchial tree to carcinogens through a so-called 
“field cancerization” process (7). Distinguishing between 
these two possible mechanisms for the development of 
multifocal lesions has important surgical, therapeutic, and 
prognostic implications.

Molecular analysis of microsatellite markers is a method 
that has been used to assess clonality (8). Microsatellite 
markers, or tandem simple sequence repeats (SSR), 
are abundant across genomes and show high levels of 
polymorphism. Genomic microsatellites, iterations of 1-6 bp  
nucleotide motifs, have been detected in the genomes of 
every organism analyzed so far, and are often found at 
frequencies much higher than would be predicted purely 
on the grounds of base composition (9). Microsatellite 
alterations include microsatellite instability (MSI) and 
loss of heterozygosity (LOH). The relevance of genomic 
imbalance is further underscored by the association between 
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aneuploidy with disease aggressiveness in cancers of many 
tissues. 

This review summarizes molecular analysis of allelic 
variations at microsatellite markers with the MSI or LOH 
can be used to determine lineage relationships between 
multiple tumors. At the same time, a new method based on 
the allelic variations at polymorphic microsatellite markers 
was offered that it does not rely on collection of normal 
tissue, performed with minimal tumor sample, and will 
complement clinical criteria for diagnostic discrimination 
between multiple primary cancers versus solitary metastatic 
disease.

MSI in multiple primary lung cancer

MSI describes a genomic imbalance occurring because 
of alterations in the length of microsatellites due to small 
deletions or expansions, which consists of long, tandem 
repeats of between one and six nucleotides. The number of 
nucleotide repeats varies, ranging from 5 to 100 segments, 
with a total length of repetitive DNA of 100-600 bp. 
Defective DNA mismatch repair (MMR) leading to MSI 
has been implicated in tumorigenesis (10). The primary 
function of the MMR is to eliminate base–base mismatches 
and insertion/deletion loops that arise as a consequence of 
DNA polymerase slippage during DNA synthesis (11,12). 
MSI was initially noted in colon cancers of patients with 
the hereditary nonpolyposis colon cancer (HNPCC) 
which is the most common hereditary colorectal cancer 
syndrome and is associated with a spectrum of extracolonic 
malignancies (13-15). The most common MMR gene 
germline mutations identified in HNPCC involve MSH2, 
MLH1, PMS2 and MSH6 (16,17). 

A total of 52 sporadic primary non-small-cell lung 
cancers (NSCLC) were examined for MSI by Lawes  and 
his colleagues (18). Six different microsatellite markers 
localized on chromosomes 2, 5, 8, 10, 11 and 17 were 
used. In their research, a total of 27 primary squamous-
cell carcinomas, 15 adenocarcinomas (ADC), 7 bronchiolo-
alveolar carcinomas and 3 anaplastic carcinomas were 
investigated for occurrence of MSI with 6 anonymous 
microsatellite markers from 6 different chromosomes. The 
instability was evidenced by the appearance of additional 
bands in tumor DNA compared with normal DNA and 
consisted of either expansion or compression of a single 
band or a ‘‘ladder’’ of bands. Genomic instability was 
observed in 35% (18/52) of NSCLC at single or multiple 
loci. At the same time, they collected the histopathological 

data regarding size, histotype, stage, grade and lymph-
node metastasis were available for each tumors. Statistical 
evaluation of the possible correlation between MSI and 
pathological feature of each tumor showed no kind of 
correlation. As their report showed that the genomic 
instability observed as MSI is probably due to a mechanism 
other than mismatch-repair defect, even if it cannot be 
excluded that inactivation of one of the DNA-repair genes 
may occur as a later event in the progression of a sub-
set of NSCLC, as demonstrated by Wieland et al. (19). 
Canney reported a case of a 59-year-old man who presented 
mucinous ADC of his ascending colon. Four years later 
the patient presented with a biopsy proven metachronous 
ADC in his descending colon. While undergoing clinical 
staging, two additional lesions were identified in the right 
lung: one in the upper lobe and a second in the middle 
lobe. CT-guided biopsy of one of the lesions confirmed an 
invasive moderately differentiated ADC and the patient 
proceeded to have wedge resections of both lesions (20). In 
their research, immunohistochemical studies of both lung 
lesions showed positivity for thyroid transcription factor 1, 
with negative staining for cytokeratin 20 and CDX2; this 
immunoprofile supported a primary lung origin for both 
tumours. MMR protein immunocytochemistry showed loss 
of MSH2 and MSH6 proteins in both colonic carcinomas 
and the right middle lobe lung tumour, with retention of 
MLH1 and PMS2. Expression of all four MMR proteins 
was retained in the second lung tumour.

Little is known about the role of MMR genes in lung 
cancer and the literature is conflicting regarding the pattern 
and frequency of MSI in lung neoplasms. There is evidence 
to suggest that MLH1 and MSH2 gene inactivation 
occurs in NSCLC, and that it is likely to be related to 
DNA promoter methylation (21). Hsu et al. demonstrated 
significantly lower overall survival and cancer-specific 
survival rates in a population of non-smoking female 
patients with NSCLC showing promoter hypermethylation 
of the HMSH2 gene (22). Xinarianos et al. showed a greater 
frequency of reduced MSH2 expression in lung ADC; 
however, no significant association was identified between 
MSH2 expression and prognostic factors such as T stage 
and nodal metastasis (23).

LOH in multiple primary lung cancer

LOH is a phenomenon contrary to MSI and is frequently 
seen in cancer cells and is thought to occur through genetic 
instability at a chromosomal or similar level. In this genetic 
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disorder, one of the gene alleles is lost in a neoplastic cell (24). 
The mechanism of LOH is chromosome-specific, and it may 
concern the entire chromosome. However, loss of genetic 
material is more often associated with deletion of a fragment 
of chromosome, leading to LOH regarded as a generalised 
form of allelic imbalance. Loss of function of suppressor as 
well as mutator genes may be a functional consequence of 
the globally occurring LOH (25). 

Two conventional methods are widely used for LOH 
analysis: polymerase chain reaction (PCR)-based assays 
and fluorescence in situ hybridization (FISH). PCR-based 
LOH assays with polymorphic markers are commonly 
used to detect LOH regions. Tumor genotypes at certain 
polymorphic regions are compared with normal cells from 
the patient. A disadvantage of this assay is the need for 
normal control DNA and multiple markers, as not every 
marker is always informative. However, we can easily 
select and design primers as appropriate polymorphic 
markers for specific regions. Furthermore, experiments 
with single nucleotide polymorphisms (SNPs) instead of 
microsatellite markers allow more quantitative and detailed 
analysis for LOH (26,27). These assays detect ‘‘allelic 
imbalance’’ without detailed information on the gene copy 

number, thus including LOH as well as trisomy or local 
gene amplifications. Snuderl et al. recently reported that 
polysomy at 1p/19q may predict the clinical course of 
gliomas (28). 

In 2001, using microdissection and LOH analysis, 
Huang et al. studied specimens from patients with multiple 
pulmonary neoplasms to determine if modern techniques 
can help us distinguish true independent primary from 
recurrence or metastasis (29). Among the four synchronous 
pulmonary tumors, the paired tumors in two cases appeared 
to be genetically different because they had very different 
profiles of LOH and the procedures for how to detect 
LOH was showed in Figure 1. Therefore, they probably 
represent true synchronous tumors. The two tumors in one 
case appeared to have identical patterns of LOH and may 
actually represent the same clone. A total of 25 patients 
in whom there was a suspicion of solitary metastasis or 
second primary tumor were evaluated by van der Sijp and 
his colleagues (30). In all 25 patients, LOH was detected in 
all tumors with at least three of the markers used. LOH in 
different tumors from one patient was regarded as identical 
when the same markers demonstrated loss of the same 
allele. LOH was regarded as different when in different 

Figure 1 The procedure for determination of allele loss patterns in LOH. Tumors with different allele loss patterns would be grouped in 
independent clonal origin, whereas tumors with same allele loss patterns are grouped in a monoclonal origin. LOH, loss of heterozygosity.
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tumors from one patient different markers showed LOH or 
when the same marker had loss of different alleles. In the 
15 patients with a second primary tumor, clinical decision 
making was influenced in 10 patients.

To distinguish a metastasis from a second primary tumor 
in patients with a history of head and neck squamous 
cell carcinoma and subsequent pulmonary squamous cell 
carcinoma, in another research, 44 patients were analysed 
with clinical data, histology, and LOH (31). Using these 
clinical criteria, 6 patients were considered to be likely to 
have a second primary lung tumor, whereas 38 patients 
were thought to have lung metastasis. With the analysis of 
LOH, 11 tumor pairs were classified as metastasis and 8 as 
probable metastases. A total of 22 cases were classified as 
certain and 3 as probable second primary tumors. In one 
case, the LOH analysis was inconclusive. In this case, there 
was not enough concordant or discordant LOH to draw any 
conclusions. Then, a case of three different synchronous 
primary lung tumours that two nodules were located in the 
upper lobe and consisted of an ADC, an endobronchial 
poorly differentiated squamous cell carcinoma (SCC) and 
a third nodule of the lower lobe corresponded to a small 
cell neuroendocrine carcinoma (SCLC) was reported by 
Froio et al. (32). They examined all three independent lung 
neoplasms for LOH by the analysis of 40 microsatellite 
markers. Of these, 29 out of 38 were informative for 
LOH analysis (76.3%). No MSI was observed in any 
tumour component. Distinction of multiple primary lung 
carcinomas from intrapulmonary metastases using empiric 
clinical and histopathologic criteria can be difficult. Recent 
advances have provided several molecular markers that 
can be used for clonal analysis of separate tumor nodules 
and enhance tumor staging and subsequent treatment and 
prognosis. To address this issue, Dacic and his workmates 
performed a microdissection based allelotyping of 20 
cases of histologically similar ADC (33). By observation, 
the patients could be discriminated in survivors and 
nonsurvivors if the percentage of discordant microsatellite 
markers within primary tumor was equal or less than 40% 
or above 40%, respectively. Using 40% as a cutoff in a 
validation cohort of pathologic stage T4 cases, each tumor 
was identified as having a number of discordances above 
or below this percentage. If the percentage of discordances 
for all microsatellite markers was equal or less than 40%, 
the pattern of LOH for this particular tumor was defined 
as “homogenous”. On the other hand, when the percentage 
of discordances was greater than 40%, the pattern of 
LOH status was defined as “heterogenous”. In their study, 

molecularly homogenous tumors were more frequently 
associated with angiolymphatic invasion, although that 
difference did not reach statistical significance. This 
suggests that molecularly homogenous tumors may 
actually represent intrapulmonary metastases, rather than 
independent lung cancers. Furthermore, visceral pleural 
invasion, which is a known adverse prognostic factor in 
non-small cell carcinoma, was more commonly seen in the 
molecularly homogenous group. These two features, which 
are clearly associated with biologically more aggressive lung 
tumors, support an idea of possible monoclonal origin of 
molecularly homogenous synchronous lung tumors. 

The results of all the studies above concerning the 
role of LOH in the process of neoplastic transformation 
of multiple primary lung cancer have demonstrated that 
inactivation of various genes by deletions in their loci is 
already present in preneoplastic lesions, being associated 
with the process of carcinogenesis initiation in the lung. 
However, the role of that phenomenon varies, depending 
on chromosomal region and the significance of the LOH-
affected loci in the physiology of the lung. 

“Different trend” in multiple primary lung cancer

An interesting hypothesis as to the molecular sequence of 
genetic events in carcinogenesis in the multiple primary 
lung cancer was proposed by Mercer et al. (34). Since 
genomic instability is a common feature of cancer, they 
hypothesized that independently arising neoplasm in an 
individual patient would exhibit measurable genomic 
variation, enabling discrimination of tumor lineage and 
relatedness. Allelic variation between neoplasms often 
reflects accumulation of differential chromosomal deletion 
events. These chromosomal deletions are tolerated (non-
lethal), but distinct from the molecular alterations that drive 
tumorigenesis, which will be common to most/all tumors of 
a specific type. Comparison of molecular signatures between 
two (or more) tumors from a single individual facilitates 
identification of common and unique genetic alterations. In 
the study, they described a molecular approach for analysis 
of genetic variation among multiple tumors from a single 
patient that does not rely on collection of normal tissue, and 
which can be performed with minimal tumor samples. A 
total of 25 paraffin-embedded human tissues corresponding 
to 14 squamous cell carcinomas of the H/N, 10 squamous 
cell carcinomas of the lung were selected for inclusion in 
this study. In addition to these 10 patients, tumor samples 
from a patient presenting with squamous cell carcinoma 
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of the larynx that was metastatic to the lymph nodes of the 
neck was also included. The tumor samples corresponding 
to this patient have a known lineage relationship: primary 
squamous cell carcinoma of the H/N and metastatic 
squamous cell carcinoma of a proximal lymph node and 
its consequence was regarded as the contrast standard. Of 
the 20 microsatellite markers evaluated, 18 (90%) detected 
allelic imbalance or allelic variation among multiple tumors 
from at least one patient. D20S171 and D21S1432 detected 
no differences between tumors for any of the patients 
examined. The lack of detectable allelic variation at these 
loci may be related to their specific chromosomal locations 
and/or their proximity to genes that are essential for cell 
survival. The other 18 microsatellite markers examined 
identified allelic variation in 10-80% of patients, and the 
majority of microsatellite markers (14/20, 70%) detected 
allelic differences in tumors from 10-50% of patients 
examined. The results presented in this study demonstrate 
that molecular analysis of allelic variations at polymorphic 
microsatellite markers can be used to determine lineage 
relationships between multiple tumors, facilitating the 
discrimination of second primary cancer versus metastatic 
disease.

In 2013, Shen et al. offered a new concept that the 
“unique trend” and the “contradictory trend” (35). The 
“unique trend” that represents metastasis cancers and the 
“contradictory trend” that represents primary multiple 
tumors are useful in the diagnosis between tumors found 
at the same time in the pulmonary even diagnosed with 
the histopathological evaluation. This study enrolled 13 
patients, with multiple primary lung cancers demonstrating 
with the histology and 10 patients who were diagnosed as 
metastasis disease during the same period for comparison 
purposes. Genomic DNA from lung cancers from 
individual patients was analyzed by six microsatellites 
(D2S1363, D6S1056, D7S1824, D10S1239, D15S822, 
and D22S689) with PCR to identify discordant allelic 
variation. In the report, all of the 10 patients with distant 
metastasis showed a consistent consequence that was 
called “unique trend” between primary tumor and distant 
metastasis. The “trend” means that all alleles corresponding 
to six microsatellite markers were detected in DNA from 
primary tumors but were reduced or not observed in DNA 
from metastatic tumors. In the group of synchronous lung 
tumor with different histological types, the result showed 
a “contradictory trend”. Some alleles were detected in 
DNA from primary tumors but were reduced or not 
observed in DNA from metastatic tumors and other alleles 

corresponding to six microsatellite markers were detected 
in DNA from metastatic tumors but were reduced or not 
observed in DNA from primary tumors. This approach 
is rapid and sensitive. It is paramount that such a test be 
amenable to the utilization of DNA samples from formalin-
fixed paraffin-embedded tissues since these may be the only 
available source of DNA for the prior cancer.

Conclusions

LOH seems to be a more frequent phenomenon than 
MSI, inducing genetic instability in lung neoplasms in 
many chromosomal regions. MSI may be causatively 
associated with the initiation of molecular changes only, 
which may later lead to neoplasia, whereas the incidence 
of LOH overtly increases with tumour progression. This 
phenomenon increases with the degree of neoplastic 
progression, which indicates a successive accumulation of 
molecular disorders in cells and a coincidence of LOH/
mutations in multiple primary lung cancer. The new 
methods of Mercer et al. and Shen et al. studies, which 
were ideal for clinical use given that the methodology is 
straightforward, rapid, and inexpensive, were to refine a 
molecular method to analyze multiple tumors that does 
not rely on collection of normal tissue, can be performed 
with minimal tumor sample, and will complement clinical 
criteria for diagnostic discrimination between multiple 
primary cancer versus solitary metastatic disease.
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Introduction

Pulmonary circulation carries deoxygenated blood away 
from the heart to the lungs, and returns oxygenated blood 
back to the heart. The separate system is known as the 
bronchial circulation supplies blood to the tissue of the 
larger airways of the lung. The first reference to some small 
arteries in the lungs was made by Galen (1). Many years 
later, in 1513, Leonardo Da Vinci, described the bronchial 
arterial system as subsidiary of pulmonary vessels (2). In 
1721, Ruysch presented the first illustration and made a 
more detailed description of the bronchial arteries as a 

separate vascular network of the pulmonary vasculature 
with anastomoses between the two networks (3). In 1747, 
Albertus Haller gave a precise description of the origin, 
course and the variations of bronchial arteries in his 
masterpiece “Icorum Anatomicarum” (4). 

Today, the importance of the bronchial arteries is 
recognized by the scientific community, especially in cases 
of massive hemoptysis and chemotherapy of lung cancer 
(5,6). Their revascularization seems to contribute to the 
reduction of postoperative complications in cases of heart-
lung or single lung transplantation (7). In addition, the 
potential benefit from their embolism in cases of surgical 
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treatment of thoracic or aneurysms of the descending aorta 
are still under investigation.

The ideal experimental studies should be made in models 
that show the greatest similarity to the human anatomy 
and physiology. Although, the most experimental studies 
in cardiopulmonary system take place mainly in the pigs. 
The anatomy of the porcine bronchial system has not yet 
been fully explored. Our aim is to explore which is the ideal 
experimental model for the bronchial circulation studies.

Methods

A thorough description and a comparative analysis of 
the anatomy of the bronchial system in human, pigs and 
other laboratory animals is presented in order to highlight 
the ideal animal model for experiments in the bronchial 
circulation.

The human bronchial circulation

Both left and right bronchial arteries originate from the aorta 
in 90%. More specifically in 80%, they originate between 
the upper border of the 5th and the lower border of the 
6th thoracic vertebrae (T5-T6) with most of them arising 
from the level of the carina or slightly inferiorly (8,9). In 
the remaining cases, it has been described the origin of the 
bronchial arteries from all thoracic arterial structures, even 
from the coronary arteries (10). Cauldwel et al., based on a 
large human cadaveric study, classified the variations in the 
number of bronchial arteries in nine categories (11). In most 
cases, the right bronchial artery is one of the branches of the 
intercostobronchial trunk that originates from the aorta. 

In their origin, the diameter of the bronchial arteries 
is about 1.5 mm, decreasing to 0.5-0.6 mm when enter 
the pulmonary hilum (12). In cases of chronic pulmonary 
diseases,  especial ly when haemoptysis  is  present, 
hypertrophy and increase in the arterial diameter more than 
1.5 mm have been observed (9,13). 

In their path from the aorta to the hilum, the bronchial 
arteries give branches to adjacent organs and structures. 
Small parietal branches may supply muscles, vertebrae, 
ligaments and pleura. Visceral branches supply the 
esophagus, the lower third of the trachea and pericardium. 
Vascular branches supply the aorta, the pulmonary 
vasculature, the azygous vein and the vena cava. There 
are also branches to intrathoracic nerves, such as to the 
vagus nerve, the sympathetic plexus and their branches. 
In a few studies, branches to mediastinal lymph nodes and 

an anastomotic plexus with the coronary circulation are 
described (14-16). 

The bronchial arteries enter the lung to the hilum. 
They form a communicating arc round the main bronchi 
from which the bronchial arterial divisions radiates along 
the major bronchi. They adhered closely to the bronchial 
wall and appeared to follow the same course to the level 
of the terminal bronchioles where finally anastomosed to 
the pulmonary vasculature (17). They bifurcated with the 
bronchi and give two to three divisions along each bronchus 
which tend to form an intercommunicating network in the 
fibrous coat of the bronchus. Smaller twigs penetrate the 
muscular layer and reach the bronchial mucosa forming a 
similar network in the submucosa. In this way, the bronchial 
arteries are responsible for the nourishment of the whole 
thickness of the bronchial wall till the level of terminal 
bronchioles. In the way down to the alveoli, the bronchial 
arterioles form an anastomotic network with pulmonary 
arterioles. These anastomotic branches, which named 
bronchopulmonary arteries, have been observed in both 
newborns and adults  drain via the pulmonary veins into 
the left atrium (17-19). Tobin et al. described that there are 
two types of anastomoses, the short-narrow (length 1-2 mm, 
diameter 50-100 microns) and the long-wide (length 10-40 mm, 
diameter 300-400 microns) (20).

The short anastomotic vessels have spiral shape, 
achieving in this way the self-regulation of the flow to 
the pulmonary bronchial network and vice versa. Under 
normal conditions, these anastomoses are functionally 
closed but under pathologic conditions, such as in chronic 
thromboembolic pulmonary hypertension, they open and 
new anastomoses are formed (12,21,22).

Counterparts to the bronchial arteries are the bronchial 
veins. However, they only carry a small amount of the blood 
flow of the bronchial arteries while the remaining blood is 
returned to the heart via the pulmonary veins. The bronchial 
veins return blood from the larger bronchi and structures 
at the hilum of the lungs. The right side drains into the 
azygous vein, while the left side drains into the left superior 
intercostal vein or the accessory hemiazygous vein (17).

Comparative study of the bronchial circulation in 
laboratory animals

McLaughlin thoroughly described the pulmonary anatomy 
of 10 mammalian species and the human, classifying them 
into three groups according to their similarities in lung 
anatomy and physiology (23,24). In the first group belong 
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the cow, the sheep and the pig. In the second group belong 
the dog, the cat and the monkey. Τhe rabbit, the rat and the 
guinea-pig could be considered a subcategory of the second 
group due to their minimum differences. Finally, in the 
third group belong the horse and the human.

In the following presentation a representative from 
each group has been chosen based on the ease to perform 
experiments on this and the lower cost of its maintenance. 
Thus, the bronchial circulation of the pig, the dog and the 
rat is described along with this of birds as being the most 
commonly used laboratory animals. The differences among 
the bronchial circulation of the human, the pig, the rat and 
the dog are presented in the Table 1.

Bronchial circulation of the pig
Calka et al., Gade et al., and more recently Lorentziadis et al., 
demonstrated the most detailed descriptions of the anatomy 
of the porcine bronchial tree (25-27). The bronchial artery 
is the continuation of the bronchoesophageal artery which 
almost always originates from the aorta as a single vessel (28).

In 91-100% has a single origin from the aorta (Figure 1). 
In about 85% originates from the medial or anteromedial 
aspect of the descending aorta just distal to the ductus 
arteriosus ligament but cranial to the azygos vein crossing 
the aorta. In about 15% the origin is more mediodorsal or 
just cranial to the ductus arteriosus ligament. The orifice is 
normally 1-2 mm wide and approximately 3 cm from the 
slightly larger orifices of the intercostal arteries (25). The 
bronchoesophageal artery soon divides into 2-3 branches 
towards the lung hilum and the esophagus, while three 
different patterns of branching in the way to the main 

bronchi have been described (22) (Figure 2). 
In details, the bronchoesophageal artery is divided to a 

carinal branch, a left lateral branch and a smaller branch 
for the cranial lobe. The carinal branch crosses the carina 
ventrally and ramified further into a right lateral, a right 
medial and a left medial branch.  The right lateral and right 
medial branches provide blood supply to the right main 
bronchus while the left lateral and left medial branches 
provide blood supply to the left main bronchus. According 
to the pattern described, each main bronchus of the pig 
is accompanied by two major bronchial artery blanches 
named in accordance with their anatomical localization (26). 
Instead of this, the segmental bronchi are accompanied by 
a single bronchial branch, which finally disappeared 1-2 cm 

Table 1 Comparative study of the bronchial arteries among the different mammals

Variables Pig Dog Rat Human

Pleura – – – +

Septa + – – +

Bronchi + + + +

Terminal bronchioles + – + +

Alveoli – – – +

Hilar nodes + + + +

VASA vasorum + + + +

Bronchial artery–pulmonary 

anastomoses

+/– – + +

General bronchovascular 

relationship

Pulmonary vein close 

to bronchus from 

periphery to hilum

Pulmonary vein follows 

independent course from 

periphery to hilum

Pulmonary vein follows 

independent course from 

periphery to hilum

Pulmonary vein near 

bronchus at periphery, 

apart at hilum

Figure 1 Relationship between the broncho-esophageal artery 
and the mediastinal arteries in a heart-lung porcine block.
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before the edge of the lung. All branches of the bronchial 
artery are in close proximity to the adjacent bronchi.

Communications between the bronchial branches 
and other structures are demonstrated in different 
levels. In the way to the hilum, small twigs develop 
an anastomotic plexus with most of the mediastinal 
structures including the esophagus, the pericardium, 
lymph nodes and vasa vasorum to the pulmonary artery 
(23,29). The existence of an anastomotic plexus with 
the pulmonary artery is still under question. Gade et al. 
demonstrated that broncho-pulmonary shunts must exist 
but it is likely to occur via the lung capillaries (26), though 
other investigations failed to demonstrated bronchial 
to pulmonary artery communications probably due to 
limitations in methodology. Other studies suggested that 
the communication between the two systems is via small 
pulmonary arterioles (23).

Of main importance is the anastomotic plexus with the 
esophagus along its entire intrathoracic length (30) while 
the existence of an anastomotic network between the 
bronchial branches and the coronary vessels of the heart has 
been described (31,32). 

Bronchial circulation of the dog
There is significant anatomical variation of the origin of 
the bronchial arteries in dogs (33). The bronchial artery 
could be branch of the right 5th, 6th or 7th intercostal 
artery. These intercostal arteries always arise from the 

thoracic aorta. In the majority of dogs the parent trunk 
is the bronchoesophageal artery, which arises from the 
right fifth intercostal artery close to its origin from the 
aorta (34). The course followed by the bronchial artery is 
also subject to considerable variation. In the majority of 
dogs the bronchoesophageal artery crosses the left side of 
the esophagus and contributes an esophageal branch before 
entering the hilum of the lung (34). In addition, small 
bronchial vessels that supply the hilum of the lung and arise 
from the pericardiophrenic or internal thoracic arteries 
are described. At the level of the respiratory bronchiole 
the bronchial artery terminates in a capillary bed that is 
continuous with that of the pulmonary artery (35).

True bronchial veins are found only at the hilum of the 
lung. They empty into the azygos vein or the intercostal 
vein at the level of the seventh thoracic vertebra (34). 

Bronchial circulation of the rat
There are two bronchial arteries, the right and the left, 
which originate either from the subclavian arteries or 
from their primary branches (36). Each of the bronchial 
arteries has a long caudal course through the mediastinum, 
supplying several thoracic structures other than the bronchi. 
The left bronchial artery always originates from the internal 
thoracic artery. The right bronchial artery had a variable 
origin: the costocervical trunk, the right subclavian artery, 
or the internal thoracic artery (37). After emerging from 
the internal thoracic artery, the left bronchial artery run 
caudally on the ventral surface of the aortic arch, where it 
gives off branches to the thymus, the trachea and the left 
recurrent laryngeal nerve. At the dorsal level of the left 
bronchus, the left bronchial artery originates esophageal 
and bronchial arteries. One or two branches run down 
along the main bronchus. The right bronchial artery gives 
off branches to the trachea, right cranial vena cava, and 
phrenic nerve. At the level of the carina, it originates 1-3 
branches to the cranial bronchus and numerous transverse 
branches to the esophagus (38). Intrapulmonary branches 
of bronchial arteries form a peribronchial plexus made up 
of anastomosing arterioles giving off branches that passed 
through the muscular layer to form a second layer under 
the epithelium. Finally, precapillary anastomoses between 
bronchial arteries and pulmonary vessels exist resembling 
what occurs in humans (39).

Bronchial circulation of birds
General studies of the avian arterial system (40,41) 
have indicated that bronchial  arteries  arise from 

Figure 2 Nomenclature of branches of the bronchial artery in pig. 

Broncho-esophageal 
artery

Left lateral branch

Right lateral branch

Carinal branch

Left medial branch

Right medial branch
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the  oesophagotracheobronch ia l  b ranch  o f  each 
common carotid artery in many species of birds. Each 
oesophagotracheobronchial artery passes caudally and 
forms more or less symmetrically, three or four branches 
supplying the caudal end of the trachea, the syrinx, and 
the oesophagus. It also gives rise to several small bronchial 
arteries which supply the extrapulmonary part of the 
primary bronchus. The largest and most caudal of these 
bronchial arteries passes caudally along the dorsal wall of 
its primary bronchus and enters the hilus of the lung. On 
reaching the opening of the first medioventral secondary 
bronchus it divides into two terminal branches which 
continue caudally on either side of the openings of the 
medioventral secondary bronchi, forming a network of 
small anastomosing branches. In the goose, duck, and 
turkey several small bronchial arteries supplied the whole 
length of each primary bronchus, including the orifices of 
the secondary bronchi. In the guinea-fowl and quail similar 
bronchial arteries supplied only the extrapulmonary part of 
the primary bronchus. In the pigeon a single true bronchial 
artery supplied the extrapulmonary part of each primary 
bronchus. There were no branches to the exchange tissue 
in any species. In all species the bronchial veins of the 
extra-pulmonary part of the primary bronchus drained via 
esophageal veins, whereas those of the intrapulmonary part 
emptied into branches of the pulmonary vein (40,41).

Results and discussion 

The ideal experimental model should demonstrate the 
maximum similarity to the humans, in both anatomy and 
physiology. Lungs of all mammals share a common general 
structure consisting of a branching system of airways 
terminating in thin-walled alveolar spaces where gas 
exchange occurs but there are variations among species (23). 
Pigs, sheep and cows having “type I” lungs characterized by 
extremely well developed lobulation of lung parenchyma, a 
thick visceral pleura and absence of alveoli. The pulmonary 
artery supplies the distal portion of the airways. The 
bronchial artery supplies the hilar lymph nodes, pulmonary 
artery and vein, bronchi and terminal airways, but it also 
supplies the interlobular septae and pleura.

Dogs, cats and monkeys having a “type II” lungs 
characterized by the absence of secondary lobules within 
lobes, ill-defined intraparenchymal connective tissue 
support and a thin membraneous pleura. The pulmonary 
artery supplies the distal portion of the respiratory 
bronchiole, the alveolar duct, alveoli and pleura. The 

bronchial artery, except for a few short branches near the 
hilum contributes none of the pleural supply, but does 
supply the hilar lymph nodes, pulmonary artery and vein, 
bronchi and bronchioles and terminates in a common 
capillary bed with the pulmonary artery at the respiratory 
bronchioles. Rats, rabbits and guinea-pigs differ slightly as 
they have well-developed precapillary anastomoses.

 human and horse having “type III” lungs characterized 
by partially developed secondary lobules with well-defined 
but haphazardly arranged interlobular septae and a thick 
vascular pleura. The pulmonary artery supplies the alveoli 
with only occasional anastomoses with bronchial artery at 
the terminal bronchial level. The bronchial artery supplies 
the hilar lymph nodes, pulmonary artery and vein bronchi 
and terminal airways, but it also supplies the interlobular 
septae and pleura. The bronchial artery contributes blood 
directly to the alveolar capillary network by the terminal 
bronchioles, interlobular septae and pleural network in 
areas lying close to the pleura. 

Even if the horse has the same bronchial and pulmonary 
anatomy to humans its experimental use is extremely 
difficult because of its size, maintenance costs and animal 
testing regulations and laws.

In dogs, there is significant anatomical variation of the 
origin of the bronchial arteries and the course followed by 
the bronchial artery is also subject to considerable variation 
(33,34). There is also difficulty in isolation of the true 
bronchial arteries from their widespread anastomoses with 
the mediastinal and pericardial vessels (33). 

As previously described the right bronchial artery of 
the rat concealed by the right vena cava and the phrenic 
nerve rendered its identification by dissection difficult (37). 
Additionally in rat, bronchial artery coming from the 
aorta is a rare event and correspond to a supernumerary 
artery, thus it is clear that the origin of bronchial arteries 
is clearly different in the rat and humans. On the other 
hand the presence of extrapulmonary branches of bronchial 
artery especially to the pericardium and myocardium is an 
important fact that suggests the existence of anastomoses 
between bronchial artery and the coronary circulation in 
the rat. This vascular arrangement may work as a collateral 
source of blood that reaches the myocardium (42). Thus, 
the rat may offer a model of coronary-bronchial arterial 
anastomoses that may be of interest to study the role of 
these anastomoses in heart and lung disorders in humans. 

In birds,  the bronchial  arteries come from the 
bronchoesophageal artery, a branch of the common carotid 
artery and they express characteristic symmetry to their 
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origin and their distribution (41). This pattern is clearly 
different to the human analog. 

The pig and the sheep have the advantage that the 
broncho-oesophageal artery usually originates from the 
aorta as a single vessel (25,26,43). The relative constancy of 
a single arterial trunk makes the recognition and dissection 
of the artery easy to perform. In this way it is also easy to 
perform physiological and rheometric studies requiring 
catheterization of the vessel (32). The extrapulmonary 
topographic anatomy of bronchial arteries in pigs exhibits 
similarities to that of humans. The principal bronchi of the 
pig are each accompanied by two major bronchial artery 
branches. Two bronchial arteries for each lung is also a 
common finding in human. Furthermore, the growth of 
the heart and cardiovascular system from birth to 4 months 
of age is analogous to the growth of the same system in 
humans into the mid-teens (26). 

Conclusions

The above mentioned, suggest that the pig and the sheep 
are anatomically and physiologically suited for experimental 
studies on the bronchial circulation. The bronchial artery 
of the pig is similar to this of human concerning the 
origin, the course, the branches and the blood supply. The 
suitable bronchial anatomy and physiology along with the 
undeniable usefulness of the pig in experimental research 
and the low maintenance cost make the pig the ideal model 
for experiments in bronchial circulation.

Acknowledgements

The authors would like to express their gratitude to Mrs 
Alexia Agrogianni for her invaluable help in the creation of 
the figure of this manuscript.
Disclosure: The authors declare no conflict of interest.

References

1.	 Galen C. Tracta Frobenianae. Book 6. Basel: 1562.
2.	 Cudkowicz L. Leonardo de Vinci and the bronchial 

circulation. Br J Tuberc Dis Chest 1953;47:23-5.
3.	 Ruysch F. eds. Opera omnia anatomico-medico-chirurgica. 

Vol I: Dilucidatio Valvularum, chap. 4, obs 15, 19-22, fig. 9. 
Amstelodami: Janssonio-Waesbergios, 1721.

4.	 Haller Albertus. eds. Icorum anatomicarum quibus 
praecipuae partes corporis humani. Gottingen: 1747:35-7.

5.	 Osaki T, Hanagiri T, Nakanishi R, et al. Bronchial arterial 

infusion is an effective therapeutic modality for centrally 
located early-stage lung cancer: results of a pilot study. 
Chest 1999;115:1424-8.

6.	 Yoon W, Kim JK, Kim YH, et al. Bronchial and 
nonbronchial systemic artery embolization for life-
threatening hemoptysis: a comprehensive review. 
Radiographics 2002;22:1395-409.

7.	 Kamler M, Nowak K, Bock M, et al. Bronchial artery 
revascularization restores peribronchial tissue oxygenation 
after lung transplantation. J Heart Lung Transplant 
2004;23:763-6.

8.	 Moberg A. Anatomical and functional aspects of 
extracardial anastomoses to the coronary arteries. Pathol 
Microbiol (Basel) 1967;30:689-94.

9.	 Remy-Jardin M, Bouaziz N, Dumont P, et al. Bronchial 
and nonbronchial systemic arteries at multi-detector 
row CT angiography: comparison with conventional 
angiography. Radiology 2004;233:741-9.

10.	 Liebow AA. Patterns of origin and distribution of the major 
bronchial arteries in man. Am J Anat 1965;117:19-32.

11.	 Cauldwell EW, Siekert RG, et al. The bronchial arteries; 
an anatomic study of 150 human cadavers. Surg Gynecol 
Obstet 1948;86:395-412.

12.	 Pump KK. Distribution of bronchial arteries in the human 
lung. Chest 1972;62:447-451.

13.	 Petelenz T. Non-coronary anastomoses of bronchial 
arteries. Cardiologia 1967;50:43-55.

14.	 Björk L. Angiographic demonstration of extracardial 
anastomoses to the coronary arteries. Radiology 
1966;87:274-7.

15.	 Moberg A. Anatomical and functional aspects of 
extracardial anastomoses to the coronary arteries. Pathol 
Microbiol (Basel) 1967;30:689-94.

16.	 Dupont P, Riquet M. The bronchial arteries. A review of 
their anatomy and their anastomoses with the coronary 
arteries. Surg Radiol Anat 1991;13:69-71.

17.	 Deffebach ME, Charan NB, Lakshminarayan S, et al. The 
bronchial circulation. Small, but a vital attribute of the 
lung. Am Rev Respir Dis 1987;135:463-81.

18.	 Wagenvoort CA, Wagenvoort N. Arterial anastomoses, 
bronchopulmonary arteries, and pulmobronchial arteries 
in perinatal lungs. Lab Invest 1967;16:13-24.

19.	 Pump KK. The bronchial arteries and their anastomoses 
in the human lung. Dis Chest 1963;43:245-55.

20.	 Tobin CE. The bronchial arteries and their connections 
with other vessels in the human lung. Surg Gynecol Obstet 
1952;95:741-50.

21.	 Viamonte M Jr, Viamonte M, Camacho M, et al. 



1512 Kotoulas et al. Bronchial artery circulation

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1506-1512www.jthoracdis.com

Corrosion cast studies of the bronchial arteries. Surg 
Radiol Anat 1989;11:215-9.

22.	 Baile EM. The anatomy and physiology of the bronchial 
circulation. J Aerosol Med 1996;9:1-6.

23.	 McLaughlin RF, Tyler WS, Canada RO. A study of the 
subgross pulmonary anatomy in various mammals. Am J 
Anat 1961;108:149-65. 

24.	 Magno M. Comparative anatomy of the tracheobronchial 
circulation. Eur Respir J Suppl 1990;12:557s-62s; 
discussion 562s-3s.

25.	 Calka W. Extrapulmonary course of the bronchial and 
bronchoesophageal arteries in the domestic pig. Folia 
Morphol (Warsz) 1975;34:59-67.

26.	 Gade J, Norgaard MA, Andersen CB, et al. The porcine 
bronchial artery: surgical and angiographic anatomy. J 
Anat 1999;194:241-7.

27.	 Lorentziadis M, Chamogeorgakis T, Toumpoulis IK, et 
al. Topographic anatomy of bronchial arteries in the pig: a 
corrosion cast study. J Anat 2005;207:427-32.

28.	 Nathan H, Orda R, Barkay M. The right bronchial artery. 
Anatomical considerations and surgical approach. Thorax 
1970;25:328-33.

29.	 Remy J, Deschildre F, Artaud D, et al. Bronchial arteries 
in the pig before and after permanent pulmonary artery 
occlusion. Invest Radiol 1997;32:218-24.

30.	 Gade J, Nørgaard MA, Andersen CB, et al. The porcine 
bronchial artery. Anastomoses with oesophageal, coronary 
and intercostal arteries. J Anat 1999;195:65-73.

31.	 White FC, Carroll SM, Magnet A, et al. Coronary 
collateral development in swine after coronary artery 
occlusion. Circ Res 1992;71:1490-500.

32.	 Kotoulas C, Karnabatidis D, Kalogeropoulou C, et 
al. Anastomoses between bronchial and coronary 
circulation in a porcine model: computed tomographic 

and angiographic demonstration. Hellenic J Cardiol 
2006;47:206-10.

33.	 Collier PS. Bronchial arteries of the dog-a pharmaco-
anatomical study. J Anat 1979;128:887-8.

34.	 Evans HE, De Lahundra A. eds. Miller’s anatomy of the 
dog. Fourth ed. Philadelphia: Elsevier Saunders, 2013:359.

35.	 Notkovich H. The anatomy of the bronchial arteries of 
the dog. J Thorac Surg 1957;33:242-53.

36.	 Hebel R, Strobberg MW. Circulatory system. In: Hebel 
R, Strobberg MW. eds. Anatomy of the laboratory rat. 
Baltimore: Williams & Wilkins, 1976:91.

37.	 Ferreira PG, Silva AC, Aguas AP, et al. Detailed 
arrangement of the bronchial arteries in the Wistar rat: 
Astudy using vascular injection and scanning electron 
microscopy. Eur J Anat 2001;5:67-76.

38.	 Deffebach M, Widdicombe J. The bronchial circulation. 
In: Crystal RG, West JB, Barnes PJ, et al. eds. The Lung: 
Scientific Foundations. New York: Raven Press, 1991:741-57.

39.	 Peão MN, Aguas AP, de Sá CM, et al. Neoformation of 
blood vessels in association with rat lung fibrosis induced 
by bleomycin. Anat Rec 1994;238:57-67.

40.	 Glenny FH. Modifications of pattern in the aortic arch 
system of birds and their phylogenetic significance. Proc U 
S Natl Mus 1955;104:525-621.

41.	 Abdalla MA, King AS. The avian bronchial arteries: 
species variations. J Anat 1977;123:697-704.

42.	 Moberg A. Anastomoses between extracardiac vessels and 
coronary arteries. 3. Microangiographic appearance. Acta 
Radiol Diagn (Stockh) 1968;7:33-47.

43.	 Nazari S, Prati U, Berti A, et al. Successful bronchial 
revascularization in experimental single lung 
transplantation. Eur J Cardiothorac Surg 1990;4:561-6; 
discussion 567.

Cite this article as: Kotoulas C, Panagiotou I, Tsipas P, 
Melachrinou M, Alexopoulos D, Dougenis D. Experimental 
studies in the bronchial circulation. Which is the ideal animal 
model? J Thorac Dis 2014;6(10):1506-1512. doi: 10.3978/
j.issn.2072-1439.2014.09.32



© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1513-1520www.jthoracdis.com

Introduction

As one of the most prevalent malignancies worldwide, lung 
cancer is the leading cause of cancer-related death worldwide (1).  
There were 334,800 deaths due to lung cancer in 2006 in 
Europe (2) and 753,800 deaths in 2008 in Asia (3). The 
vast majority of cases (80-95%) are non-small cell lung 
cancer (NSCLC) (4). Patients with early-stage NSCLC 
may be cured by surgical resection, followed by adjuvant 
chemotherapy, which significantly improves the relapse-
free and overall survival compared with surgery alone (5). 
However, a substantial proportion of patients with NSCLC 
are initially diagnosed with stage III disease (6).

Platinum-based chemotherapy together with concurrent 
thoracic radiotherapy is the first-line treatment for patients 

with unresectable stage IIIB NSCLC (4), but progress 
with this approach has reached an efficacy plateau, with 
few patients surviving beyond 5 years. Currently, attention 
has turned to whether incorporating consolidation or 
maintenance therapy into treatment regimens for stage 
III disease might improve the clinical outcome, but recent 
attempts to improve the outcome for stage III NSCLC 
patients have had limited success. Subsequent to the 
Southwest Oncology Group (SWOG) S9504 phase II 
study, which demonstrated the feasibility and tolerability 
of docetaxel as consolidation therapy following concurrent 
chemoradiotherapy in patients with stage IIIB disease (7), 
the potential of this approach was further investigated in a 
phase III study conducted by the Hoosier Oncology Group 
and US Oncology. However, it failed to improve survival, 
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and even worse, it significantly increased toxicity (8). In 
another trial, maintenance therapy with gefitinib after 
concurrent chemoradiation therapy had a negative effect on 
survival in the SWOG 0023 trial (9).

Immunotherapy is a potential method for providing 
an improved therapeutic index by improving treatment 
tolerability (10). Modulation of the immune system, via 
vaccination or immunity checkpoint inhibition, has gained 
interest as a potential treatment pathway for NSCLC, 
particularly in view of successes with immunotherapy in 
melanoma and castration-resistant prostate cancer (11,12). 
The mucin 1 (MUC1) glycoprotein is overexpressed and 
abnormally glycosylated in NSCLC and other cancers (13,14). 
MUC1 promotes tumor cell growth, survival, and metastasis 
as a result of its high level of expression on the cell surface; the 
immunosuppressive properties of its released ectodomain; and 
its anti-adhesive properties, which prevent cell-cell adhesion 
and encourage metastasis (15,16). A number of factors make 
MUC1 a good target for immunotherapy, including high-
level cell surface expression (17), antigenic epitopes (18) and 
aberrant glycosylation (19).

Rationale for immunotherapy with a MUC1 
vaccine (L-BLP25)

L-BLP25 is a liposome-based vaccine consisting of a 
synthetic 25-amino acid lipopeptide derived from the 
tandem repeat region of MUC1, together with the 
nonspecific adjuvant monophosphoryl lipid A and three 
different lipids (15). Monophosphoryl lipid A serves as an 
adjuvant to induce a cellular immune response. The use of 
a liposome-based delivery system was intended to facilitate 
uptake of the antigenic peptide by antigen-presenting cells, 
such that lipopeptide is delivered into the intracellular 
space for presentation to Class I MHC. This presentation 
leads to an antigen-specific T-cell immune response 
that acts on MUC1-expressing tumors. Cytotoxic T 
lymphocytes specific to the MUC1 peptide sequence have 
been isolated from the peripheral blood or lymph nodes 
of adenocarcinoma patients with breast, pancreatic, and 
ovarian cancers (20-22). Stimulation of peripheral blood 
lymphocytes in vitro with L-BLP25 results in the generation 
of a strong MUC1-specific CTL response.

Cytotoxic T lymphocytes are specialized T lymphocytes 
that destroy cancer cells. T-cell receptors (TCRs) that are 
expressed on cytotoxic T cells can recognize a specific antigen. 
The antigen, which is often produced by cancer cells or 
viruses, can stimulate an immune response. A special antigen 

inside a cell is bound to a class I MHC molecule and brought 
to the surface of the cell by the class I MHC molecule, where it 
can be recognized by the T cell. If the TCR is specific for that 
antigen, it binds to the complex of the class I MHC molecules 
and the antigen. Then, the T cell destroys the cell.

Although the vaccine was designed to generate a 
primarily cell-mediated immune response, a humoral 
response may also be involved. Subgroups of breast cancer 
patients have been identified who have IgG antibodies 
specific to the MUC1 core peptide (23). Figure 1 shows the 
mechanism of action for L-BLP25 on MUC1.

A single low dose of intravenous cyclophosphamide  
(300 mg/m2 to a maximum 600 mg) is administered prior to 
vaccination. MUC1 is highly immunosuppressive, and the 
low dose cyclophosphamide can overcome tolerance and 
enhance the effect of immunotherapy (24). Cyclophosphamide 
administered after immunization is immunosuppressive; thus, 
it is only given before the vaccination schedule is initiated. 
Cyclophosphamide plays a key role in the immunization 
strategy. Immune tolerance to self-antigens is a significant 
problem that must be overcome for many vaccine strategies 
to be effective (25). CD4+/25+ regulatory T cells are involved 
in the process of tumor-induced tolerance. Lutsiak et al. 
demonstrated that a single, low-dose parenteral administration 
of cyclophosphamide in female C57BL/6 mice leads to a 
decrease in both the number and functionality of T regs, 
enhancing apoptosis and the homeostatic proliferation of 
these cells (26). Similar findings have been noted using 
cyclophosphamide in a low dose, chronic daily dosing regimen, 
which is referred to as metronomic therapy (27).

As a MUC1 antigen specific immunotherapy, L-BLP25 
induces a T-cell response to MUC1 in both a preclinical 
MUC1-transgenic lung cancer mouse model and patients 
(28-30), and preclinical studies have found that L-BLP25 is 
indeed capable of inducing a cellular immune response in 
mice (31). The 1-year survival rate is higher in patients with 
NSCLC who have high compared with low levels of natural 
MUC1 antibodies (32). Such observations provide the 
biological rationale, suggesting that inducing an anticancer 
immune response to MUC1 using a vaccination strategy 
might be an effective approach in the treatment of NSCLC.

In December 2013, Charles Butts and colleagues 
reported the results of the START trial (33), which was 
restricted to stage III NSCLC. The START trial is the first 
phase III trial of immunotherapy maintenance in patients 
with stage III NSCLC. Although the results did not show 
a survival improvement with tecemotide (consisting of 
the MUC1-derived 25-aminoacid BLP25 lipopeptide, 
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the immunoadjuvant monophosphoryl lipid A, and three 
liposome-forming lipids) in all assigned patients, their 
data suggest that the subgroup of patients who received 
previous concurrent chemoradiotherapy might benefit from 
maintenance tecemotide.

To provide a foundation for ongoing and future clinical 
trials, a summary of the achievements gained in the 
completed clinical trials involving BLP25 administered as 
maintenance therapy for the treatment of unresectable stage 
III/IV NSCLC is necessary.

Preclinical study and phase I clinical trial

In preclinical murine studies, L-BLP25 induced a cellular 
immune response that is characterized by antigen-specific 
T-cell proliferation and the production of IFN-γ (31,34). 
Ultimately, this response led to early phase I and II clinical 
trials to assess its safety profile and efficacy. Last year, Wurz 
and his colleagues (35) evaluated the effects of L-BLP25 
combined with low-dose cyclophosphamide pretreatment 
on Th1/Th2 cytokines using a novel human MUC1 
transgenic (hMUC1.Tg) lung cancer mouse model. They 
found that the antitumor response to L-BLP25 requires at 
least two cycles and pre-treatment with cyclophosphamide. 
In addition, monitoring pro-inflammatory serum cytokines 

may be useful as a biomarker for the L-BLP25 response.
An initial phase I study in patients with NSCLC showed 

that the vaccine could be administered with minimal 
toxicity (36). Survival in the patients with advanced NSCLC 
who received L-BLP25 was sufficiently encouraging for 
proceeding with a phase II randomized study. In addition, an 
open-label, non-randomized phase I study combined with 
a double-blind, randomized, placebo-controlled phase II 
study was conducted in Japanese patients with unresectable 
stage III NSCLC after primary chemoradiotherapy. Their 
preliminary phase I safety data reported that L-BLP25 is 
well tolerated in Japanese patients, and the safety profile is 
consistent with that seen in previous studies.

Phase II clinical trials

Two foremost phase II trials established the dose and 
schedule of L-BLP25 and showed the ability of the vaccine 
to elicit a T-cell proliferative response (37). An open-label, 
randomized phase II trial in patients with stage IIIB or IV 
NSCLC who had underwent any first-line chemotherapy 
was undertaken to test the efficacy of L-BLP25. This trial 
recruited 171 patients from 17 centers in Canada and the 
United Kingdom. Patients were randomly assigned to 
either L-BLP25 plus the best supportive care (BSC) or 

Figure 1 Proposed mechanism of action of L-BLP25. APC, antigen-presenting cell; CTL, cytotoxic T lymphocyte; HLA, human leukocyte 
antigen; IFN-γ, interferon gamma; MPL, monophosphoryl lipid A; MUC1, mucin 1; Th1, T-helper lymphocyte; TCR, T-cell receptor.
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the BSC alone. Patients in the L-BLP25 arm received a 
single intravenous injection dose of cyclophosphamide  
(300  mg/m 2)  fo l lowed  by  8  consecu t i ve  week ly 
subcutaneous injections of L-BLP25 (1,000 μg). Subsequent 
immunizations were administered at 6-week intervals. The 
overall survival showed a trend toward longer survival with 
L-BLP25 plus the BSC vs. BSC alone [median: 17.4 vs.  
13.0 months; adjusted hazard ratio (HR): 0.739, 95% 
CI: 0.509-1.073; P=0.112], with a post hoc subgroup 
analysis (n=65) suggesting a greater survival benefit in 
patients with stage IIIB locoregional disease. An updated 
analysis confirmed the survival benefit in this subgroup of 
patients (median: 30.6 months for L-BLP25 plus BSC vs.  
13.3 months for BSC alone; adjusted HR: 0.548; 95% CI: 
0.301-0.999) (38). No significant toxicity was reported in 
the L-BLP25 arm of this study; grade 1 flu-like symptoms 
and adverse events related to cyclophosphamide were 
the most frequent side effects. The quality of life (QoL) 
analysis revealed a clear advantage for the L-BLP25 arm 
over the BSC alone arm; more patients in the vaccine arm 
had clinically meaningful improvement or no change in 
the QoL, and more patients in the BSC arm had clinically 
meaningful worsening in the trial outcome index (28). 

These safety findings are supported by a subgroup 
analysis of 16 patients who received L-BLP25 for at least 
2 years (39). The safety of the new formulation of BLP25 
has also been evaluated in a single-arm, multicenter open-
label phase II study enrolling 22 patients, wherein there was 
a similar safety profile as for the original formulation (30). 
The results of this phase II study showed that maintenance 
therapy with L-BLP25 in patients with unresectable 
locoregional stage IIIB NSCLC is at least feasible and may 
prolong survival in this patient group.

Phase III clinical trials

To determine whether the L-BLP25 vaccine enhances 
the survival of patients with stage III NSCLC who have 
received treatment with curative intent, Charles Butts and 
his colleagues started an international, randomized, double-
blind phase III trial, which they called START (Stimulating 
Targeted Antigenic Response To NSCLC. In over 4 years 
of this trial, 1,513 patients (274 of them were excluded 
because of a clinical hold) with unresectable stage III 
NSCLC were enrolled. The patients had completed first-
line treatment with chemoradiation, either concurrently 
or sequentially, and had stable disease or an objective 
clinical response. Randomly, 829 patients were assigned 

to receive tecemotide, and 410 were assigned to placebo 
on a double-blind basis at a 2:1 ratio after the modified 
intention-to-treat analysis. Incipiently, the study drug was 
given for 8 consecutive weekly subcutaneous injections of 
tecemotide (806 μg lipopeptide) or placebo, followed by 
an injection once every 6 weeks until disease progression. 
The primary endpoint was overall survival; however, 
the overall survival in patients who received tecemotide 
after chemoradiotherapy was not significantly different 
from those who received placebo [25.6 months (95% CI:  
22.5-29.2) with tecemotide vs. 22.3 months (95% CI: 19.6-25.5)  
with placebo; HR: 0.88; 95% CI: 0.75-1.03; P=0.123]. 
Interestingly, subgroup analysis revealed that there was a 
remarkable improvement in the patients who received previous 
concurrent chemoradiotherapy. The median overall survival 
for 538 (65%) of the 829 patients assigned to tecemotide was 
30.8 months (95% CI: 25.6-36.8) compared with 20.6 months 
(95% CI: 17.4-23.9) for the 268 (65%) of 410 patients assigned 
to placebo (adjusted HR: 0.78; 95% CI: 0.64-0.95; P=0.016). 
Currently, Charles Butts and his colleagues are planning a 
confirmatory randomized trial of tecemotide for patients with 
stage III NSCLC after concurrent chemoradiotherapy.

The biological rationale for such a difference in the 
response to tecemotide of NSCLC patients who previously 
received concurrent as opposed to sequential CRT remains 
unclear. A hypothesis was recently raised that the success 
of concurrent chemoradiotherapy in different solid tumors 
might be explained by the achievement of immunogenic cell 
death (40). Chiao-Jung Kao and his colleagues are trying to 
build preclinical animal models to accurately evaluate the 
effects of tecemotide in a preclinical setting. The mouse 
model may help explain the biological rationale for such a 
difference in the response to tecemotide of NSCLC patients 
who were previously receiving concurrent as opposed to 
sequential CRT (41).

There is an ongoing phase III trial, INSPIRE (Stimuvax 
Trial in Asian NSCLC Patients: Stimulating Immune 
Response), that is being conducted by Professor Wu to 
gain valuable insight into the potential role of L-BLP25 
as maintenance therapy for East-Asian patients with 
unresectable stage III NSCLC. Currently, approximately 
40 trial sites are contributing to the study to achieve a 
population of 420 patients. Figures 2 and 3 describe the 
overall survival from the phase III trial.

Conclusions

The theme within vaccine trials for NSCLC is a trend 
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toward a benefit, but there is a general inability to achieve 
primary endpoints. However, in view of the results of 
clinical trials, it seems premature to think that targeting 
a single tumor-associated antigen is an invalid approach 
against NSCLC (42). The results of START should 
be considered a guide to understanding the interaction 
between antigen-specific immunotherapy and prior CRT. 
Numerous trials are underway internationally to determine 
whether novel immunotherapies can generate meaningful 
improvements in key clinical outcomes (such as the 
median overall survival and progression-free survival) in 

patients with lung cancer. Defining patient populations 
that will attain the greatest benefit to treatment with 
immunotherapeutics and determining the best time in a 
patient’s treatment course to administer immunotherapy 
remain open questions that require further exploration in 
phase III clinical trials.

One area for improvement in vaccine development is 
how to best design vaccines that generate both an immune 
response and a correlative clinical response. Perhaps the 
next phase of development should focus on the achievement 
of greater knowledge about the importance of MUC1 in 

Figure 2 The overall survival in the modified intention-to-treat population and by randomization strata (33). (A) Kaplan-Meier curve of the 
overall survival in the primary analysis (modified intention-to-treat) population; (B) the overall survival in each of the four randomization 
strata in the modified intention-to-treat population. HR, hazard ratio; *, numbers in parentheses show the number at risk.

A

B
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NSCLC as well as on the identification of biomarkers that 
predict tecemotide efficacy (43). It may be important to 
monitor the immune response of cancer patients receiving 
immunotherapy over time and identify the parameters that 

correlate with survival. For example, it may be worthwhile 
to investigate an indicator of antigen-specific immune 
responses, such as the circulating levels of IFN-γ 24-48 h 
post-treatment, which might ensure that a given patient is 

Figure 3 The overall survival in patients who received concurrent chemoradiotherapy (33). (A) Kaplan-Meier curve of the overall survival in 
the subgroup of patients who received initial concurrent chemoradiotherapy; (B) the overall survival according to the baseline characteristics 
in the concurrent chemoradiotherapy subgroup. ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio.

A

B



1519Journal of Thoracic Disease, Vol 6, No 10 October 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(10):1513-1520www.jthoracdis.com

at least exhibiting an immunological response. The trials 
should be conducted in prospectively defined subgroups 
in ongoing and future clinical trials. Efforts to enhance 
the ability of a vaccine to generate immune responses in a 
greater percentage of patients and to identify patient factors 
that predict a greater likelihood of achieving a measurable 
immune response are necessary for maximizing the vaccine 
immunotherapy’s ability to improve patient outcomes. The 
questions raised by START will hopefully be explained soon 
with substantial effort placed into the study of tecemotide.
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Solitary fibrous tumor (SFT) is a rare pleural disease with 
asymptomatic clinical course. A case of pleural SFT with 
spontaneous rupture and massive hemorrhage, which was 
treated by emergency operation, is described.

Case report

A tumor was found in a 48-year-old woman’s left thorax 
by routine physical examination. Her medical history was 
unremarkable without exposure to asbestos. Chest computed 
tomography (CT) scan showed a mass of 2.8 cm × 2.5 cm near 
the descending aorta in the left thorax without hydrothorax 
(Figure 1A). She refused consent for the operation at first. 
After two months she was sent to the hospital again for 
sudden dyspnea and chest pain. Chest CT scan showed the 
mass with the same size and moderate amount of pleural 
effusion (Figure 1B). Closed thoracic drainage in the left 
thorax was taken and massive bloody fluid was revealed. 
Hemoglobin in blood routine test gradually descended from 
46 to 43 g/L despite blood transfusion. Enhanced chest CT 
scan showed large amount of pleural effusion in the left 
thorax, mediastinum was compressed to the right side, with 
no sign of aorta rupture or dissection (Figure 1C,D). Left 
posterolateral thoracotomy through the fifth intercostal 
spaces was performed immediately for hemostasis and 
resection of the tumor. About 2,500 mL blood was sucked 
in the left thorax. The left lung was normal. The tumor 
was found originated from the parietal pleura, the diameter 

was 3 cm, top of the it was ruptured and bleeding. We 
completely resected the tumor and the parietal pleura 
on the chest wall between the fourth and fifth ribs near 
the descending aorta (Figures 2,3). The tumor was not 
connected with the visceral pleura and lung. Hemoglobin 
rosed to 106 g/L by blood transfusion after surgery. 

Histopathological ly,  spindle-shaped cel ls  with 
demarcated nuclear membranes and dispersed chromatin 
in vesicular nuclei were observed. Mitoses were rare. 
Immunohistochemical staining showed that the tumor was 
expressing vimentin, CD34, CD31, and Bcl-2, cytokeratin 
was negative (Figure 4A,B). The tumor was pathologically 
diagnosed as benign localized pleural SFT. The patient 
discharged eight days after the operation. She is currently 
healthy after surgery.

Discussion

Solitary fibrous pleural tumor is a rare form of pleural 
disease. SFT represents less than 5% of pleural tumors 
and occurs most often in the visceral (80%) and parietal 
pleura (20%). It is considered to be originated from the 
mesenchymal cells of the sub-mesothelial connective tissue 
of the pleura. According to immunohistochemical analysis, 
vimentin, CD34, CD99 and Bcl-2 are positive in pleural SFT, 
which are markers of mesenchymal cells; however, cytokeratin 
is negative, which is found in mesotheliomas. These results 
indicate that SFT originates from mesenchymal cells rather 
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than mesothelial cells (1). In our case, immunohistochemical 
analysis showed vimentin, CD34 and Bcl-2 were positive, 
which was the identical character of SFT. 

SFTs often have an asymptomatic clinical course. 
The tumor usually grow into a huge mass before local 
compression symptoms developed, especially in patients 
without routine physical examinations. Tumors larger than 
10 cm would occupy a large space and compress other 

thoracic structures, which may cause symptoms such as 
dyspnea, chest pain, cough, and fatigue. About 50% of 
patients reported in the literature are symptomatic (2). 
Uncommonly hypertrophic pulmonary osteoarthropathy 
and hypoglycemia are also caused.  Hypertrophic 
osteoarthropathy, called Pierre Marie-Bamberger 
syndrome, is associated with the abnormal production of 
hyaluronic acid by the tumors. Hypoglycemia is caused by 

A

C

B

D

Figure 1 (A) Thoracic computed tomographic scan: a mass of 2.8 cm × 2.5 cm without hydrothorax; (B) tumor of 2.8 cm × 2.5 cm 
with middle hydrothorax; (C) and (D) enhanced computed tomography (CT) scan: abundant hydrothorax in the left thorax, organs in 
mediastinum are compressed, the aorta is normal and no sign of rupture.

Figure 2 The tumor between the fourth and fifth ribs was seen 
with rupture and bleeding on the top, the aorta was normal.

Figure 3 The tumor with spontaneous rupture and a hole was seen 
on the top because of necrosis and falling off in it.
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the insulin-like growth factor 2, which is secreted by the 
tumors (3). In our case, the patient had no symptom at first. 
When the tumor ruptured spontaneously, dyspnea and 
chest pain appeared until the operation was done to remove 
the tumor and relieve the compression of hemorrhage in 
her left thorax. The cause of spontaneous rupture is not 
clear. The only blood supply may come from vessels in the 
partial pleura and chest wall. One possible reason is that the 
top of the tumor tends to necrosis and bleeding because of 
insufficient blood supply along with growing of the tumor.

Occasional recurrences have been reported not only in 
malignant cases but also in benign cases, even though it is 
small percentage (1.4%) (4). Now the patient recovers very 
well after emergency operation, close follow-up is indicated 
because of the possibility of recurrence.

Conclusions

We report a case of a patient with spontaneous rupture 
and massive hemorrhage of pleural SFT. Although the 
tumor is small and benign, surgical resection could be 
considered for bleeding could be caused and presented as 

dyspnea and chest pain.
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Introduction

Pulmonary embolism (PE) may escape prompt diagnosis 
since clinical symptoms and signs are nonspecific. It is 
estimated that approximately 650,000 cases occur annually 
in the United States (1). Clinically, PE mainly manifests as 
chest pain, shock and hypotension, and only about 10% of 
patients have syncope as the initial symptom (2,3). Syncope 
as the presenting symptom of PE has proven to be a difficult 
clinical correlation to make. We report on the diagnosis and 
treatment of a patient with PE with syncope as the initial 
symptom.

Case report

A 62-year-old woman with no history of disease was 
admitted to emergency department of Affiliated Hospital of 
Xi’an Medical University after she had a syncopal episode 
in her home. The patient kept her right upper limb inactive 
for 1 week because of right clavicle’s fracture until she 
suddenly collapsed while standing and lost consciousness for 

approximately ten minutes. She recovered spontaneously 
but was extremely weak and dyspneic. She was also 
diaphoretic and tachypneic, but denied any associated chest 
pain or palpitations. No seizures were witnessed, and she 
experienced no incontinence.

On admission to Pulmonary Department, physical 
examination revealed a diaphoretic and dyspneic patient 
without focal neurologic findings. Her heart rate was regular 
at 96 beats per minute, her blood pressure was 131/82 mmHg  
without orthostatic changes, and her respiratory rate was 
32 breaths per minute. The room air oxygen saturation was 
86-90%, and arterial blood gas analysis in room air revealed 
hypoxemia (PO2 =47 mmHg) with an elevated alveoli-
arterial oxygen gradient (A-a O2 gradient). Examination of 
her head and neck was normal. The results of chest wall 
examination revealed normal breath sounds bilaterally. 
The findings of heart, abdominal and central nervous 
system examinations were unremarkable. There were no 
edemas in lower extremities. Levels of serum electrolytes, 
glucose, blood urea and creatinine, and complete blood 
counts were normal. Results of a computed tomographic 
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scan of her head were negative for bleeding, aneurysm 
or an embolic event. A Doppler scan of the legs was 
normal. An electrocardiogram showed a regular rhythm 
consistent with sinus rhythm; there were Q and T waves 
in lead III and an S wave in lead I, T wave inversion in 
lead V1-V6 (Figure 1). Because PE cannot be excluded 
and anticoagulant with low molecular weight heparin was 
performed immediately. A transthoracic echocardiogram 
revealed normal left ventricle function without a patent 
foramen ovale, an atrial septal defect or a ventricular septal 
defect and normal right ventricle function. The level of 
D-dimer was 1.5 mg/L (normal value 0-1 mg/L). The 
value of BNP was 170 pg/mL (normal level 0-100 pg/mL)  
and troponin was 0.1 mL (normal level 0-0.04 mL). An 
enhanced chest computed tomography (CT) scan revealed 
filling defects in the right main pulmonary and left inferior 
pulmonary arteries (Figure 2).

With a diagnosis of acute submassive PE (4), the patient 
underwent thrombolytic therapy with urokinase 1,000,000 IU  
over a 2-hour period, which brought about immediate 
improvement in the patient’s condition. Anticoagulant with 
low molecular weight heparin and an oral anticoagulant 
were continued when APTT decreased within two times of 
normal value. The following days, the electrocardiograms 
showed Q and T waves in lead III and an S wave in lead I 
were improved, T wave in lead V5-V6 were normal (Figure 3).  
Her symptoms improved dramatically, her respiratory rate 
decreased and her O2 saturation rose from 85% to 95%. An 
enhanced chest CT scan reexamination showed filling defects 
in the right main pulmonary and left inferior pulmonary 

arteries were remarkably improved after 12 days (Figure 4).  
After a 16-day course of hospital treatment, she was 
discharged on oral warfarin therapy. The patient’s long-term  
follow-up was performed by Pulmonary Department, and we 
learned that the patient was well for four months after that 
episode without any evidence of recurrent syncope or PE.

Discussion

The diagnosis of acute PE is amongst the most challenging 
problems encountered in clinical practice. Clinical 
assessment is necessary to estimate a pre-test probability 
of PE and determine what (if any) diagnostic testing is 
required. The most common symptoms of PE are dyspnea 
(82%), pleuritic chest pain (49%), and cough (20%) (5). 
Syncope is an uncommon presentation of PE, occurring in 
only 10% of patients. However, no clinical features can be 
used to rule in or rule out PE without further testing (6).  
There are several possible reasons why cause syncope: (I) 
acute right heart failure and damaged pulmonary blood 
perfusion causing decreased filling of the left ventricle, with 
resulting hypotension, bradycardia and cerebral circulation 
disturbance (7); (II) reflex syncope caused by bradycardia 
due to vagal stimulation and by peripheral vascular 
distention due to suppression of sympathetic nerves (8); and 
(III) syncope caused by an atrioventricular block induced by 
MPE (9).

Embolus of PE can be from superior vena cava or 
inferior vena cava. However, ~79% of patients who present 
with PE have evidence of deep venous thrombosis in their 

Figure 1 Electrocardiogram at pretreatment shows Q and T waves in lead III and an S wave in lead I, T wave inversion in precordial leads.
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Figure 2 Enhanced chest computed tomography (CT) scan at pretreatment shows filling defects in the right main pulmonary and left 
inferior pulmonary arteries. Black arrows point embolus.

Figure 4 Enhanced chest CT scan at post treatment shows filling defects in the right main pulmonary and left inferior pulmonary arteries 
are improved.

Figure 3 Electrocardiogram at post treatment shows Q and T waves in lead III and an S wave in lead I were improved, T wave in lead  
V5-V6 are normal.
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legs, if deep venous thrombosis is not detected in such 
patients, it is likely that the whole thrombus has already 
detached (10). The exact number of the symptoms and signs 
of deep vein thrombosis in patients with a diagnosis of PE 
is not clear, but one study reported deep vein thrombosis 
in 62% of patients with PE (11). The patient lacked 
activities for one week because of right clavicle’s fracture, it 
is possible embolus existed in inferior vena cava and whole 
thrombus detached from blood vessel, so it was not detected 
by ultrasound.

The electrocardiograph (ECG) is still simple, easy to 
use and useful in the diagnosis of acute PE. Surface ECG 
readings are altered in about 70% of PE (12). Numerous 
ECG findings have been reported, with sinus tachycardia 
being the most common (13). Findings such as the S1Q3T3 
pattern lack sensitivity and specificity, and also show no 
correlation with the severity of PE (13,14). Several studies 
have stated that T-wave inversion in lead III, aVF and 
precordial leads is most often associated with massive PE 
and/or PE with right ventricle (RV) dysfunction, ascribing a 
high sensitivity, specificity, positive and negative predictive 
value to these findings (14-17). Negative T waves in 
both leads III and V1 have been reported to accurately 
differentiate acute PE from acute coronary syndrome (15).  
The changes between the initial and posttreatment 
ECG from this patient are obvious, the role of ECG on 
diagnosing PE is not ignored by clinicians.

 Management with anticoagulants alone is typically 
sufficient for low-risk patients, more aggressive treatments 
such as thrombolysis, embolectomy, and inferior vena cava 
(IVC) filters are recommended for higher-risk patients. 
Thrombolytic therapy should be considered in all patients 
with massive PE and hypotension associated with deep 
vein thrombosis in the popliteal area or higher (18). The 
main indications for thrombolytic therapy include ongoing 
hypoxia, respiratory distress, pulmonary hypertension, 
and right heart failure because thrombolytic therapy often 
achieves an impressive and almost an immediate clinical 
benefit in these clinical settings (19). Our patient had 
emerged ongoing hypoxia and breathlessness on admission, 
so she had the indications for thrombolytic therapy. In 
fact her symptoms were improved dramatically after 
thrombolysis.

In conclusion, the occurrence of syncope as the sole 
initial symptom in a previously healthy patient with no 
hemodynamic instability following admission is extremely 
rare. In this situation, the raised awareness of diagnosis 
and knowledge concerning the clinical presentation of 

pulmonary thromboembolism are key factors in ensuring an 
immediate diagnosis and adequate intervention.
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Introduction

The most common causes of anterior mediastinal tumor 
include thymoma, germ cell tumor, thyroid disease, and 
lymphoma (1). Germ cell tumors are found in young adults 
and represent 15% of anterior mediastinal masses. Most 
common germ cell tumors are benign teratomas that grow 
very slowly (2). Complete surgical resection is the treatment 
of choice for such tumors, although this is sometimes 
difficult and requires careful attention in the case of larger 
tumors (2). We report our successful experience with 
complete resection of a large mediastinal teratoma showing 
rapid growth.

Case

An 11-year-old male with frequent upper respiratory 
symptoms visited our hospital for chest computed 
tomography. Chest radiography performed in a local 
hospital revealed a large mass occupying the right thoracic 
cavity (Figure 1A). A chest radiograph from three years 
prior also demonstrated a mediastinal mass neighboring the 
right cardiac border (Figure 1B). However, no further work-
up was performed at that time. Chest computed tomography 
in our hospital revealed a mediastinal mass, measuring 14 cm 
in largest diameter, occupying most of the right thoracic 
cavity (Figure 2A). The tumor showing a heterogeneous 
nature compressed the right lung parenchyma, but it had 
not become totally atelectatic. There was no prominent 

evidence of local invasion into neighboring organs. 
However, the mass compressed the right atrium and inferior 
vena cava (Figure 2A).

Preparation

The decision was made to remove the tumor. Left decubitus 
position was simulated before surgery to anticipate the 
mass effect on the inferior vena cava and right atrium. 
Fortunately, the patient had stable vital signs and did 
not complain of any other symptoms. A single lumen 
endotracheal tube with endobronchial blocker was prepared 
for single-lung ventilation. Forestalling the possibility of 
adhesions or invasions to the mediastinal organs or lungs, 
extracorporeal membrane oxygenation (ECMO) was 
utilized. A central line (6 Fr) via the internal jugular vein and 
two peripheral venous catheters (20 gauge) were prepared 
for unexpected bleeding or urgent intravenous medication. 
The vital signs were not changed after anesthesia, and 
surgery was performed with no extraordinary events.

Approach and pitfall

We selected the sixth intercostal space for our surgical 
approach. The mass seemed to have developed from the 
thymus or a thymus-neighboring organ based on comparison 
of the old and new chest X-rays (Figure 1A,B). Based on 
this finding, the fourth or fifth intercostal space would 
have been optimal for identifying the origin of the mass. 
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However, the mass had occupied the end of the diaphragm 
and the costophrenic angle, and we could not guarantee 
absence of invasion or adhesion around the diaphragm 
space. Therefore, to anticipate dissection of the lower 
right thorax area, the sixth intercostal space was selected 
and easily widened without rib resection. There was no 
pleural adhesion or effusion. The mass was determined 

to have originated from the thymus and was attached 
along the side of the phrenic nerve. Phrenic nerve sparing 
is important to preserve lung functions, especially in 
young patients. Thermal instrument use was avoided 
and meticulous dissection with Metzenbaum scissors was 
performed in order to not injure the nerve. Although there 
was no adhesion between the parietal pleura and the mass, 

Figure 1 (A) Preoperative chest PA radiography; (B) chest radiography performed 3 years ago.

Figure 2 (A) The huge mass compressing the Inferior Vene Cava; (B) gross features of huge, firm mass.
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a fibrous band and adhesion was observed between the 
pericardial space and the mass. Finger palpation and blunt 
dissection were used because direct visualization was not 
possible. Tumor punctuation could have provided additional 
information and simplified the surgery, especially if the 
tumor had been cystic. However, the outer surface was not 
cystic and was difficult to aspirate, so tumor punctuation 
was not performed. After surgery, the lung was expanded 
to fill the space even if long term compression by the mass. 
The patient recovered without problems, and the chest 
tube was removed on postoperative day 3. The patient 
was discharged without complications. The pathological 
examination revealed a benign mature teratoma containing 
hair, teeth, and other sebaceous material (Figure 2B). The 
patient showed stable vital signs and normal chest X-ray in 
the outpatient clinic.

Discussion

Posterolateral thoracotomy was inevitable in this case. If the 
surgery had been performed when the mass was small, some 
minimally invasive surgical techniques including video-
assisted thoracoscopic surgery or robotic surgery could have 
been utilized (3,4). However, by the time of presentation 
to our hospital, the mass had grown to a large size that 
prevented use of the technique. Median sternotomy with 
anterior thoracotomy was applied in a similar case (2). 
However, thoracotomy without a second incision was 
sufficient in this case, possibly due to the absence of tight 
adhesion or invasion between the mass and pleura. The 
flexible intercostal space of the 11-year-old boy also made 
this technique possible. In fact, rib resection or additional 
intercostal incision was not required even for extraction 
of the mass. Moreover, the patient did not complain of 
postoperative chest pain except tolerable discomfort.

Meticulous preoperative preparation might be also 
inevitable in such cases. Teratoma patients typically do 
not complain of major symptoms regardless of the size of 
the mass; however, the mass effect can be serious (2,5,6). 
In addition, surgery may be difficult in some cases (5,7). 
Therefore, preoperative simulation of the surgical position, 

application of a central catheter, and even ECMO should 
be considered. A meticulous surgical technique is also 
imperative so as to not injure a mediastinal structure such as 
the phrenic nerve, vagus nerve, or hilar structures. Decisive 
dissection with finger palpation is required because direct 
visualization of all entire mass is sometimes impossible, 
especially with large masses.

In conclusion, resection of a very large mediastinal 
mass occupying the right hemithorax via posterolateral 
thoracotomy was performed in an 11-year-old boy. 
Our meticulous preoperative preparation and surgical 
technique were effective and resulted in no postoperative 
complications and favorable recovery.
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Introduction

As part of the group of pregnancy related tumors, 
choriocarcinoma (CCA) is a trophoblastic neoplasm arising 
from placenta with secondary haematogenous spread into 
lungs, brain, liver, kidneys, intestine, pelvis and vagina. It is 
characterized by a fast course with reasonably satisfactory 
prognosis. Symptoms can vary from cough, shortness of 
breath and haemoptysis to menorrhagia, gastrointestinal 
bleed and devastating neurological deterioration depending 
on the site of invasion of the metastatic disease. It is 
associated with notable and sometimes soaring levels of 
serum b-HCG. In addition to chemotherapy, surgical 
intervention would sometimes be indicated especially in 
sizeable distant lesions resistant to chemotherapy. 

Case report

A 42-year-old female school teacher presented to our 
department with recent onset of cough, shortness of breath 
on physical exertion and haemoptysis. She had a smoking 
history of ten cigarettes per day for the last 15 years and a 
recent pregnancy giving birth to a healthy girl 6 months 
prior to onset of symptoms. Sputum sample was positive 

for blood but negative for growth of microorganisms. CXR 
demonstrated an isolated left upper lobe lung lesion (Figure 1),  
confirmed on subsequent CT scan of the chest. A PET 
CT image revealed mild metabolic activity within the lung 
lesion (Figure 2). A CT guided biopsy of the lesion was 
inconclusive and the patient underwent a left thoracotomy 
with lingula sparing upper lobectomy and systematic lymph 
node dissection. The postoperative course was complicated 
by chylothorax that was treated conservatively with 
octreotide and a low fat diet. Histology report was extremely 
interesting demonstrating largely ischemic, ill-defined 
necrotic tumor with variable cellular component ranging 
from giant, irregular and symplastic cells with multiple 
hyperchromatic nuclei to the other, smaller and rounder 
cells with clear cytoplasm, well defined borders, central 
hyperchromatic nuclei and abundant atypical mitosis. The 
above represented syncytia and cytotrophoblastic cells, 
respectively and were strongly suggestive of the diagnosis 
of metastatic CCA possibly arising from a primary 
gestational endometrial carcinoma especially on the 
background of the recent pregnancy. Raised serum BHCG 
levels (3,200 UI/L) further confirmed the diagnosis. 
Further investigation from the gynaecology team 
including transvaginal ultrasound was negative for a lower 
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abdominal or pelvic mass. At this point, she developed the 
loss of peripheral vision and the subsequent MRI scan of the 
brain showed 2 mm lesion in the brain. The neurosurgical 
opinion was sought that concluded no surgical intervention 
due to a very small lesion and the patient was commenced 
on the combined chemotherapy (low dose etoposide 
and cisplatin initially and EMA/CO on week 2). Patient 
underwent three courses of chemotherapy treatment with 
duration of 6 weeks resulting in a complete resolution of 
the physical symptoms and normalization of the BHCG 
serum levels. A repeat PET CT scan was negative and she 
was discharged home with a 6-month follow-up outpatient 
appointment and 2 weekly BHCG level monitoring by the 
GP in the community. 

Figure 2 PET CT. Mild metabolic activity within the lung lesion.

Figure 1 Chest X-ray demonstrating the lesion in the left upper lobe.

Discussion

Gestational trophoblastic diseases (GTD), as a broad 
term encompassing both benign and malignant growths 
arising from products of conception in the uterus, may 
be classified as hidatidiform moles (HM) which contain 
complete and partial HM and gestational trophoblastic 
neoplasia comprising invasive mole, CCA, placental site 
trophoblastic tumor (PSTT) and epithelioid trophoblastic 
tumor (ETT) (1,2). The reported incidence of GTD varies 
widely worldwide, from a low of 23 per 100,000 pregnancies 
(Paraguay) to a high of 1,299 per 100,000 pregnancies 
(Indonesia) (2). However, at least part of this variability is 
caused by differences in diagnostic criteria and reporting. 
The reported incidence in the United States is about 110 
to 120 per 100,000 pregnancies. Some textbooks speculate 
more generalized idea that in Europe and North America 
the incidence of CCA is higher ranging from 1 in 40,000 
pregnancies to 9.3 in 40,000 in South East Asia and Japan (3).

Variety of the risk factors have been implicated by 
different studies ranging from smoking, exogenous hormones 
and low body mass to associations between different maternal 
and paternal blood groups, genetic and environmental 
factors. However, on reviewing the modern literature, the 
most commonly described predisposing factors seem to be 
pregnancy, previous abortions or ectopic pregnancies with 
the biggest of them all being previous molar pregnancy 
and an early or late maternal age (2). Nevertheless, early 
identification of the high risk groups and decision for giving 
prophylactic chemotherapy remains a challenge as there is no 
clear cut indication for testing individuals extensively without 
presence of significant symptoms.

Immunohistochemical markers can further confirm 
the diagnosis of CCA with tumors staining strongly 
for HCG and inhibin alpha in the trophoblast, human 
placental lactogen (HPL) and inhibin alpha in intermediate 
trophoblast, and cytokeratin in all trophoblast cells (4). 
Approximately 75% of the CCA demonstrate distant body 
metastasis on diagnosis most commonly to lungs and brain. 

The most commonly referred classifying and staging 
tool for GTD appears to be the WHO modifying scoring 
system adapted by FIGO anatomical staging (Tables 1,2) (5).

In our example, modified WHO score was 14, FIGO 
stage IV putting the patient in an exceptionally high 
risk. Ordinarily, in similar circumstances, treatment 
with polychemotherapy must be commenced with an 
immediate effect. There are no randomized trials comparing 
regimens in common use to establish superiority of one 
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chemotherapeutic agent over another. Therefore, literature 
does not permit firm conclusions about the best therapeutic 
regimen (6). EMA/CO (etoposide, methotrexate and 
dactinomycin/cyclophosphamide and vincristine) is the 
most commonly used regimens (7,8). Concomitantly, 
vigorous serum BHCG level control must follow and close 
observation for potential symptoms to ensure initially falling, 
and then normal levels of HCG and possible need for 
surgical intervention in the event of debilitating recurrent 
metastatic disease resistant to chemotherapy. 

All in all, it can be concluded that, all women post 
pregnancy and especially with the presence of significant 
risk factors (i.e., previous abortions, ectopic pregnancy, 
molar pregnancy, age more than 35) presenting with 
hemoptysis must be carefully worked up for CCA, or at the 
least it should be one of the main differential diagnosis. 
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Table 1 Modified prognostic WHO scoring system as adapted by FIGO

Scores 0 1 2 4

Age <40 >40 – –

Antecedent pregnancy Mole Abortion Term –

Interval from pregnancy <4 months 4-6 months 7-12 months >12 months

Pretreatment serum HCG (IU/L) <103 103-104 104-105 >105

Largest tumor size including uterus <3 cm 3-4 cm 5 cm or more –

Site of metastasis Lung Spleen, kidney GI system Liver, brain

Number of metastasis – 1-4 5-8 >8

Previously failed chemotherapy – – Single drug 2 or more drugs

Table 2 FIGO anatomical staging

I

Disease confined to uterus

II

GTN extending outside of the uterus but limited to the 

genital structures

III

GTN extends to the lungs with or without genital involvement

IV

Extension to the other sites of metastasis (brain, kidneys, 

liver etc.)
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Case presentation

A 47-year-old female was referred for surgical resection of 
an anterior mediastinal mass which was found incidentally 
on a computed tomography pulmonary angiogram (CTPA). 
She presented with worsening shortness of breath and 
fatigue whilst under investigation for autoimmune hepatitis 
under the hepatologist. As part of the medical work up, 
she underwent a CTPA which ruled out a pulmonary 
embolus, but confirmed the presence of a well-rounded 
anterior mediastinal mass which was largely homogenous 
(Figure 1). In view of her ongoing symptoms of fatigue and 
breathlessness, she was also reviewed by the neurologists 
and was subsequently diagnosed with myasthenia gravis, 
confirmed on electromyography (EMG) and blood tests 
showing elevated titres of acetylcholine receptor antibodies.

She underwent surgical resection of her anterior 
mediastinal mass via median sternotomy without immediate 
complication. She had an uneventful recovery and was 
discharged on the sixth post-operative day. 

Histological analysis revealed a 31 mm diameter 
unencapsulated tumor with an infiltrative margin (Figure 2).  
There was evidence of sheets and trabeculae of bland 

squamous cells, large polygonal and columnar cells 
with eosinophilic cytoplasm, round nuclei with vascular 
chromatin and prominent nucleoli. Nuclear inclusions 
were present in occasional cells.  Histological and 
immunochemical analysis were consistent with a well-
differentiated mucoepidermoid carcinoma (MEC) (Figure 3). 
Background tissue was mostly atrophic with no evidence of 
a thymoma.

The patient then underwent magnetic resonance 
imaging (MRI), which excluded a head and neck primary, 
confirming a primary MEC of the thymus. She continues 
to have symptoms of myasthenia gravis which are well 
controlled with her pre-operative medication. The patient 
did not require any chemotherapy or radiotherapy post-
operatively and remained well after the operation. She has 
been scheduled for a surveillance CT scan in 9 months.

Discussion

MEC are most commonly found in salivary glands as first 
described by Stewart et al. in 1945 (1), there has since been 
reports of these neoplasms arising in other sites including 
larynx, bronchus and oesophagus. Primary MEC of the 
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thymus is a rare malignant epithelial neoplasm and less 
than 30 cases have been reported in the literature (2-4). 
There are no apparent associations with other conditions 
or paraneoplastic syndromes. There has been only one 

reported case of combined MEC of the thymus and 
thymoma with a background of myasthenia gravis (2), that 
patient’s symptoms of myasthenia gravis resolved completely 
following resection of his combined thymic carcinoma 
and thymoma. There has been no reported case of MEC 
of the thymus alone with concurrent myasthenia gravis. 
It is uncertain why our patient has myasthenia gravis and 
if it is related to her thymic malignancy, or if it is purely a 
coincidence that she had a thymic mass and her myasthenia 
gravis may be related to other underlying autoimmune 
processes in view of her ongoing autoimmune hepatitis. In 
view of the rare nature of this condition, it appears difficult 
to draw any conclusive evidence at present.

Patients with MEC of the thymus commonly present 
with respiratory symptoms including exertional dyspnea 
and chest pain, others remain asymptomatic and are 
incidentally found to have an anterior mediastinal mass 
on routine chest radiography. Radiologically, MEC of 
the thymus are often well-circumscribed, homogenous 
masses in the anterior mediastinum with multi-locular 
cystic structures observed on computed tomography (CT) 
scans of the thorax (3). This can vary depending on tumor 
grade and there have been cases where local invasion to 
adjacent structures are observed (4,5). These tumors are 
characterized histologically by squamoid mucin-producing 
cells with intermediate type cells. Histological analysis 
also revealed that these tumors vary from well- to poorly-
differentiated. Poorly-differentiated, high grade tumors 
have greater propensity for local invasion and distant 
metastasis and often have rapid progression of the disease 
despite aggressive subsequent treatment with chemotherapy 
resulting in mortality.

The Masaoka staging system for thymomas is also 
commonly used for thymic carcinomas. The stages are as 
follows: stage 1, grossly and microscopically encapsulated 
mass; stage 2, invasion of mass beyond thymic capsule; 
stage 3, macroscopic invasion of neighbouring organs; 
stage 4a, pleural or pericardial dissemination; stage 4b, 
haematogenous or lymphatic dissemination. This is often 
useful in determining prognosis as higher stage patients 
have much poorer 5-year survival rates.

Surgical resection is the mainstay of treatment for low-
grade tumors, some requiring radiotherapy to prevent 
local recurrence or disease progression. In cases where 
complete surgical resection is not possible, treatment with 
local radiotherapy appears to have a positive prognosis for 
low-grade disease as well (6). There is also suggestion in 
the literature that thymic tumors may be chemosensitive 

Figure 1  Computed tomography (CT) scan of the chest 
demonstrating the 31 mm lesion in the anterior mediastinum.

Figure 2 Mucoepidermoid carcinoma comprising a large epidermoid 
cells, intermediate cells and mucous cells seen with hematoxylin and 
eosin (H&E) stain at ×200 magnification. 

Figure 3 The presence of mucous cells are confirmed on staining 
with alcian blue-diastase periodic acid Schiff (AB-DPAS) stain at ×200 
magnification.
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for high grade disease (7). However, as these tumors are 
fairly uncommon and vary greatly between cases, there is 
no established treatment regimen that has proven effective 
beyond anecdotal evidence.

Although extremely rare, MEC of the thymus should 
be considered in a list of differential diagnosis for anterior 
mediastinal masses. As it is difficult to achieve a diagnosis 
based on radiological findings alone, early surgical excision 
is recommended, not only to achieve histological diagnosis 
but also to prevent local invasion or further disease 
progression. 
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Introduction

Approximately one quarter of all cardiac tumors exhibit 
some features of malignancy. The majority of malignant 
primary cardiac tumors are sarcomas, usually angiosarcomas 
or rhabdomyosarcomas (1). Synovial sarcoma (SS) is a 
clinically and histomorphologically well-defined soft tissue 
tumor that is extremely uncommon in joint cavities and 
has no apparent relation to synovial structures. SSs have 
been described at other unusual sites including the heart, 
pleura, kidney, prostate, liver, mediastinum, gastrointestinal 
tract, and peripheral nerve (2-7). A SS arising primarily 
from heart is uncommon and is usually identified at a late 
stage because of its nonspecific presentation and difficulty 
in obtaining a biopsy from this site. Complete surgical 
resection combined with chemoradiotherapy continues to 
remain the fundamental strategy for sarcoma management. 
This case describes our experiences with the presentation, 
diagnosis, and management of a patient with SS of the 
heart.

Case

A 27-year-old man presented with a 1-month history 
of dyspnea on exertion, nausea, general weakness, and 
palpitations. He had no remarkable medical or family 
history. Vital signs at the time of the first admission revealed 
temperature, 36.5 ℃; respiration, 27/min; pulse, 110/min; 
and blood pressure, 120/80 mmHg. An examination showed 
a faint continuous murmur with clear breathing sounds and 
mild peripheral pitting edema on both legs. Initial laboratory 
findings showed elevated levels of serum bilirubin,  
2.2 mg/dL; aspartate aminotransferase, 194 IU/L; alanine 
aminotransferase, 343 IU/L; creatinine, 1.49 mg/dL; and 
pro-brain natriuretic peptide, 3267.2 pg/mL with prolonged 
prothrombin time. A chest X-ray showed cardiomegaly and 
pleural effusion. Transthoracic echocardiography revealed a 
large mass in the right heart that nearly obstructed the right 
ventricle inflow tract during systole and a small 0.4 cm sized 
patent ductus arteriosus (Figure 1). Subsequent computed 
tomography showed a heterogenous enhancing tumor like 
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renal vein to the right kidney. The cardiac mass was resected, and an immunohistochemical analysis revealed 
it to be a TLE1-positive synovial sarcoma. After surgery, the patient received serial adjuvant chemotherapy. 
We herein describe the case with a brief review.
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lesion along the right ventricle, right atrium, inferior vena 
cava (IVC), right renal vein, and upper pole of the right 
kidney (Figure 2).

The decision was made to resect the mass for a definite 
diagnosis and to restore the right heart failure with 
congestive hepatopathy and nephropathy. Aggressive surgical 
management was done with radical nephrectomy, IVC 
mass excision, and intra-arterial tumor resection (Figure 3). 
The cardiac tumor was about 10.5 cm × 5.5 cm × 5.0 cm 
sized and connected to IVC mass without adhesion. There 
were no adhesion of the tumor at all and no lymph node 
enlargement, intra-atrial tumor was cut and removed from 
the near IVC and hepatic vein. From abdomen incision, after 
the incision of orifice of right renal vein that extend to the 
IVC, nephrectomy was done. The remained IVC tumor was 
removed totally.

Histological features revealed a monophasic SS, 
composed of fairly low uniform grade spindle cells. 
Immunohistochemical staining was positive for vimentin, 
C-kit, Bcl-2, and negative for cytokeratin (CK), smooth 
muscle actin, CD34, desmin, S100, CK7, and CK19. 
Transducin-like enhancer of split TLE1 was positive with the 
characteristic t(X; 18) (p11.2; q11.2) translocation, the SYT-
SSX fusion oncogene was not present (Figure 4).

The postoperative period was uneventful. He was 
discharged on postoperative day 10 by arrangement with an 
oncologist. He underwent four cycles of chemotherapy with 
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Figure 1 Transthoracic echocardiography shows a large mass in the right heart that is nearly obstructing the right ventricle inflow tract during 
systole and extending to the inferior vena cava (A-C). A small 0.4 cm sized patent ductus arteriosus (D).

Figure 2 Computed tomography shows heterogeneous enhancing 
tumor extending along the right ventricle to the upper pole of the 
right kidney.
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40 mg/m2 of adriamycine and 5,000 mg/m2 of ifosfamide. To 
date, he is alive with no significant clinical issues 5 months 
after primary surgery. 

Discussion

Sarcomas are common between the third and fifth decades of 
life and the right atrium is the most frequently affected (1).  
They have a wide variety of morphologies due to their 
mesenchymal origin. The SS in this case was located from 

the right ventricle to the right kidney. Except the kidney and 
adjacent large vessels, no definite adhesions or extensions 
were found. However the exact origin of this patient’s SS is 
still uncertain because of the side of uncertified microvascular 
invasion and the possibility of a widely distributed origin. 
SS is typically an aggressive tumor, and survival is usually 
less than nine months, even with surgery and adjuvant 
chemoradiotherapy. As with all malignant tumors of the 
heart, the characteristics of a SS can be life-threatening 
because of obstructed intracardiac blood flow, interference 
with valve function, and rhythm disturbances, as well as 
pericardial tamponade resulting from local invasion (8). 
Because cardiac SSs are rare, prognostic factors are hard to 
ascertain, but younger age at diagnosis, absence of complex 
chromosomal abnormalities, and origin of the tumor from 
the pericardium seem to be favorable factors (9).

SSs have biphasic and monophasic histological patterns. 
The classic biphasic SS has mixed epithelial and spindle cell 
components, whereas the monophasic SS has only the spindle 
cell component. In most cases of biphasic SSs, the expression 
of both CK and vimentin is seen, and almost always at least 
one epithelial cell marker is expressed, although expression 
may be focal. In monophasic SS, tumor cells stain diffusely 
positive for vimentin and variably positive for epithelial Figure 3 Resected mass in right atrium.

Figure 4 Solid and compact sheets of relatively well oriented plump spindle cells of uniform appearance with prominent nuceloli [(A), (H&E, 
×200); (B), (H&E, ×400); (C), (H&E, ×600)]. Nuclear positivity for the transducing-like enhancer of split (TLE)1 antibody [(D), (IHC, ×200)].
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proteins. The hallmark of the SS diagnosis is detection of 
the translocated chromosome t(X; 18) (p11.2;q11.2), the 
SYT-SSX fusion oncogene, which is present in more than 
90% of the SSs (10). TLE1 is one of four TLE genes that 
encode human transcriptional repressors homologous to the 
Drosophila corepressor groucho (11). TLE1 is a sensitive and 
specific immunohistochemical marker for SS, performing 
better than other known immunohistochemical markers, 
and can significantly aid in the pathologic diagnosis (12).  
We confirmed the diagnosis in this case using ancillary 
diagnostic methods such as cytogenetics and fluorescence in 
situ hybridization and validated that TLE1 was positive even 
though the SYT-SSX fusion oncogene was negative.

Treatment for SS is a combination of surgical resection, 
radiotherapy, and chemotherapy. Radical resection is 
the mainstay of treatment, although complete resection 
is seldom possible. Adjuvant radiotherapy is usually 
recommended in cases of extensive resection of a large 
tumor or incomplete resection. Adjuvant chemotherapy 
is needed but no standard medical therapy exists due to 
the rarity of SS. Therefore, more aggressive and complete 
surgical resection allows the best chance for palliation and 
survival due to SS.

We  h e r e i n  r e p o r t e d  a  c a s e  o f  c a r d i a c  S S 
immunohistochemically confirmed by TLE1 treated with 
surgical resection and adjuvant chemotherapy.
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Background

Primary malignant tumors of the chest wall are a 
heterogeneous group of uncommon tumors developing from 
the bones, cartilages or the soft tissues (1). Chondrosarcoma 
is the most common primary malignancy of the sternum, 
and the successful treatment of choice includes en-bloc 
removal of the tumor with the surrounding tissue with a 
minimum clear margin of 2 to 6 cm (2,3). Reconstruction of 
an oversized defect can be difficult, and sometimes needs the 
use of a synthetic prosthesis. Hereby, our experience with 
titanium mesh reconstruction of a large anterior chest wall 
defect is presented.

Case presentation

A 52-year-old man admitted to our clinic with progressive 
pain and swelling on the anterior chest wall. Past medical 
history was unremarkable. Physical examination showed 
a large solid mass fixed to the sternum. Thorax computed 

tomography (CT) demonstrated a hypodense 6×7 cm round 
mass located on the lower part of corpus sterni, with no 
sign of subcutaneous invasion radiologically (Figure 1A). 
Incisional biopsy revealed as chondrosarcoma. Positron 
emission tomography (PET-CT) scan demonstrated 
66×46×74 mm mass originating from the 1/3 lower part of 
corpus sterni, with a fluorodeoxyglucose (FDG) maximum 
standard uptake value of 3.8, with no other sign of distant 
organ or lymphatic metastasis (Figure 1B).

The patient underwent an en-bloc resection of the lower 
half of sternum with approximately 4-5 cm of the 5th to 
8th ribs, bilaterally. In order to reconstruct and recuperate 
the stability of the thoracic wall, a titanium mesh was 
placed and fixed to the edges of the remaining sternum 
and the ribs over a polypropylene mesh placed beneath, 
to protect the lung parenchyma from direct contact with 
the rigid titanium mesh (Figure 2). It was then covered 
with the pectoral muscle and the subcutaneous tissue. The 
postoperative course was uneventful, and the patient was 
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Abstract: Primary malignant tumors of the chest wall are uncommon. Chondrosarcoma is the most 
common malignancy of the sternum. The current therapy for chondrosarcoma requires adequate surgical 
excision. A 52-year-old man presented with a lower-sternal mass. Thorax computed tomography (CT) 
revealed a well-lineated, hypodense and round mass, which highly suggested the sarcoma of the chest 
wall. The tumor involved 1/3 distal part of the corpus sterni. Incisional biopsy of the mass was reported 
as chondrosarcoma. In order to obtain disease-free surgical margins, 1/3 distal part of the sternum with 
costochondral junctions was resected and reconstruction of anterior chest wall was performed with titanium 
mesh. The postoperative course was uneventful. The titanium mesh provided the essential rigidity and 
minimal elasticity over the surgical wound. Our findings show that this technique is adequate even for 
reconstructing extensive defects of the anterior chest wall.
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Figure 1 (A) Chest computed tomography (CT), showing 6×7 cm mass adjacent to the sternum; (B) positron emission tomography revealing 
intermediate metabolic activity in the mass, with the suspicion of bone/soft tissue malignancy.

Figure 2 (A) Fish mouth wide skin incision of the tumor with previous incisional biopsy site; (B) En-bloc resection of lower-half of sternum 
and bilateral 5th to 8th ribs, with the involved superficial tissue; (C) parenchyma protective polypropylene mesh reconstruction under the 
titanium plates; (D) titanium plate coverage, with screws fixed over the remaining rib edges.
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discharged on the postoperative day 8, with mesh present in 
proper location on chest X-ray (Figure 3). He is still being 
followed-up on 37th month, asymptomatically, without 
adjuvant chemo or radiotherapy.

Discussion
 

Tumors are rare, forge almost 0.5% to 1% of the primary 
bone tumors, with chondrosarcoma being the most 
common subtype. It mostly arises after the 6th decade of 
life, and has a slight male predominance (3,4). It is usually 
presented with a gradually growing, solid and fixed mass 
on the sternum, occasionally with concomitant chest pain, 
which is a sign of bad prognosis (3).

Chest wall resection and reconstruction procedures 
require adequate radical resection associated with the 
maintenance of chest stability, adequate lung function, and 
an acceptable cosmetic result (5).

Surgery is still accepted as the major treatment of 
primary malignant chest wall tumors, since they tend to 
be resistant to chemo or radiotherapy. The purpose of 
adequate radical surgery is removal of the tumor with a 
wide disease-free margin along with maintenance of chest 
wall stability. Inadequate tumor resection is associated with 
a high incidence of recurrence. Total sternectomy must be 
avoided if the sternum is not entirely involved. Subtotal 
resection is recommended, whenever possible, in order to 
partially preserve the chest wall stability (5,6).

The treatment of sternal tumors may be complicated 
because of anatomical proximity to vital neurovascular 
structures which can limit the surgical margins. The optimal 

incision should be 2 to 6 cm from the margin of tumor, in 
order to minimize the risk of local recurrence (7).

Reconstruction is essential to maintain original respiratory 
functions and protect other mediastinal organs. These 
reconstruction techniques include pedicled skin and muscle 
flaps, free skin grafts, and autologous bone transplants. The 
choice of reconstruction technique depends on the extent 
and localization of the defect. If the defect is less than 5cm, 
then the skeletal reconstruction is not necessary. Muscle flap 
reconstruction may be used alone in cases with sole upper-
half sternal resections. Resection of the lower sternum 
requires synthetic materials to stabilize the rigid chest wall, 
in order to protect the vital organs (2-4,8).

The prosthetic material used during the reconstruction 
should have sufficient rigidity to prevent paradoxical 
chest motion, must have adequate radiolucency to allow 
radiographic follow-up, and must be a biocompatible 
structure which allows growth of fibrous tissue, without 
causing any infection (1,4). It is not always possible to use 
autologous tissue for reconstruction of large chest wall defects 
because of possible surface area limitation, lack of adequate 
rigidity, and extended operation time. Surgical prosthetic 
materials may be preferred for thoracic reconstruction, 
but they are either too weak to provide sufficient stability, 
or excessively rigid with risk of erosion of neighboring 
structures, or causing restriction in the movements of the 
chest. Polypropylene mesh (Marlex®) is usually used for 
the reconstruction of large defects in the chest wall. It is 
relatively cheap and has a high affinity for tissue growth, but 
its lack of rigidity in patients with extensive defects may result 
in paradoxical motion of the chest wall (9).

Titanium mesh is more rigid, flexible, biocompatible 
and osteoconductive than polypropylene mesh, but it 
may as well be complicated by infection or fragmentation 
of the graft. It is quite rigid like a methyl methacrylate 
mesh, but relatively easier to shape, minimally elastic, less 
opaque on radiological examinations, and incorporates 
well with adjacent soft tissues, therefore cause minimal 
trauma (10). Shorter operation time through fast and easy 
instillation with no need for additional autologous tissue 
transplantation is other advantages of the titanium mesh.

Hereby, we described a rare chondrosarcoma case that 
has undergone subtotal sternal resection and reconstruction 
of the sternum. Reconstruction of large defects on the 
anterior chest wall with titanium mesh can rapidly, safely, 
and effectively be performed on patients with large 
malignant lesions of the sternum, with ideal rigidity and 
biocompatibility.

Figure 3 Post-operative chest X-ray, arrows showing the screwed 
mesh plate over the resection area.
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Introduction

Bullous emphysema has been proven to be an important 
risk factor for lung cancer. Lung cancer, however, is rarely 
found during surgery for pneumothorax. In the reported 
case, lung cancer was incidentally discovered after the 
patient underwent surgery because of pneumothorax. We 
report a large cell carcinoma on the bullous wall detected in 
the specimen resected during an operation for spontaneous 
pneumothorax.

Case

A 72-year-old male patient with emphysema was admitted 
to our hospital complaining of dyspnea. He was found 
to have a high fever. The previous history of the patient 
was not significant. Chest radiography showed infectious 
bullae and pneumothorax as well as infectious effusion in 
the bullae (Figure 1). Computed tomography (CT) of the 
chest revealed bullae on the right upper lobe (Figure 2). We 
performed chest drainage, finding serous fluid and air in 
the drainage tube, removing them. Although chest drainage 
was instituted, the patient continued to have a persistent 
air leak. Furthermore, the intracystic infection did not 

diminish. Therefore, we performed a right upper lobectomy 
because the bullae had spread over almost all of the right 
upper lobe. The postoperative course was uneventful, and 
the patient was discharged on the 6th postoperative day. 
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Large cell carcinoma on the bullous wall detected in a specimen 
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Toshinari Ema

Department of Thoracic Surgery, Meirikai Central Medical Center, 3-2-11 Higasijyujo Kita-Ku, Tokyo, 174-0051, Japan

Correspondence to: Toshinari Ema. Department of Thoracic Surgery, Meirikai Central Medical Center, 3-2-11 Higasijyujo Kita-Ku, Tokyo, 174-0051, 

Japan. Email: toshinariema09@yahoo.co.jp.

Abstract: Bullous emphysema has been proven to be an important risk factor for lung cancer. Some reports 
have described pneumothorax caused by rupture of an emphysematous bulla, following which cancer is 
found in the resected specimen. A 72-year-old male patient was referred to our hospital because of dyspnea 
and high fever. Chest radiography and computed tomography (CT) revealed right pneumothorax and 
emphysematous bullae. There was also effusion in the bullae and thoracic cavity. Based on the diagnosis of 
pneumothorax and a lung infection associated with bullous emphysema, we resected the bullae. Pathological 
examination of the specimen revealed a mass and large cell carcinoma.
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Figure 1 Chest radiography after chest drainage shows a bulla and 
intra-bulla fluid in the right upper lung field.
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The pathological specimen contained a tumor that had 
developed from the thickened wall of a bulla (Figure 3A). 
The postoperative pathological diagnosis was large cell 
carcinoma arising from the wall of a bulla (Figure 3B).

Discussion

Bullous emphysema is an important risk factor for lung 
cancer (1-4). The incidence of lung cancer associated 
emphysematous bullae has been reported to be 6.1%, which 
was times higher than that for patients without bullous 
disease (1). There are three possible explanations for lung 
cancer arising in a patient with bullous emphysema: (I) an 
occult cancer that has been present for some time, causing 
accumulation of material in the bullous area; (II) cancer 
arising from an area of squamous metaplasia; (III) cancer 
arising from a scar on the bullous wall (5).

Histologically, poorly differentiated adenocarcinoma and 
large cell carcinoma are most common. The prognosis is 
poor for each (6). It is rare that lung cancers are detected via 
the spontaneous pneumothorax (7,8). Cases of lung cancer 
whose first symptom is spontaneous pneumothorax are rare, 

having been reported in fewer than 1% of cases (9).
In this case, the patient was admitted to our hospital 

because of spontaneous pneumothorax. We performed 
surgery on him to resect bullae that exhibited air leakage 
or contained infectious fluid. During the operation, we 
could see the bullae spreading over almost all of the right 
upper lobe, so we decided to change the operation to right 
upper lobectomy. During the operation the cancerous 
lesion was not macroscopically evident. Fortunately, we 
completed the resection so it included removal of the occult 
cancer that was found later in the resected specimen. In 
medical practice, we see many patients with spontaneous 
pneumothorax caused by rupture of emphysematous bullae. 
Although our first thought is that the disease is probably 
caused by a weakened lung surface, we must not lose sight 
of the possible existence of cancer. Also, at the time of 
lung collapse it is common that various examinations (e.g., 
radiography and CT of the chest) indicate that the part of 
the lung that has collapsed has a nodular appearance. Thus, 
it is possible to misread the results of those examinations. 
Additionally, tumor associated with a lung cyst is almost 
always located in the distal portion of the lung. Hence, 
in most patients there are no symptoms that could be 
attributed to a cancer. This point makes it more difficult to 
suspect and then detect a tumor (5).

 

Conclusions

We reported a case of lung cancer detected in the operative 
specimen from a patient with diagnosed pneumothorax. 
Cases of lung cancer in which the first symptom is 
spontaneous pneumothorax are rare. Bullous emphysema, 
however, has been proven to be an important risk factor for 
lung cancer. It is therefore important to keep in mind the 
possible occurrence of lung cancer in the walls of bullae.

Figure 2 Chest computed tomography shows bullae spread over 
almost all of the right upper lung lobe.

Figure 3 (A) Cut surface of the resected right upper lobe discloses a well-demarcated tumor nodule measuring 5.0 cm in greatest diameter. 
It is closely associated with bullous cystic lung tissue; (B) histological sections reveal solid nests of large cell carcinoma (×600).
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Introduction

Germ cell tumors typically occur in young adults. Female 
ascendency has been reported by some authors with a 
ratio of 1.27-2.05 for female to male (1-3). In 1953, Willis 
defined the teratomas as true tumors composed of tissues 
that are foreign to the part or organ of the body (4).  
Anterior mediastinum is the most frequent site of 
occurrence of the tumors in thorax, and benign teratomas 
constitute about 3-12% (5). According to another review, 
3-8% is located in the posterior portion of the visceral 
compartment (6). The incidence given for germ cell tumors 
complicating pregnancy varies in the literatures (7,8). We 
firstly report a very rare case of a huge tumor compressed 
the vital structures of the mediastinum that was diagnosed 
in a 21-year-old woman at 39 weeks of gestation during a 
routine prenatal examination.

Case report

An ultrasound scan was performed at 39th gestational week 
in a 21-year-old primigravida which revealed a 10 cm × 
10 cm × 8 cm smooth-walled, mixed echogenic mass with 
irregular inner contents in the right thorax and presented 

to our hospital with cough for 2 weeks. A repeat scan four 
weeks later after she underwent a cesarean section, showed 
the same in the size of the mass. Physical examination 
showed dullness to percussion and diminished breath 
sounds on the right side of the chest. Laboratory data, 
including serum tumor markers were all within normal 
limits. Chest X-ray showed total atelectasis of the right lung 
and contained some calcified components in the middle of 
the thorax (Figure 1). The contrast-enhanced computed 
tomography (CT) scan revealed a large heterogeneous well-
defined mass of 16 cm × 10 cm in size on the right side 
abutting the chest wall and extended to the whole right 
pleural space (Figure 2). The mass showed heterogeneous 
density containing soft tissue elements, fat, cystic areas 
and foci of calcification. The echocardiography showed 
squeezing of the right atrium (Figure 3).

The patient, however, refused to have the Computed 
tomography-guided percutaneous aspiration examination. 
As diagnosis was not established through imaging, 
surgical management was first in the priority list of 
therapeutic options. The patient was subjected to the right 
posterolateral thoracotomy through the fifth intercostal 
space. Many adhesions existed with the right pulmonary 
artery, the right main bronchus, the pericardium, the 
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superior vena cava, and the diaphragm, and a combination 
of blunt and sharp dissection for the division was applied 
uneventfully. Because of difficulty in the mobilization of 
such a huge mass, a purse string suture permitted aspiration 
of sebaceous content via a small incision in the wall. As 
the size diminished, manipulation was facilitated. The 
tumor was completely resected and the collapsed right lung 
was easily re-expanded. Macroscopic examination of the 
resected tumor was white-gray colored, well circumscribed, 
and measured 16 cm × 13 cm × 10 cm in size. Histologically, 
it contained skin components with sebaceous glands, 
vessels, and fat, and muscles with bone, bone marrow, and 
gastrointestinal epithelium (Figure 4). No malignant or 
immature component was found. She is doing well without 

evidence of tumor recurrence 2 months following her initial 
diagnosis.

Discussion

Teratomas are uncommon neoplasms comprised of mixed 
dermal elements derived from the three germ cell layers and 
are characterized by the presence of virtually any tissue type. 
According to the mediastinal germ cell tumor classification 
system proposed in 1986 by Mullen and Richardson, there 
are three categories: benign germ cell tumors, seminomas, 
and nonseminomatous germ cell tumors, also called 
malignant teratomas (9). Germ cell tumors compromise 
15-20% of all anterior mediastinal tumors and benign 

Figure 1 Chest X-ray of the case. Chest X-ray showed total atelectasis of the right lung and contained some calcified components in the 
middle of the thorax (A,B).

Figure 2 Contrast-enhanced CT features of the case. The contrast-enhanced CT scan revealed a large heterogeneous well-defined mass of 
16 cm × 10 cm in size on the right thorax (A,B).
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mediastinal teratomas accounts for 60% of all germ cell 
tumors (10). Benign mature teratomas contain components 
derived from more than one of the three primitive germ 
cell layers: ectoderm: hair, skin; mesoderm: bone, cartilage, 
muscle, fat; endoderm: bronchial, intestinal, pancreatic 
tissue (11). A PubMed searching of the period from 1990 to 
2014 revealed little information on the “huge teratoma” of 
gravida as seen in our patient. We firstly report a very rare 

case of a huge teratoma that was diagnosed in a 21-year-old 
woman at 39 weeks of gestation. 

Benign teratomas are usually asymptomatic and may be 
diagnosed as an incidental finding. Common presenting 
symptoms include chest or shoulder pain, dyspnea, cough, 
fever, pleural effusion, and bulging of the chest wall (12). 
In the case under discussion, the patient presented cough 
for two weeks. With regard to radiologic evaluation, the 
most characteristic radiologic finding of these neoplasms 
is identification of a complex mass containing a well-
circumscribed fluid volume, fat-fluid level and calcifications. 
These findings are best identified by CT. CT offers superior 
identification of fat as either sebum or adipose tissue than 
by ultrasound. A fat-fluid level, however, has also been 
described in a case of well-differentiated liposarcoma of the 
retroperitoneum (13). There is also a word of caution in 
our case. Patient examined with chest X-ray showed total 
atelectasis of the right lung and contained some calcified 
components and the contrast-enhanced CT scan revealed 
a huge heterogeneous well-defined mass on the right side 
abutting the chest wall, which probably extended to the 
whole right pleural space. While CT was the standard for 

Figure 3 Echocardiography of the case. The echocardiography 
showed squeezing of the right atrium.

Figure 4 Histological and immunoistochemical features. Histologically, it contained skin components with bone marrow (A), sebaceous 
glands (B), muscles and muciparous glands (C) and gastrointestinal epithelium (D). (40×).
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retroperitoneal imaging, MRI allows for improved soft 
tissue resolution. It is useful in assessing for encasement or 
invasion of blood vessels, which aids in the determination 
of malignant potential and resectability. Fat is suggested by 
high-intensity signal on T1-weighted images (14). In our 
case, the patient refused to have the examination of MRI for 
the high cost.

Macroscopically, there are two variants. Cystic teratomas 
are composed of fully mature elements and are usually 
benign. Solid teratomas are more likely to be malignant and 
formed of immature embryonic tissue, fibrous tissue, fat, 
cartilage, and bone (15). Microscopically, cysts lined by a 
variety of epithelia, calcification and ossification are often 
seen. Benign mature cystic teratomas include epidermis, 
brain and glial tissue, teeth, cartilage, peripheral nerve, 
smooth muscle, respiratory epithelium, connective tissue, 
and intestinal epithelium (16). The teratoma classification 
system introduced by Gonzalez-Crussi (17), allows for 
stratification based on the nature of the tissues present 
within the tumor, their proportion, and their characteristics.

The differential diagnosis of benign teratoma is 
malignant teratoma. Malignant transformation has 
been reported to occur in 1% to 2% of ovarian cystic 
teratomas and in a few cases of mediastinal teratoma, 
especially giant mediastinal teratoma (18). The possibility 
of malignant transformation should be considered in any 
cystic tumor with an invasive solid portion in the wall. 
Malignant teratomas tend to progress rapidly and are 
generally diagnosed at advanced stages when symptoms 
develop. Renato et al. (19) reviewed ten cases of malignant 
retroperitoneal teratomas and found that the most common 
presenting symptoms were abdominal pain, an abdominal 
mass, vomiting, weight loss, and fever. Germinomas, while 
malignant, are radiosensitive and multi-modality treatment 
(chemotherapy, radiation, and surgery) often leads to 
effective tumor control.

Surgical resection is the treatment of choice and radical 
extirpation secures a long survival out of recurrence. 
Chemotherapy and radiotherapy have relatively small roles 
in the management of these tumors. Median sternotomy is 
usually preferred for tumor removal, but access via either 
posterolateral or anteroposterior thoracotomy depends on 
the size, location, and expansion of the tumor. Difficulty in 
surgical maneuvers may be a result of the vital structures 
involved (20). In the case reported, right posterolateral 
access was chosen, as the tumor was almost entirely located 
into the right hemithorax, reaching and adherent to the 
left hemidiaphragm. Such a location precludes median 

sternotomy, otherwise the preferred approach, as surgical 
manipulations are impossible on the lower lobe of the right 
lung and on the right hemidiaphragm. CT-scan revealed the 
relations with the mediastinum vital anatomical structures 
because it was critical to clarify whether there was an 
invasion or simply compression. At last, the tumor was 
completely resected and the collapsed right lung was easily 
re-expanded. Microscopic examination showed mature 
cystic teratoma.

Conclusions

Huge teratoma is rare neoplasm that is diagnosed 
in a pregnant woman. Teratoma is suggested by CT 
demonstrating a complex mass with a well-circumscribed 
fluid volume, fat-fluid level, and calcifications. While 
the majority of these neoplasms are benign, a variety of 
malignant components may be present or develop from 
clonal transformation. In the case reported, the primigravida 
presented only the cough for 2 weeks and the growth of the 
huge tumor has little influenced the pregnancy. Surgical 
resection and careful histologic evaluation is required for 
diagnosis. To facilitate the preoperative diagnosis and avoid 
the misdiagnosis of such rare disease, more cases will need 
to be reported.
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Background

Intravascular large B-cell lymphoma (IVLBCL) of lung is 
a rare type of extranodal large B-cell lymphoma (LBCL) 
characterized by the selective growth of lymphoma cells 
within the lumina of vessels, particularly within capillaries, 
with sparing of larger arteries and veins. The clinical 
presentation is highly variable due to occlusion of small 
vessels or capillaries in different organ systems. This is 
an aggressive lymphoma with poor prognosis that in part 
reflects frequent delays in diagnosis due to above variable 
symptoms. The most common clinical manifestations 
involve central nervous system (CNS) presentations, 
cutaneous lesions, fever, or hemophagocytic syndrome. 
Although autopsy findings have revealed that pulmonary 
involvement is common in this disease, primary presentation 
in the lungs is distinctly uncommon and has been rarely 
described. Here we report a case with its predominant 

clinical manifestation as interstitial lung disease, which 
was finally diagnosed as IVLBCL by biopsy. The clinical 
features, histopathological characteristics, and differential 
diagnosis of primary IVLBCL were also discussed in 
this article. Our patient was diagnosed with the help of 
the bronchial lung biopsy (TBLB). The clinical features, 
histopathological characteristics, and differential diagnosis 
of primary IVLBCL were also discussed in this article.

Case presentation

A 35-year-old, previously healthy woman presented to our 
hospital, with one-month history of cough, breathlessness 
and fever for two weeks. At a local hospital, based on the 
radiological findings, she was tentatively diagnosed with 
pulmonary infection and treated with various antibiotics 
and an intermittent use of methylprednisolone (40 mg/d). 
Her fever remained constant, and her breathlessness was 
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worsening even after treatment. She was a housekeeper and 
lived in Beijing for ten years. She denies any dust exposure 
or illicit drug use. At her initial presentation (day 1), she 
appeared well, and vital signs showed blood pressure of 
106/54 mmHg, temperature 38.6 ℃, heart rate 112 beats/min,  
respiratory rate 23 breaths/min and oxygen saturation 
92-95% (FIO2 =5 L/min). Physical examination showed 
emaciation and no inspiratory fine crackles and superficial 
lymphadenopathy was noted. Serum laboratory examinations 
showed a mild decrease in leucocyte count (3,600 μL); 
hemoglobin (72 g/L) and marked elevation of lactate 
dehydrogenase (LDH; 1,554 IU/L), C-reactive protein 
(175 U/L), procalcitonin (0.331 ng/mL), β2 microglobulin 
(5.22 mL) and antinuclear antibodies, and antineutrophil 
cytoplasmic antibodies were negative. Blood gas analysis 
showed pH 7.406, PaCO2 33.5 mmHg, PaO2 64.2 mmHg. 
Chest CT-scan showed diffuse interstitial shadows (Figure 1). 

Lung function test showed decline in diffusion and a mild 
restrictive ventilatory disorder.

Echocardiography showed moderate pulmonary 
hypertension (mean pulmonary artery pressure of 43 mmHg). 
After admission, prophylactic treatment was given, but her fever 
persisted intermittently (temperature range, 37-39 ℃), with 
oxygen saturation fluctuations in the 92-95% (nasal 5 L/min).  
A TBLB was immediately performed. On HE staining, 
the biopsied specimen showed accumulation of abundant 
atypical lymphocytes in the capillary vessels (Figure 2).  
Immunohistochemical (IHC) staining showed cells were 
positive for CD20, Pax5 (Figure 3A,B), BCL2, BCL6 
and MUM-1 and negative for CD3, CD10, CD2, CD30, 
CD34 (Figure 4), CD5, CD56, CD68, EBER, Syn, TTF-1, 
Granzyme B, and P63. The mean Ki-67 proliferation rate 
was 60% (Figure 5), indicating the tumour was in an active 
growing status. Bone marrow biopsy specimen revealed 
hyperplastic bone marrow, and atypical lymphocytes (9%) 
were also found (Figure 6).

Based on thorough history and investigation, the 
patient was diagnosed with IVLBCL. She was treated with 
R-CHOP (rituximab 600 mg, the day before chemotherapy, 
cyclophosphamide 1.0 g on day 1 + doxorubicin 60 mg on 
day 1 and day 2 + leurocristime 2 mg on day 1 + prednisone 
60 mg from day 1 to day 9, daily) for one cycle.

Due to severe respiratory failure, the patient died from 
multiple organ failure a week after the diagnosis.

Discussion

Pfleger and Tappeiner first described IVLBCL in 1958. 
It is characterized by tumor cells located almost entirely 
in the intravascular, peripheral blood and bone marrow 

Figure 1 Chest CT-scan showing diffuse bilateral interstitial shadows with small granules and nodules. CT, computed tomography.

Figure 2 Hematoxylin-eosin staining of pulmonary interstitium 
intravascular lymphoma, (400×).
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which makes it difficult to correctly differentiate from other 
tumors and it is regarded as a source of endothelial cells of 
the tumor. With the development of immunohistochemical 
and monoclonal antibody technology, it has been classified 
as a special type of lymphoma. In 2008 WHO identified 
it as a rare type of non-Hodgkins lymphoma (NHL). The 

main characteristics of this type of lymphoma are diffuse, 
occlusive proliferation, especially in the capillaries, small 
arteries and veins (1). There’s also the involvement of 
different organs and tissues including the CNS, skin, lung, 
kidney, but rarely affects the liver, spleen and lymph nodes. 
The pathogenesis of IVLBCL is unclear, however the 
splitting and translocation of chromosome maybe related 
with the pathogenesis of this disease (2).

The clinical manifestations of IVLBCL were nonspecific. 
Fever, weight loss and sweating (3) were the most 
common presentations. The main clinical findings were 
cough, sputum, hypoxaemia and dyspnea when lung was 
involved. Some patients also presented with hypercalcemia, 
pulmonary embolism, pulmonary hypertension or 
hemophagocytic syndrome as initial symptoms (3-5). In 
this case, pulmonary arterial hypertension was the main 
presentation with bone marrow hemophagocyte found on 

Figure 3 (A) CD20 immunostain of neoplastic intravascular B 
lymphocytes, (200×); (B) Pax5 immunostain showing the neoplastic 
lymphocytes, (200×).

Figure 5 KI-67 immunostain highlighting the proliferation of 
intravascular lymphoma cells, (200×).

Figure 4 CD34 immunostain showing neoplastic lymphocytes 
located in the alveolar capillaries, (400×).

Figure 6 Bone marrow smear shows hemophagocytic syndrome 
(red cells are engulfed).
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histological examination. 
An increased serum LDH, CRP and β2-microglobulin 

interleukin-2R (IL-2R) were found in most cases, and 
close relation between increased LDH levels and the 
differentiation of tumor cells was observed, accompanied with 
anemia, decreased platelets and white blood cell count (6,7).  
The abnormal lung function usually seen in such cases was 
limitation of ventilation and diffusion dysfunction (8).

Thoracic computed tomography (CT) findings of the lung 
involvement of IVLBCL patients were diverse, including 
ground glass opacity (GGO), multiple centrilobular nodules, 
interlobular septal thickening, interstitial shadows and 
thickening of bronchovascular bundles, suggesting lymphatic 
and or haematological spread (8). Recently, FDG-PET 
has emerged as a powerful functional imaging tool in the 
assessment of patients with this type of NHL. Several authors 
have reported FDG-PET is useful in the diagnosis of IVLBCL 
when this type of lymphoma is clinically suspected. FDG-PET  
is a powerful tool for the early diagnosis of IVLBCL with 
pulmonary involvement, when there is a suspected possibility 
of the presence of this disease in a patient with respiratory 
symptoms without abnormal findings by CT (9).

The diagnosis is often delayed due to varied clinical 
presentations and limited understanding of the entity. 
Histopathology remains the gold standard for diagnosis, 
showing the classic appearance of large malignant lymphocytes 
filling small vascular lumina particularly in cases involving the 
lung; TBLB was a useful method in our diagnosis. If it cannot 
be confirmed with TBLB, it is necessary to perform an open 
lung biopsy or a thoracoscopy (10).

Treatment recommendations are extrapolated from results 
of trials of more common subtypes of lymphoma. Most cases 
of IVL are associated with poor prognosis and should be 
treated systemically with an anthracycline-based regimen. 
Anthracycline-based chemotherapy has been associated with 
a 60% response rate and a 3-year overall survival rate of 
more than 30%. CHOP (cyclophosphamide, doxorubicin, 
vincristin, prednisone) and CHOP-like regimens are also 
considered to be effective. The treatment of cases with lung 
involvement is similar to that of diffuse LBCL. Takahashi 
et al. (11) found that the effect of rituximab combined with 
CHOP was better than just the single CHOP regimen, 
through analysis of the effect on 1,221 cases involving the 
various organs in patients with LBCL.
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