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ABSTRACT

Introduction: Exposure to cold dry air can determine rhinitis-like symptoms. 5-Pyrrolidone-
2-Carboxylic acid (PCA) and Copper Sulphate (CS) showed antiviral and osmoprotectant ef-
fect. Aim of this study is evaluation of effectiveness of 5-Pyrrolidone-2-Carboxylic acid (PCA) 
and Copper Sulphate pentahydrate (CS) (Pirometaxine) association in the treatment of cold dry 
air rhinitis with or without viral infection.
Methods: Fifty consecutive adult patients affected by cold dry air rhinitis with or without viral/
bacterial infection were enrolled in this prospective observational study and treated with pyro-
glutamic acid (PCA) plus copper sulphate (CS) (pirometaxine). All patients underwent an ob-
jective evaluation with optic fiber endoscopy and symptoms assessment at time of enrolment, 
after 3 and 7 days of treatment. 
Results: All symptoms scores decreased at 3 and 7 days with a mean Total Symptoms Score 
of 5.98±2.22 and 1.30±1.23, respectively. Twenty-seven patients (54%) reached a Total Symp-
toms Score of zero after 7 days. Median number of days until healing was 6. Only 18% of cases 
had turbinate hypertrophy and 10% nasal mucosa hyperaemia after 7 days. Main side effects 
were nasal itch in 4 cases (8%) and nasal burning in one case (2%).
Conclusions: The association of 5-Pyrrolidone-2-carboxylic acid and copper sulphate (piro-
metaxine) represent a safe treatment for CDA-induced rhinitis with or without viral infection, 
with few side effects. Clinical importance of this therapy will be better understood with further 
studies, comparing results to those observed in a control group.

KEYWORDS: 5-Pyrrolidone-2-carboxylic acid; Copper sulphate; Pirometaxine; Cold dry air 
induced rhinitis; Viral rhinitis; Common cold.

ABBREVIATIONS: PCA: 5-Pyrrolidone-2-Carboxylic acid; CS: Copper Sulphate; CDA: 
Cold Dry Air; RANTES: Regulated on Activation, Normal T Cell Expressed and Secreted; 
SA: Staphylococcus Aureus; SE: Staphylococcus Epidermidis; MRSA: Methicillin Resistant 
Staphylococcus Aureus; FEV1: Forced Expiratory Volume in one second; SPSS: Statistical 
Package for Social Sciences.

INTRODUCTION

 Rhinitis is characterized by nasal mucosa inflammation and may be caused by many 
stimuli, including virus, bacteria, allergens, environment condition.

 Viral rhinitis is often designated as “common cold” and represents an heterogeneous 
group of diseases caused by numerous viruses, including rhinovirus, picornavirus, coronavirus, 
adenovirus, para-influenza virus, influenza virus, metapneumovirus and respiratory syncytial 
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virus.1 It is defined by typical signs and symptoms, such as nasal 
congestion, postnasal drainage, rhinorrhea, sneezing, sore throat 
and cough. Other symptoms may also include headache, malaise 
and lethargy.2 Common cold is usually a self-limited disease, 
confined to upper respiratory tract, but sometimes it predisposes 
to bacterial superinfection or spread to adjacent organs, resulting 
in different clinical manifestations.

 Despite its usually benign nature, common cold is an 
important economic burden for society in terms of medical costs 
and days off work. In US total annual economic impact of com-
mon cold is estimated to be USD 40 billion dollars.1 

 Common cold is the result of damage caused by virus 
and host’s inflammatory response but detailed mechanisms are 
still only partially understood.2 Viral infection of nasal muco-
sa results in vasodilation and increased vascular permeability, 
which cause nasal obstruction and rhinorrhea. Cholinergic stim-
ulation leads to increased mucous gland secretion and sneezing. 
Different viruses cause different degree of epithelial destruction 
in nasal mucosa: influenza virus and adenovirus induce exten-
sive damage to respiratory epithelium, while rhinovirus doesn’t 
have cytopathic effects.3 Probably during rhinovirus infection 
epithelium damage is determined by host inflammatory response 
with increase of several inflammatory mediators, such as kinins, 
leukotrienes, histamine, interleukins 1, 6, and 8, tumour necrosis 
factor, and RANTES (Regulated on Activation, Normal T Cell 
Expressed and Secreted).

 Another stimulus that can determine rhinitis-like symp-
toms is exposure to Cold Dry Air (CDA). Many subjects expe-
rience rhinorrhea and nasal congestion after exposure to cold 
windy environments.4 Nasal burning sensation frequently pre-
cedes or accompanies these symptoms. Some conditions pre-
dispose subjects to be particular sensitive to CDA, for example 
patients with non allergic rhinitis react to CDA more vigorously 
than healthy people.5

 When exposed to CDA, nasal vascular structure per-
forms air conditioning by dilatation of resistance vessels and 
increasing blood flow. These effects lead to increased evapora-
tion of water from nasal mucosal surface, resulting in increased 
tonicity and osmolarity of nasal secretion. Hyperosmolar stimuli 
can trigger nerves directly activating parasympathetic system 
that cause nasal congestion and rhinorrhea.6 While viral rhinitis 
damage is determined by virus itself or consequent activation of 
immune system, CDA-rhinitis damage is mediated by hypero-
molarity.

 Currently a causal treatment for common cold is not 
available, but only general precautionary measures and symp-
tomatic therapy. Promising data could come from 5-Pyrrol-
idone-2-carboxylic acid (PCA) and copper sulphate pentahy-
drate (CS). Some studies showed in vitro antiviral effect of PCA 
and its potential use as hands cleanser. In particular, PCA has 
antiviral long-lasting activity against Rhinovirus Type 39 and 

against Influenza A virus (H3N2).7 Rhinovirus inactivation by 
PCA appears to involve virion structure changes similar to those 
that occur during virus uncoating. This conformational change 
results in loss of infectivity.8 Another PCA intrinsic function is 
ability to bind water in the skin and mucosa. This effect is useful 
to counteract damage-induced hyperosmolarity.

 Ion copper alone or in complexes have been used for 
centuries to disinfect liquids, solids, and human tissue. Today 
copper is used as a water purifier, algaecide, fungicide, nemato-
cide, molluscicide, and antibacterial.9

 A recent study investigated a new combination for hand 
disinfection evaluating effects of PCA and CS upon different 
bacterial species that normally colonize hands, including Staph-
ylococcus aureus, Methicillin Resistant Staphylococcus Aureus 
(MRSA), Staphylococcus epidermidis, Streptococcus pyogenes, 
Candida albicans. PCA and CS had a strong microbicidal activ-
ity against different bacterial species and a synergistic effect of 
the combination CS and PCA against all the tested species was 
observed.10

 Aim of this study is evaluation of effectiveness of 
5-Pyrrolidone-2-carboxylic acid (PCA) and copper sulphate 
pentahydrate (CS) (pirometaxine) association in the treatment of 
cold dry air rhinitis with or without viral infection.

MATERIALS AND METHODS

 Between February and April 2015, fifty consecutive 
adult patients affected by cold dry air rhinitis with or without 
viral/bacterial infection were enrolled in this prospective obser-
vational study and treated with pyroglutamic acid (PCA) plus 
copper sulphate (CS) (pirometaxine) at our Department. Inclu-
sion criteria were represented by cold dry air-induced nasal 
symptoms, such as rhinorrhea and nasal obstruction. Exclusion 
criteria were: clinical signs/symptoms of rhinosinusitis, micotic 
rhinitis, exacerbation of allergic rhinitis due to exposure to aller-
gens, epistaxis, bronchopneumonia. Institutional Review Board 
approval was obtained and patients gave their written consent.

 Treatment dose was two nasal drops per nostril three 
times a day for 7 days. Disposable vials were used. Other thera-
pies were not administered to patients during the study.

 All patients underwent an objective evaluation with op-
tic fiber endoscopy by an ENT specialist at time of enrolment, 
after 3 and 7 days of treatment. Presence of turbinate hypertro-
phy and nasal mucosa hyperaemia were evaluated. Symptoms 
assessment was based on a score (nasal obstruction, rhinor-
rhea, headache, myalgia, cold sensation, sore throat, cough, 
sneezing): each symptom was evaluated as 0(absent), 1(slight), 
2(moderate) or 3(severe). Total Symptoms Score was the sum 
of all symptoms scores.11 All patients reported at least a mod-
erate nasal congestion and rhinorrhea (score 2) at enrolment. 
One-point reduction in nasal obstruction and/or rhinorrhea af-
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ter 3 days was considered clinically significant and percentage 
of one-point reduction in these symptoms was considered the 
primary end-point. A patient was considered completely healed 
when Total Symptoms Score reached zero (number of days until 
healing was the secondary end-point).

 Moreover a diary was compiled by patients every day, 
basing on the same symptoms and reporting differences between 
morning and evening. Side effects were daily reported by pa-
tients in the diary. 

 Statistical Package for Social Sciences (SPSS), ver-
sion 17.0 was employed for data analysis. A descriptive analysis 
of all data was performed and they were reported as means or 
percentages and standard deviations. The Kolmogorov-Smirnov 
test demonstrated a non Gaussian distribution of variables, so 
non parametric tests were used. The Friedman test was used to 
assess differences in the mean of continuous variables and the 
chi-square test in the mean of categorical variables. A p value 
less than 0.05 was considered statistically significant.

RESULTS

 Mean age was 41.53±10.75 years (range 19-68 years), 
28 patients (56%) were male, 21 patients (42%) were smokers 
and no one had occupational rhinitis. Allergies were reported in 
15 cases (30%).

 Concerning subjective evaluation at enrolment time, 
moderate-severe nasal obstruction and anterior rhinorrhea was 
reported by all patients. Slight-moderate headache, myalgia 
and sore throat were present in 76%, 68% and 72% of cases, 
respectively. Cold sensation, cough and sneezing were less fre-
quent. Mean Total Symptoms Score was 10.56±3.63. At fiber 
optic endoscopic evaluation, the main findings were turbinate 
hypertrophy and nasal mucosa hyperaemia (100% of patients) at 
enrolment time.

 All symptoms scores decreased at 3 and 7 days with a 
mean Total Symptoms Score of 5.98±2.22 and 1.30±1.23, re-
spectively (Table 1). Twenty-seven patients (54%) reached a 
Total Symptoms Score of zero after 7 days. Median number of 
days until healing was 6 (range 4-10). One-point reduction after 
3 days was reached in 70% of cases for nasal obstruction and in 
76% for rhinorrhea. After 7 days all patients had at least one-
point reduction in nasal obstruction and rhinorrhea. Regarding 
fiber optic endoscopic evaluation, 72% of patients had turbinate 
hypertrophy and 50% nasal mucosa hyperaemia after 3 days. 
Only 18% of cases had turbinate hypertrophy and 10% nasal 
mucosa hyperaemia after 7 days. Basing on diary, more nasal 
obstruction and rhinorrhea were reported in the morning, rather 
than evening.

 Statistically significant differences were observed for 
endoscopic findings, Total Symptoms Score and all symptoms 

between time of enrolment and after 3 and 7 days of treatment 
(p<0.05). No statistically significant correlation was seen be-
tween Total Symptoms Score / number of days until healing and 
tobacco smoking/allergies (p>0.05).

 Main side effects were nasal itch in 4 cases (8%) and 
nasal burning in one case (2%), that generally appeared after one 
or two days of treatment. No epistaxis was reported by patients. 
No one stopped treatment because of side effects, which disap-
peared at the end of therapy administration.

DISCUSSION
 
 Symptoms of rhinitis, such as nasal obstruction and 
rhinorrhea, are often experienced on exposure to cold windy 
environments.12 Some individuals are more sensitive to CDA, 
for example, patients with non allergic rhinitis react to CDA 
more vigorously than healthy individuals.5 A database of 206 in-
dividuals with perennial allergic rhinitis and 150 with seasonal 
allergic rhinitis indicate that cold air is considered a stimulus for 
nasal symptoms in by 55% and 28%, respectively.13

 The prevalence of cold air induced rhinitis is not clear, 
however in a survey of 912 police officers in France, 5.4% re-
ported this complaint and they had a lower Forced Expiratory 
Volume in one second (FEV1).

14 CDA rhinitis is considered a 
possible risk factor for chronic airflow limitation.

 Nasal inhalation of CDA causes drying of the nasal 
mucosa, resulting in increased tonicity and osmolarity of nasal 
secretions.6 Hyperosmolar stimuli can trigger nerves directly 
leading to reflex stimulation of the parasympathetic system with 
consequent vasodilatation of nasal vessels.15-17 These effects 
could lead to increased speed of airflow, increased evaporation 
of water from nasal mucosal surface and hence increased osmo-
larity of nasal secretions.

 Because increasing the osmolarity of the medium sur-
rounding isolated mast cells and other cells in vitro triggers me-
diator secretion, response to CDA nasal inhalation could also be 
caused by the release of mediators secondary to an increase in 
the osmolarity of the mucosal secretions.6

 During cold air breathing, there is loss of heat and wa-
ter from mucosal surface, resulting in mucosal cooling and hy-
perosmolarity of nasal secretions. The affect of cooling of the 
mucosa is unknown. Evidence has shown that hyperosmolarity 
is a known trigger for mast cell and sensory nerve activation 
in the human nose. Water loss leading to hypertonicity is more 
likely to be the key stimuli compared to heat loss. 

 Respiratory mucosa of individuals with CDA sensitiv-
ity cannot compensate for the loss of water that occurs on ex-
posure to the stimulus, leading to epithelial damage. Cruz, et 
al. found a 6-fold increase in nasal lavage epithelial cells in the 
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Characteristic           Number of subjects (%)   p value
                    Enrolment                After 3 days            After 7 days

    Symptoms
Nasal obstruction

0 - Absent      0(0)   4(8)  40(80)  p<0.05
1 - Slight       0(0)  22(44)   7(14)
2 - Moderate      32(64)  20(40)   3(6)
3 - Severe      18(36)   4(8)   0(0)

Rhinorrea
0 - Absent       0(0)   6(12)  36(72)  p<0.05
1 - Slight        0(0)  25(50)  10(20)
2 - Moderate      35(70)  17(34)   4(8)
3 - Severe      15(30)   2(4)   0(0)

Headache
0 - Absent      7(14)  20(40)  41(82)  p<0.05
1 - Slight       18(36)  23(46)   9(18)
2 - Moderate      20(40)   7(14)   0(0)
3 - Severe       5(10)   0(0)   0(0)

Myalgia
0 - Absent     13(26)  24(48)  44(88)  p<0.05
1 - Slight      19(38)  22(44)   6(12)
2 - Moderate      15(30)   3(6)   0(0)
3 - Severe       3(6)   1(2)   0(0)

Cold sensation
0 - Absent     14(28)  34(68)  48(96)  p<0.05
1 - Slight      23(46)  14(28)   2(4)
2 - Moderate      13(26)   2(4)   0(0)
3 - Severe       0(0)   0(0)   0(0)

Sore throat
0 - Absent     12(24)  24(48)  45(90)  p<0.05
1 - Slight      20(40)  23(46)   5(10)
2 - Moderate      16(32)   3(6)   0(0)
3 - Severe       2(4)   0(0)   0(0)

Cough
0 - Absent     17(34)  27(54)  43(86)  p<0.05
1 - Slight      20(40)  21(42)   7(14)
2 - Moderate      13(26)   2(4)   0(0)
3 - Severe       0(0)   0(0)   0(0)

Sneezing
0 - Absent     21(42)  34(68)  45(90)  p<0.05
1 - Slight      19(38)  12(24)   5(10)
2 - Moderate       8(16)   4(8)   0(0)
3 - Severe       2(4)   0(0)   0(0)

Total Symptoms Score                10.56±3.63                5.98±2.22                1.30±1.23                   p<0.05

       Endoscopic findings
Turbinates

Normotrophic                                                           0(0)  13(26)   41(82)  p<0.05
Hypertrophic     50(100)  37(74)    9(18)

Nasal mucosa
Pink                                                            0(0)  25(50)   45(90)  p<0.05
Hyperemic     50(100)  25(50)    5(10)

Table 1: Symptoms and endoscopic findings.
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CDA-sensitive group after CDA, but not after warm, moist air.18 
The difference between CDA-sensitive and insensitive individu-
als probably relates to the ability of the mucosa to cope with 
conditions that demand increased water supply to inhaled air or 
to the epithelial surface. This finding reflects unequal capability 
of nasal mucosa to interact with environmental temperatures and 
humidity in individuals.

 Cold air is unlikely to be a causal factor initiating re-
spiratory diseases but a symptom trigger. Cold air-provoked 
nasal symptoms can be effectively treated by nasal deconges-
tants, but their long-term use is discouraged.19 Anticholinergic 
nasal sprays markedly decrease cold-air-provoked rhinorrhea, 
but do not affect nasal congestion or sneezing.20 These drugs are 
well tolerated even in long-term use and are therefore suitable 
for cold air-provoked rhinorrhea. The cold air-provoked nasal 
symptoms are poorly controlled by histamine-1 receptor antago-
nists and topical corticosteroids.21,22

 Infectious rhinitis is usually caused by an upper respi-
ratory tract infection, usually of viral origin. The most common 
causes are infections due to rhinovirus, coronavirus, adenovirus, 
parainfluenza virus, respiratory syncytial virus, or enterovirus. 
Viral infections are generally self-limited and resolve within 
7-10 days. Patients with infectious rhinitis typically present with 
clear to mucopurulent nasal discharge, accompanied by facial 
pain, olfactory alterations, post-nasal drainage and cough. Per-
sistent facial pain, purulent drainage and fever suggest a second-
ary bacterial infection.

 5-Pyrrolidone-2-carboxylic acid (PCA) and copper 
sulphate (CS) are known substances with relevant antimicrobial 
activity. PCA is a natural constituent of vegetables, fruits, fer-
mented soybean and cereals; it is also obtained by cyclization 
of glutamic acid. PCA can inhibit Bacillus subtilis, Escherichia 
coli, Enterobacter, Klebsiella, and Pseudomonas strains.23 Vi-
rucidal activity of PCA was reported by Turner and Hendley: 
PCA, alone and in combination with salicylic acid, has a strong 
virucidal activity against rhinovirus on human hands. At the 
concentration of 4 percent, PCA reduced significantly virus re-
covery and infection rate with residual activity: 15 minutes, 1 
hour and 3 hours after contamination, virus recovery from hand 
were respectively 17%, 28% and 59% while infection rates were 
13%, 13% and 22%.24 Moreover, ability of PCA to bind water 
and neutral inert nature of this metabolite allow to PCA the pro-
file of osmoprotectant. Indeed PCA represents a very interesting 
osmoprotectant: high water-binding capacity and the relative 
metabolic inert nature of PCA makes it a compatible solute and 
osmoprotectant. Pyroglutamic acid was found to accumulate in 
response to salt stress and function as an osmoprotectant along 
with ectoin and sucrose, known osmoprotectant. The de novo 
synthesis of pyroglutamic acid in response to osmotic stress is 
proposed to occur by a constitutive enzyme glutamine synthe-
tase, that cyclizes the glutamate into pyroglutamic acid in the 
absence of ammonia.25 This activity of PCA could be useful in 

controlling hyperosmolarity-induced mucosal damage.
 
 Copper is an essential component of many biological 
systems and is an important cofactor for many enzymes.26 High 
levels of copper are, however, toxic and, despite bacteria and 
other micro-organism have developed several mechanisms for 
dealing with excess metal, the redox properties of copper can 
also cause virus inactivation and cellular damage in yeasts and 
bacteria.

 In vitro evaluation of virucidal effectiveness of a com-
bination of PCA (4 percent) and CS (2 mg/100 mL) against hu-
man rhinovirus Type 14 was performed. Results showed that the 
combination had a strong virucidal effect and, after 15 minutes 
and after 180 minutes, it exerted a significant reduction (>4 log) 
of virus titration.27

 More interestingly, PCA and CS combination (piro-
metaxine) improved significantly antimicrobial capacity against 
both Staphylococcus Aureus (SA) and Staphylococcus Epider-
midis (SE) that are the most common pathogens of skin. These 
results, together with previous data on virucidal properties, high-
light the role of PCA and CS as potent antimicrobial substances 
and remark their strong synergistic effect. Therefore, the com-
bination of CS and PCA is an effective alternative to chlorhexi-
dine and alcohol-based products in hand disinfection due to its 
virucidal and antimicrobial efficacy and to peculiar features such 
as immediate and residual activity and moisturizing effect.28

 Aim of our observational study is evaluation of effec-
tiveness of 5-Pyrrolidone-2-carboxylic acid (PCA) and copper 
sulphate pentahydrate (CS) association (pirometaxine) in the 
treatment of cold dry air rhinitis with or without viral/bacterial 
infection, exploiting their antiviral, antimicrobial and osmopro-
tectant effects. Our results showed that the majority of patients 
was healed within 7 days of treatment with PCA and CS. Twen-
ty-seven patients (54%) reached a Total Symptoms Score of zero 
after 7 days and median number of days until healing was 6. 
After 7 days all patients had at least one-point reduction in nasal 
obstruction and rhinorrhea. Only 18% of cases had turbinate hy-
pertrophy and 10% nasal mucosa hyperaemia after 7 days.

 The main limit of this study is the absence of a control 
group. Further studies are necessary to better understand clinical 
potentialities of the combination of 5-Pyrrolidone-2-Carboxylic 
acid and copper sulphate in a self-limited disease, such as CDA-
induced or viral rhinitis. To definitively demonstrate the effec-
tiveness of therapy with PCA and CS, we need to plan random-
ized, prospective, double-blind controlled clinical trial with an 
homogenous population enrolled in the trial, in order to exclude 
every type of bias.

 We demonstrated that PCA and CS (pirometaxine) rep-
resent a safe treatment with few side effects, like nasal burning 
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and itch, that were reported by less than 10% of patients, without 
epistaxis. Treatment was interrupted in no case.
 
 In conclusion, the association of 5-Pyrrolidone-2-car-
boxylic acid and copper sulphate (pirometaxine) represent a safe 
treatment for CDA-induced rhinitis with or without viral infec-
tion. Clinical importance of this therapy will be better under-
stood with further studies, comparing results to those observed 
in a control group.
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ABSTRACT 

 Personalized treatment of lung cancer using therapies that target activating oncogenic 
mutations such as EGFR and ALK has become the standard of care. Current molecular testing 
is routinely performed for single genes and increasingly in a multiplex format. However, the 
scarcity of sufficient biopsy material has necessitated a more high-throughput and comprehen-
sive testing approach. Next Generation Sequencing (NGS) offers great promise as a highly 
sensitive method of detection for a variety of biopsy sources (tissue, blood, pleural effusions). 
However, there are multiple NGS platforms and panels with varying advantages and disadvan-
tages. 

 This pilot study compared four different library construction methods (Ion AmpliSeq, 
Illumina TruSeq, and Raindance Thunderbolts amplicon-based methods and Roche EZSeq se-
quence capture method) and two different sequencing instruments (Ion Torrent PGM and Il-
lumina MiSeq). A common set of ten tumor/normal pairs from lung adenocarcinoma patients 
were analysed by all platforms. Additional samples were analysed in subsets of the platforms. 
To assess the feasibility of sequencing circulating free DNA (cfDNA) from plasma and pleural 
effusions, two additional samples were analysed on two amplicon-based platforms. A bioin-
formatic pipeline for automated sequence data analysis was developed using the Galaxy en-
vironment. To determine the most cost-effective, technically streamlined library construction 
and sequencing method, we compared coverage statistics, sensitivity, variant detection, and 
workflow for all platforms.

KEYWORDS: Adenocarcinoma; Non-small cell lung cancer; Personalized medicine; Mutation-
al analysis; Pleural effusion; Circulating free DNA; Next generation sequencing.

ABBREVIATIONS: cfDNA: circulating free DNA; FFPE: Formalin-fixed paraffin-embedded; 
GUI: Graphical User Interface; NGS: Next Generation Sequencing; NSCLC: Non-small cell 
lung cancer; PE: Pleural Effusion; PCR: Polymerase Chain Reaction.

INTRODUCTION

 Lung cancer remains the leading cause of cancer-related death worldwide, accounting 
for 1.59 million of the 8.2 million total cancer deaths each year.1 Non-small cell lung cancer 
(NSCLC) accounts for ~80% of all lung cancers and adenocarcinoma, the main histological 
subtype, has frequently already metastasised when detected. As standard single-site biopsy of 
the primary tumor may not capture intratumor heterogeneity or the genetic makeup of metastat-
ic lesions, such testing can lead to inaccurate prognosis and treatment strategies.2,3 Availability 
of tissue biopsy in the majority of cases is limited and in some cases cannot be performed, thus 
reducing the likelihood of successfully monitoring therapeutic response. The use of alternative 
sources of biopsy material that reflect tumor heterogeneity and the metastatic state, such as 

Note: All gene names are abbreviated according to the Human Genome Nomenclature Committee.

http://www.genenames.org/
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B

readily available blood4 or Pleural Effusions (PE),5 may provide 
valuable information. 
 
There is an urgent need for sensitive methods for assessing 
mutational status from small biopsy samples for prognosis and 
predicting response to therapy as well as progression of lung 
adenocarcinoma. Next generation sequencing (NGS) offers at-
tractive prospects, including the ability to simultaneously inter-
rogate hundreds of mutational hotspots with high accuracy and 
sensitivity from limited amounts of genomic DNA from a vari-
ety of tumor sources. Major improvements in sequencing tech-
nology such as increased read length and accuracy have resulted 
in dramatic cost reductions, making NGS more affordable. Pro-
tocols for isolation of amplifiable DNA from Formalin-fixed 
paraffin-embedded (FFPE) samples6 and the small amount of 
DNA available from fine-needle aspirates7 have also improved. 
NGS is particularly valuable when solid tumor biopsies cannot 
be obtained but sampling of circulating free DNA (cfDNA) in 
plasma or pleural effusions is possible.8,9 Genetic alterations 
commonly found in thyroid cancer can be detected in cfDNA 
and have proved very useful in diagnosis from fine-needle as-
pirate biopsies that gave cytologically indeterminate results.10,11 

 For the clinical lab, NGS allows one single test on a 
single platform irrespective of cancer type or biopsy source.12 
Alternatively, customized panels can be designed that focus on 
cancer type-specific mutations, eg. ThyroSeq for thyroid can-
cer.13 Panels can be relatively small (20-30 Kb capture size) that 
focus on well-studied mutation hotspots or much larger panels 
(several hundred Kb to a few Mb) that encompass mutations for 
which therapeutics are in the pharmaceutical pipelines as well as 
genomic sites that are frequently mutated and may be of clinical 
or pharmacodynamic relevance.14,15

 Mutation analysis of NGS raw sequence data involves 
a complicated series of processes that can be divided into two 
main parts: alignment and variant calling. Alignment involves 
aligning the tumor and normal sequence reads to a human refer-
ence genome, a number of post-processing steps including re-
aligning sequences around insertion and deletions (where mis-
alignment is likely), recalibrating instrument quality scores and 
gathering quality metrics. Variant calling includes comparing 
the normal, tumor and reference sequence to look for possible 
variants, filtering these variants based on quality, clinical sig-
nificance or other parameters and finally, annotating the muta-
tion. Although commercial tools are available for NGS mutation 
analysis, they are costly and often involve storing data in a cloud 
environment, which may be prohibited for clinical patient data.
Therefore, locally installed, open source tools are a desirable op-
tion. However, it is also essential to have an analysis pipeline 
that is accessible to clinicians and scientists with no program-
ming knowledge. Galaxy16 is an open, web-based workbench 
that provides a framework for building pipelines for computa-
tional analyses of genomic data. Galaxy pipelines are secure, 
accessible, reproducible and transparent. Galaxy can be installed 
locally to protect sensitive data. Once open sources tools have 

been installed into the Galaxy framework and a workflow has 
been designed, users access the pipeline through an easy to use 
Graphical User Interface (GUI). Provenance tracking is auto-
matic; metadata such as inputs, parameters and outputs for each 
tool used are stored and easily accessed through the GUI. Gal-
axy’s web-based model allows easy sharing of datasets, histories 
and workflows.

 Here we report a pilot study that compared four dif-
ferent library construction methods and two different sequenc-
ing platforms. 48 samples (22 tumor/matched normal pairs, one 
tumor only sample plus two controls) were compared across Ion 
AmpliSeq and Roche SeqCapEZ. Due to lack of DNA for four 
of these samples, they were replaced by four samples from blood 
and PEs for analysis by Illumina TruSeq. Finally, upon acquisi-
tion of a Raindance digital droplet Polymerase Chain Reaction 
(PCR) instrument, a subset of 22 samples for which sufficient 
DNA remained plus two samples of cfDNA from plasma and a 
PE were analysed using this technology for library construction. 
A bioinformatics pipeline for sequence quality checking, align-
ment, post alignment processing, variant calling and annotation 
was developed within the Galaxy framework. The advantages 
and disadvantages of each method in our hands are discussed. 

MATERIALS AND METHODS

Sample Information

 Patient FFPE-preserved tumor biopsy samples and 
matched normal lung tissue were obtained from the Clinical 
Diagnostics Laboratory at Capital District Health Authority 
(CDHA; Halifax, NS, Canada). In addition, plasma from one 
patient, PE from one patient (both the cell pellet and cfDNA), 
whole blood from one patient and two control samples contain-
ing known amounts of cell lines harbouring mutations of inter-
est (Supp Tables 1 and 2) were also analysed. Cell lines H1650, 
H1781, H1975, A549 and SW948 were obtained from the Amer-
ican Type Culture Collection and propagated as recommended. 
Cell line H3122 was a kind gift from Dr. Jeffrey Engelman, 
Massachusetts General Hospital, Boston, MA. Cell line HCC78 
was obtained from Dr. John D. Minna (The University of Texas 
Southwestern Medical Center, Dallas, TX). This study was ap-
proved by the Capital Health Research Ethics Board (CDHA-
RS/2013-090), and all participating individuals signed informed 
consent. 

DNA Preparation and Quality Control

 DNA was prepared for mutational analysis in the Clini-
cal Diagnostics Laboratory at CDHA as described.17 DNA from 
22 tumor/matched normal pairs and one tumor only sample with 
known mutational statuses as determined by multiplex SNaP-
shot analysis and a quadruplex sizing assay and for which there 
was at least 1 mg of DNA available were chosen for analysis 
(Supp Table 1). DNA was sheared at the Genome Quebec/Mc-
Gill Innovation Centre using an Adaptive Focused Acoustics ul-
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trasonicator (Covaris, Woburn, MA, USA). PEs were obtained 
and processed within 2 to 4 h after thoracocentesis. The samples 
were centrifuged at 1,000 rpm for 10 min and cell pellet and 
supernatant were saved and frozen at -20 ºC.

 cfDNA was prepared from 3 mL of plasma and 10 mL 
of PE supernatant using the QIAamp Circulating Nucleic Acid 
kit (Qiagen, Mississauga, ON, Canada). DNA was prepared 
from the PE cell pellet derived from 10 mL of PE and from 400 
µL of whole blood using a QIAamp DNA Mini and Blood Mini 
Kit (Qiagen). DNA from the PE cell pellet and the whole blood 
was sheared by passing it through a 26-guage needle. 

 Double-stranded DNA from all samples was quanti-
fied using a Qubit 2.0 Fluorometer (Invitrogen, Burlington, ON, 
Canada) and DNA quality was determined using a Kapa hgDNA 
Quantification and QC kit (Kapa Biosystems, Boston, MA, 
USA) and a LightCycler 480 (Roche Applied Science, Laval, 
QC, Canada) according to the manufacturers recommendations.

DNA library preparation and next generation sequencing roche 
EZSeq custom capture (EZ): A custom SeqCap EZ Choice li-
brary (Roche Nimblegen) was designed to capture 211,652 Kb 
of DNA sequence from 863 amplicons in 94 genes that are often 
mutated in solid tumors. This custom design included all of the 
genes present in the other three panels as well as 14 introns from 
5 genes (ALK, BRAF, NTRK1, RET, and ROS1) in which trans-
locations commonly occur (Supp Table 3). The custom capture 
and library preparation were performed by the Genome Que-
bec/McGill Innovation Centre (Montreal, QC, Canada). Briefly, 
libraries were prepared from 250 ng of sheared DNA from 22 
tumor/matched normal pairs, one tumor only sample, and two 
control cell line mixtures (Supp Table 1) using the Kapa HTP Li-
brary Preparation kit (Kapa Biosystems). Two sets of barcoded 
libraries of 24 samples each were generated. DNA end-repair, 
A-tailing, ligation of TruSeq indexed adapters (Illumina), and 
amplification were performed according to the supplier’s proto-
col. The libraries were quantitated using a Qubit 2.0 Fluorometer 
as well as by quantitative Polymerase Chain Reaction (qPCR) 
using the Kapa Library Quantification kits (Kapa Biosystems). 
The libraries were also checked on a BioAnalyzer to assess the 
average insert size. Equal amounts of each set of 24 libraries 
were pooled and 1 mg of multiplexed DNA library pool was 
hybridized to the SeqCap EZ library together with Hybridiza-
tion Enhancing (HE) oligonucleotides as described in the Roche 
SeqCap EZ protocol. After amplification of the captured mul-
tiplexed DNA library pools, each pool of 24 libraries was run 
on a separate MiSeq at the Genome Quebec/McGill Innovation 
Centre using 150 bp paired end runs.

Ion AmpliSeq (IT): Targets were amplified from the same samples 
as above by 20 cycles of PCR using the Ion AmpliSeq Cancer 
Hotspot Panel v2 (Life Technologies, Burlington, ON, Canada) 
and the Ion AmpliSeq Library Kit 2.0 with 10 ng of input DNA 
according to the supplier’s protocol with the following modifica-
tions. Forty-eight samples were processed in three sets of sixteen 

samples each. In order to assess whether per sample sequencing 
cost could be reduced without detrimental effects on sequence 
quality and output, for two sets of samples one-fourth, and for 
one set one-half, reagent volume from AmpliSeq Library Kit 2.0 
was used. Primer sequences were partially digested and ampli-
cons were phosphorylated with the FuPa reagent, and then bar-
coded using Ion Xpress Barcode Adapters (Life Technologies).
After removal of the excess adapters from unamplified librar-
ies using AMPure XP Reagent (Beckman Coulter, Mississauga, 
ON, Canada), libraries were amplified for 7 cycles and equalized 
using the Ion Library Equalizer Kit (Life Technologies). Equal 
volumes of 16 libraries were combined resulting in three sets of 
16 pooled libraries and automated template preparation was per-
formed on an Ion OneTouch 2 system using Ion PGM Template 
0T2 200 Ion Sphere particles (IPS) and the Ion OneTouch Tem-
plate OT2 kit (Life Technologies). Each set of 16 libraries was 
enriched for template-positive Ion PGM Template 0T2 200 ISP 
on the One Touch ES system and sequenced on a separate 318 
chip using an Ion PGM Sequencing 200 kit v2 (Life Technolo-
gies). All procedures were performed at the Genome Quebec/
McGill Innovation Centre.

Illumina TruSeq (TS): Targets were amplified from all of the 
same samples as above except for four (1, 8, 21, and 23) for 
which no DNA remained (Supp Table 1). Instead, four samples 
derived from blood or PE were included to test the feasibility of 
using cfDNA. Libraries were prepared at NRC Halifax from 250 
ng DNA following the TruSeq Amplicon Cancer Panel library 
preparation guide Rev. A, April 2012. Briefly, DNA samples 
were hybridized with the primer pool, purified from unbound 
primers on the Illumina Filter plate by washing, and then bound 
oligos were extended and ligated by incubation at 37 °C. After 
addition of barcoding adapters and common adapters for cluster 
generation by polymerase chain reaction (PCR) a 5 µL aliquot 
from control and selected samples were run on 4% gel to con-
firm library amplification and expected fragment size. Librar-
ies were purified using AMPure XP Reagent (Beckman Coulter) 
and were normalized using library normalization beads (Illumi-
na), pooled in equimolar amounts and quantitated by qPCR. The 
pooled library was diluted 100-fold in chilled HT1 buffer to 11 
pM and loaded into the MiSeq V2 reagent cassette for 150 bp 
paired end runs. 

RainDance ThunderBolts (TB): Twenty-four samples (Supp Ta-
ble 1) for which DNA still remained (LT/LN6, LT/LN10-18, cell 
line controls, PE supernatant and plasma) were used to construct 
the libraries using the ThunderBolts Cancer Panel v7.1 (Rain-
Dance Technologies, Lexington, MA, USA). Libraries were 
constructed at NRC Halifax using the Thunderbolts Cancer Pan-
el Consumables Pack according to the supplier’s protocol. For 
each sample, two separate reactions were set up for droplet gen-
eration. Each primer pool set was mixed with 50 ng DNA, 2X 
Genotyping Master Mix (Life Technologies), droplet stabilizer 
and transferred to the RainDrop chip (8 reactions/chip). Droplets 
were generated in the RainDrop digital PCR source instrument 
(RainDance Technologies), transferred to a 96-well PCR block, 
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and amplified by PCR for 55 cycles using the ThunderBolts 
Cancer Panel 1st PCR cycling conditions. After purification us-
ing AMPure XP Reagent (Agencourt), Illumina bar-coded prim-
ers (Integrated DNA Technologies, Coralville, IA, USA) were 
added to each library pair by PCR for 10 cycles. After purifica-
tion using AMPure XP Reagent (Agencourt), library pairs were 
quantitated on a Bioanalyzer (Agilent). Total product yield was 
calculated for each pair and the samples were diluted to 2 nM. 
Equal portions of each 2 nM library were pooled, diluted to 1 
nM, and denatured with 0.2 N NaOH. Pooled and denatured li-
brary was diluted to 8 pM with chilled HT1 buffer (Illumina), 
and loaded into a MiSeq V2 reagent cassette with Raindance 
custom sequencing primers as described in the ThunderBolts 
Cancer Panel Protocol for Illumina MiSeq run. 

Data Analysis

 All sequence files were processed using a custom Gal-
axy (http://galaxyproject.org) bioinformatics pipeline (Figure 
1). FASTQ files were aligned to build 37 of the human reference 
genome (hg19) using the bwa-mem18 algorithm (for Ion Torrent 
sequences the following were changed from default values: -O 
7, -E 2, -L 2). Alignment files were sorted with Picard Tools 
v1.129, realigned and recalibrated using GATK.19 Pileup files 
were built using SAMtools mpileup20 (-d 10000, -q 30, -Q 20). 
Metrics were calculated using Picard’s CollectMultipleMetrics, 
CollectTargetedPcrMetrics and CalculateHsMetrics (http://
picard.sourceforge.net). Variants were called with Varscan21,22 

(http://varscan.sourceforge.net) using the default settings (ex-
cept tumor-purity was reduced from 1 to 0.6) for clinical sam-
ples. For cell line controls, the min-var-freq was reduced from 
0.1 to 0.02 since some of the mutations were present at low 
frequency. Translocations were analysed using BreakDancer.23 
Annotation and filtering was performed using VariantDB24 or 
VarSeq (Golden Helix, Bozeman, MT). In four cases, (Samples 
1, 8, 21 and 23) sequence data was not obtained from a matched 
normal sample with the TruSeq panel as there was insufficient 

DNA remaining. In these cases, a randomly chosen normal sam-
ple (LN13) was used to generate the variant files.

RESULTS AND DISCUSSION

Sequencing Metrics

 Sequencing metrics for all samples run on the four plat-
forms (EZ, IT, TS and TB) are available in Supp Table 4A-4C.
Metrics were calculated using Picard tools as described in Meth-
ods. For the ten tumor/matched normal pairs and two controls 
that were run on all four platforms, comparative data are shown 
in Table 1 and discussed in depth below. 

Mean Target Coverage and 100X Coverage of Target Bases 

 All of the platforms gave the predicted depth of cover-
age, taking into account the size of the panels and the output 
from the sequencers. The Thunderbolts platform gave the high-
est depth of target coverage whereas the EZSeq library gave the 
lowest (Figure 2A). However, the panel size was much higher 
for the EZSeq library (211 Kb vs. 30-37 Kb for the other panels). 
A single MiSeq run with the Version 2 chip is predicted to give 
approximately 5.7 Gb of sequence, which would give depth of 
coverage for 48 samples with the 210 kb EZSeq panel and two 
MiSeq runs of approximately 840X, 48 samples with the 35 kb 
TruSeq panel and one MiSeq run of 2600X, and 24 samples with 
the 30 Kb Thunderbolts panel and one MiSeq run of 5970X (cor-
recting for approximately 85% enrichment efficiency and 90% 
mappable reads). This is very close to what we obtained (522X, 
2975X and 4829X, respectively).

 Although the EZSeq platform resulted in lower reads, 
it captured a much larger target and thus more sequence infor-
mation including potential translocation breakpoints (usually in 
introns), and was customizable. However, it will require more 
sequence runs (and therefore cost) to provide sufficient coverage 

Figure 1: A schematic of the NGS mutation analysis pipeline including alignment, post-alignment processing, vari-
ant calling, annotation/filtering, and visualization tools.Tools shown in green are accessed from the Galaxy web-
interface; tools in blue are accessed outside of Galaxy. Inputs and outputs are shown in purple.

http://galaxyproject.org
http://picard.sourceforge.net
http://picard.sourceforge.net
http://varscan.sourceforge.net
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for accurate mutation calling.

 Thunderbolts, Ion AmpliSeq and EZSeq panels all 
had similar median % coverage of target bases at 100X (98.45-
100%) whereas the TruSeq panel gave consistently lower values 
(92.96%). In addition, the median % zero coverage targets was 
0.5% for TruSeq whereas it was virtually zero for the other plat-
forms. For the TruSeq panel, however, twice as many samples 
were run per MiSeq run and this could have contributed to the 
lower % coverage of target bases.

 Three samples (LN1, LN8 and LN21) had limit-
ing amounts of DNA and gave significantly lower total reads 
with the EZSeq and Ion AmpliSeq panels (Supp Table 4), and 
higher % zero coverage targets. Previous studies have also re-
ported that samples with marginal DNA yields underperformed 
in NGS assays compared to those with adequate DNA.15 One 
sample (LN14) gave only about one tenth the number of total 
reads compared to the other samples with the Thunderbolts pan-
el. However, the percent of reads that aligned to the reference 
genome and the error/indel rates were no different from other 
samples with high read counts (98-99%).

 Reducing the amount of reagent used for the Ion Am-
pliSeq library construction did not result in any appreciable re-
duction in mapped reads, mean depth or percent on target reads 
(data not shown). In fact the two libraries where only ¼ reagent 
amounts were used had marginally superior metrics than the li-
brary in which ½ reagent amounts were used. It is possible that 
significant cost savings could be achieved if this finding is borne 
out in a larger study.

 Coverage for samples from the PE pellet and plasma 
that were sequenced using the TruSeq and Thunderbolts pan-
els also gave significantly lower total reads than those that 
were derived from FFPE and a lower percentage of these reads 
aligned to the reference genome (94% and 82%, respectively, for 
TruSeq; 90% for Thunderbolts) and to the amplicon targets at 
>100X coverage (79 and 73%, respectively, for TruSeq; 99.9% 
for Thunderbolts). Interestingly, cfDNA isolated from the PE su-
pernatant had comparable total reads but the percentage of reads 
aligned to the reference genome and to the amplicon targets at 
>100X coverage was lower for TruSeq (93%). Whole blood per-
formed comparably to other samples for all metrics, confirming 
that blood serves as a good patient matched control for the tumor 
biopsy material. 

Error Rates

 All four platforms had acceptable error rates below 
0.5% (Figure 2B). Errors can result from the amplifcation re-
action or from the sequencing chemistry itself. EZSeq and Ion 
AmpliSeq libraries had error rates approximately half those of 
ThunderBolts and TruSeq libraries (0.23% and 0.19% vs. 0.48% 
and 0.47%). This could be due to the high number of PCR cycles 
(55) used in the generation of the Thunderbolts libraries; op-

timisation of conditions such as reducing the number of PCR 
cycles may improve the error rate for this panel. However, only 
27 cycles of PCR were used for the TruSeq libraries so it is pos-
sible that there are other underlying causes for the higher error 
rate. Strand-specific sequencing errors as described in Simen, et 
al.12 were seen in multiple samples and on different instruments.
Errors generated during PCR steps of library preparation are 
most frequent in amplicons with low coverage and with samples 
of low quality. Single nucleotide misincorporation at an early 
stage results in over-representation in the final library. Sequenc-
ing samples in duplicate can distinguish real mutations from am-
plification errors, although this adds to the cost of the assay.12

Indel Rates

 Indel rates were low for all platforms except the Ion 
AmpliSeq (Figure 2C), which had indel rates approximately ten-
fold higher (0.19% vs. 0.01-0.03%). Many of the indels occurred 
in homopolymer tracts of four or more identical bases, a phe-
nomenon which has been noted commonly.25

Chimeras

 The percent chimeric reads could be calculated for all 
MiSeq paired end reads but not the single reads from the Ion 
Torrent instrument (Table 1). The Thunderbolts platform had a 
significantly lower number of chimeric reads (0.04% compared 
to 0.19% and 0.47% for the TruSeq and EZSeq platforms, re-
spectively). This advantage could be due to the picolitre-sized 
droplets generated during the Thunderbolts library construction; 
where each droplet only contains one template, there would be 
less opportunity for chimeric amplicons to be formed. 

Variable ThunderBolts EZSeq  Am-
pliSeq TruSeq

Input DNA (ng) 100 250 10 250

Capture size (Kb) 30 211 37 35

Time shortest longest medium medium

Runs 1 MiSeq 2 MiSeq 3x318 1 MiSeq

Samples 24 48 48 48

Metricsa

  mean target coverage 4829X 522X 1353X 2975X

  %target bases 100X 99.93 98.45 100 92.96

  %zero coverage 0 ~0 ~0 0.53

  %errors 0.48 0.23 0.19 0.47

  %indels 0.02 0.01 0.19 0.03

  %chimeras 0.04 0.47 n/a 0.19

  CDHA concordance excellent excel-
lent Goodb excellent

  cell line controls excellent Goodc excellent excellent

aMedian values 
bMissed EGFR 19-DEL 24 bp
cNot consistent with other three platforms
Table 1: Sequencing metrics calculated for ten sample pairs and two cell line controls run on all 
four platforms.
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Figure 2: Median depth of coverage (A), error rate (B) and indel rate (C) obtained using four platforms. TB: Raindance Thunderbolts; 
EZ: Roche EZSeq; IT: Ion AmpliSeq; TS: Illumina TruSeq. 
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Sample Mutationa IonTorrent %b EZ Seq %b TruSeq %b Tbolt %b

1T EGFR 19-DEL EGFR 19-DEL 9bp 42.4 EGFR 19-DEL 9bp 28.5 EGFR 19-DEL 9bp* 29.3 not done n/a

2T Negative negative n/a negative n/a negative n/a not done n/a

3T Negative negative n/a negative n/a negative n/a not done n/a

4T Negative negative n/a negative n/a negative n/a not done n/a

5T Negative negative n/a negative n/a negative n/a not done n/a

6T KRAS 34 KRAS G12C (c.34) 33.7 KRAS G12C (c.34) 36.9 KRAS G12C (c.34) 38.0 KRAS G12C (c.34) 28.6

7T KRAS 35 KRAS G12D (c.35) 19.8 KRAS G12D (c.35) 23.2 KRAS G12D (c.35) 19.7 not done n/a

8T KRAS 34 KRAS G12C (c.34) 24.6 KRAS G12C (c.34) 16.6 KRAS G12C* (c.34) 23.8 not done n/a

9T EGFR 19-DEL negative n/a EGFR 19-DEL 24bp 1.8 EGFR 19-DEL 24bp 15.8 not done n/a

10T Negative negative n/a negative n/a negative n/a negative  n/a

11T KRAS 34c KRAS G12A (c.35) 21.8 KRAS G12A (c.35) 21.7 KRAS G12A (c.35) 24.2 KRAS G12A (c.35) 22.6

KRAS G12C (c.34) 8.6 KRAS G12C (c.34) 4.8 KRAS G12C (c.34) 2.6 KRAS G12C (c.34) 5.4

12T Negative negative n/a negative 9.0 negative n/a negative n/a 

13T Negative negative n/a negative negative n/a negative  n/a

14T Negative KRAS G13D (c.38) 50.0 KRAS G13D (c.38) 39.0 KRAS G13D (c.38) 54.6 KRAS G13D (c.38) 55.0

15T KRAS 34 KRAS G12C (c.34) 27.3 KRAS G12C (c.34) 19.4 KRAS G12C (c.34) 22.8 KRAS G12C (c.34) 26.6

16T Negative negative n/a negative negative n/a negative  n/a

17T KRAS 34 KRAS G12C (c.34) 29.9 KRAS G12C (c.34) 28.3 KRAS G12C (c.34) 27.0 KRAS G12C (c.34) 33.7

18T KRAS 34 KRAS G12C (c.34) 32.3 KRAS G12C (c.34) 28.0 KRAS G12C (c.34) 33.8 KRAS G12C (c.34) 31.2

19T NEGATIVE negative n/a negative n/a negative n/a not done n/a

20T NEGATIVE negative n/a negative n/a negative n/a not done n/a

21T NEGATIVE negative n/a negative n/a negative* n/a not done n/a

22T NEGATIVE negative n/a negative n/a negative n/a not done n/a

23T EGFR2369 T790M* 38.4 T790M* 39.0 not done n/a not done n/a

aMutation detected by SNaPshot or Quadruplex Sizing Assay in the Clinical Diagnostics Laboratory, CDHA
bPercent allele frequency detected by NGS
cLT11 contained a mixture of c.34G>T (G12C) and c.35G>C (G12A) always in different reads, not together indicating tumor heterogeneity
*LN13 used as normal control due to lack of matched normal sample
n/a, not applicable because sample was not sequenced or was negative for the mutation.

Mutation Detection and Congruence with SNaPshot and Sizing 
Mutational Analyses

 With one exception, all platforms detected the muta-
tions identified by SNaPshot and sizing assays in all 23 tumor 
samples (Table 2). The EGFR deletion in Exon 19 in sample 
9T was missed by Ion AmpliSeq but detected by EZSeq at low 
frequency (1.8%) and TruSeq at 15.8%. NGS was more informa-
tive than the SNaPshot and sizing assays in providing informa-
tion on the sizes of the deletions in EGFR Exon 19 in samples 
1 and 9 and uncovering additional information on the nucleo-
tide position of the KRAS mutations. The KRAS34 mutation 
identified by SNaPshot in sample 11T was actually two KRAS 
mutations in adjacent nucleotide positions 34 and 35 of codon 
12. These were found in all four platforms and occurred on dif-
ferent sequencing reads, indicating tumor heterogeneity rather 
than a double mutation in some clones (Figure 3).  An actionable 
KRAS codon 13 mutation (c. 38G>A) that is not included in the 
SNaPshot assay was identified in sample 14T at a frequency of 
39-55% by all four platforms (Figure 4). 
 
 The allele frequencies were quite consistent across 
platforms (Table 2) although in some instances, one platform 

showed a lower frequency from the other three. For example, 
the KRAS G13D mutation in sample 14T and the KRAS G12C 
mutation in sample 15T were present at 39% and 19.4%, respec-
tively, in the EZSeq platform whereas in the other three plat-
forms, these mutations were present at 50-55% and 23-27.3%, 
respectively.

 In addition to the mutations that were assayed in the 
Clinical Diagnostics Laboratory, several others were identified 
using NGS, the most common of which were in TP53 (Supp 
Table 5). These were found in eleven different tumors; the TP53 
p.R234L mutation was found in three separate tumors. The 
p.Q61L mutation was detected in the HRAS gene, whereas in 
lung cancer it is normally found in the KRAS gene.

Concordance with Cell Line controls

 The concordance of mutation detection in cell line con-
trols by NGS is shown in Figure 5. The allele frequencies were 
quite consistent across platforms, although KRAS G12S and 
PIK3CA E542K were not detected using the EZSeq platform.
The values from the EZSeq platform also deviated substantially 
in the cases of the EGFR Exon19 deletion, the HER2 insertion 

Table 2: Concordance of mutation calls in clinical samples between SNaPshot/sizing assaysa and NGS. Discordant results are shaded gray. n/a, not applicable because sample was not se-
quenced or was negative for the mutation.
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and the PIK3CA E545K for the complete control and BRAF 
V600E and TP53 R273H for the partial control. This could 
be attributed to the relatively low read depth for this platform; 
there were only approximately 100 or less reads for the tumor 
samples using the EZSeq platform compared to hundreds for the 
Ion AmpliSeq platform and several thousand for the other two 
platforms. Unfortunately, these low reads also prevented detec-
tion of the EML4:ALK and SLC34A2:ROS1 translocations rep-
resented in the EZSeq panel. All of the platforms except EZSeq 
detected low frequency mutations at below 2%. It has been re-
ported that mutation detection performance deterioriates when 
coverage falls below 100X15 and increasing the read depths for 
the EZSeq platform could resolve this problem. Given the wide 
variation in the amount of malignant cells in different tumors, 
detection at sensitivity of 2% is feasible with the high coverage 
obtained by the Raindance Thunderbolts and Illumina TruSeq 
platforms.

Liquid Biopsy Samples

 Non-invasive techniques such as liquid biopsies for 
genotyping tumors show great promise for diagnosing cancer 

earlier,9 for following treatment, and for monitoring resistance 
during therapy,26 especially in patients for whom solid tumor bi-
opsies are unobtainable. Mutational analysis of liquid biopsies 
also can potentially provide a more complete picture of the het-
erogeneity present in tumors compared to biopsies from a single 
region of a solid tumor. We demonstrated the feasibility of de-
tecting mutations in cfDNA from plasma and pleural effusions 
using Thunderbolts and TruSeq platforms (Table 3). Although 
we only tested limited samples, it appears that the Thunderbolts 
platform gave superior results for this type of sample. The mean 
targeted bases at 100X coverage for the PE supernatant and 
plasma LP003 were significantly higher (99.9%) than for the 
TruSeq platform (93% and 73%). There were also significantly 
less off-target coverage for the PE supernatant and plasma (0.8 
and 0.98%) compared to the TruSeq platform (9.3 and 3.2%).
These results are very promising and application of NGS tech-
nology could extend plasma genotyping from such techniques as 
ARMS,27 allele-specific PCR, COLD-PCR, and emulsion PCR 
to more comprehensive analysis.8,28 

Pipeline Performance 

 Physician-friendly bioinformatics tools are crucial for 
successful implementation of personalized therapy selection 
guided by NGS. The NGS bioinformatics pipeline that we de-
veloped and implemented within a Galaxy framework, is easy 
to use and allows for consistent analyses for multiple samples 
with traceable workflows. Because the pipeline was built from 
open-sources tools, it is cost effective and can be adapted to dif-
ferent conditions (e.g. raw sequence files from two different se-
quencing platforms). In our opinion, this is a viable alternative 
to costly commercial tools.

Cost and Workflow Considerations

 Comparisons of the workflows and data obtained from 
the four panels are summarized in Figure 6 and Table 1. In our 
hands, the Raindance Thunderbolts and Ion AmpliSeq assays 
were the most cost-effective, with per sample costs of approx-
imately of $130 per sample based on libraries of 24 samples. 
Reducing the amount of reagents used with the Ion AmpliSeq 
assay had no adverse effects on sequence output, indicating that 
significant per sample cost reduction could be achieved with 
this platform. The EZSeq assay was the most expensive but re-

Variable ThunderBolts TruSeq

PE Supa Plasma PE Supa Plasma

Metrics

  mean target coverage 6380X 4251X 2215X 240X

  %target bases 100X 99.95 99.99 93.08 73.43

  %off target 0.80 0.98 9.3 3.2

  %errors 0.49 0.47 0.34 0.46

  %indels 0.02 0.02 0.02 0.03

  %chimeras 0.03 0.05 1.11 0.56

acfDNA prepared from pleural effusion supernatant
Table 3: Sequencing metrics calculated for cfDNA from pleural effusion supernatant and 
plasma run on all Thunderbolts and TruSeq platforms.

Figure 3: Schematic showing Raindance Thunderbolts result for the double KRAS muta-
tion in sample LT11 (highlighted).Position 34 has a c.G34T mutation and position 34 has a 
c.G35Cmutation. VarSeq visualisation includes RefSeq, Thunderbolts panel BED file, COS-
MIC mutations, dbSNPs, VCF file and sequence pileups for Sample 11 tumor (LT11) and 
matched normal (LN11) samples.
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Figure 4: Schematics showing results from all four platforms for the KRAS c.38G>A mutation in sample LT14. The C/T variant corresponding to the complement of KRAS 
c.38G>A is highlighted. VarSeq visualisation includes RefSeq, VCF files, and corresponding sequence pileups for Sample 11 tumor (LT14) and matched normal (LN14) 
samples. A: Ion AmpliSeq; B: EZ, Roche EZSeq; C: Illumina TruSeq; D: Raindance Thunderbolts.
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Figure 5: Comparison of mutation detection in cell line controls (Supp Table 2) between four platforms. (A) Complete control 
containing cocktail of DNA from nine cell lines. (B) Partial control containing DNA from five of the cell lines in the complete 
control. TB: Raindance Thunderbolts; EZ: Roche EZSeq; IT: Ion AmpliSeq; TS: Illumina TruSeq. 

sulted in almost ten times the target coverage. The Raindance 
Thunderbolts assay was the most time-efficient, provided the 
best depth of coverage, and excellent concordance with the cell 
line controls and the clinical lab mutation analysis. Use of the 
picolitre-sized droplets in the Raindance technology reduced 
the number of chimeric amplicons and greatly facilitated library 
construction, which was basically restricted to two PCR steps 
with concomitant cleanup steps. This technology would allow 
the short turnaround time required for clinical decision-making. 
Although the sequencing metrics for all of the platforms were 
quite similar, the Ion AmpliSeq data failed to pick up the EGFR 
exon19 deletion in one sample and gave a high percentage of 
indels, particularly in homopolymer stretches, making it a less 
attractive option. 

CONCLUSION 

 In conclusion, we have assessed four different plat-
forms for NGS of cancer FFPE and liquid biopsies and are now 
preparing for implementation and validation in the clinical di-
agnostics lab according to CAP recommendations.29 In addition, 
studies to determine concordance between mutation detection 

from a larger number of solid tumor biopsies and corresponding 
cfDNA samples will be performed to more thoroughly assess the 
value of NGS with liquid biopsies.
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Figure 6: Comparison of four NextGen sequencing workflows.
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ABSTRACT

 Group A Streptococcus (GAS) can cause invasive infections, such as pneumonia. It 
is rarely associated with a rapidly progressing exudative pleural effusion termed “explosive 
pleurisy”, leading to significant morbidity and mortality. A 27-year-old healthy man devel-
oped sore throat 1 week prior to admission and then progressively developed fever, chills and 
shortness of breath. Upon presentation, his vitals were remarkable for an oral temperature of 
102.4 F, blood pressure of 89/64, heart rate of 124, respiratory rate of 40 and a pulse oximeter 
reading of 84%. Examination revealed pharyngeal erythema and exudates, and decreased 
right chest expansion with diminished breath sounds and dullness to percussion on the right. 
Labs revealed leukocytosis of 13,000/mcl White Blood Cells (WBC) (Normal 3,500-10,500 
cells/mcl). Chest radiographs showed early pneumonia with a small pleural effusion. A CT 
scan of the chest was performed 4 hours later, revealing the presence of right middle and 
lower lobe pneumonia and a moderate-sized pleural effusion. A chest tube was placed and 
drained serosanguinous fluid. Cultures of the pleural fluid grew GAS. The patient was treated 
with intravenous Penicillin G and Clindamycin. The patient continued to deteriorate, despite 
antibiotics and the empyema worsened despite presence of a chest tube. Video Assisted Tho-
racoscopic Surgery (VATS) with decortication and drainage was performed with significant 
improvement of the patient’s condition. GAS pneumonia can progress rapidly with develop-
ment of complicated parapneumonic effusions and empyema, the so-called ‘explosive pleu-
risy’. Early surgical intervention may result in quicker symptom resolution and may minimize 
morbidity.

KEYWORDS: Explosive pleurisy; Complicated pleural effusion; Empyema; GAS.

ABBREVIATIONS: GAS: Group A Streptococcus; WBC: White Blood Cells; VATS: Video 
Assisted Thoracoscopic Surgery; ED: Emergency Department; BUN: Blood Urea Nitrogen; 
CXR: Chest X-Ray; MICU: Medical Intensive Care Unit; TSS: Toxic Shock Syndrome.

INTRODUCTION

 GAS can cause a wide spectrum of disease ranging from non-invasive infections like 
pharyngitis and cellulitis, to invasive infections like bacteremia, streptococcal toxic shock 
syndrome, necrotizing fasciitis and pneumonia. Pneumonia related to GAS is known to be 
associated with a high rate of occurrence of pleural effusion and empyema, contributing to 
significant morbidity and mortality that may reach up to 50%, especially in the settings of 
streptococcal toxic shock syndrome.1-3 Pneumonia related to GAS is rarely associated with a 
rapidly progressing pleural effusion termed “explosive pleurisy” that is usually a complicated 
exudative parapneumonic effusion that is considered a medical emergency requiring immedi-
ate intervention.
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B

CASE PRESENTATION

 We report a case of explosive pleurisy that was suc-
cessfully identified and treated with decortication and drainage 
through VATS. A 27-year-old male school teacher who has been 
healthy with no significant past medical or surgical history pre-
sented to the hospital 7 days after the development of what was 
felt to be a simple cold. The patient reported developing sore 
throat and nasal congestion 2 days after coming back from vaca-
tion. His symptoms improved over the next few days but he then 
developed fever and chills, which were associated with short-
ness of breath and productive cough. The shortness of breath 
progressed rapidly and his primary physician diagnosed him 
with pneumonia and concomitant reactive airway disease. He 
was started on amoxicillin-clavulanic acid, prednisone and an 
albuterol inhaler, to be used as needed. His shortness of breath 
continued to worsen over the next 24 hours and was then associ-
ated with upper abdominal pain, nausea, vomiting and diarrhea. 
He then presented to the Emergency Department (ED) 7 days 
after developing his initial symptoms. He was unaware of any 
sick contacts prior to the development of his symptoms. He had 
a brief history of smoking as a teen but quit more than 10 years 
prior to this presentation, and he denied any alcohol or illicit 
drug abuse. 

 In the ED, the patient appeared to be in distress, with 
his vitals remarkable for a temperature of 102.4 F, blood pres-
sure of 89/64 mmHg, heart rate of 124, respiratory rate of 40 
and an oxygen saturation of 84% on ambient air by pulse oxim-
etry. His exam revealed mottled skin with cold extremities, and 
dry mucous membranes with pharyngeal erythema with some 
exudate. His chest exam was remarkable for decreased chest ex-
pansion on the right along with diminished breath sounds and 
dullness to percussion of the right lung field. His abdomen was 
mildly tender along the right upper quadrant with deep palpa-
tion. His blood work showed a leukocytosis with 13,000/mcl 
WBC (normal 3,500-10,500 cells/mcl) with a left shift with 
5,500/mcl bands (normal <1,200 cell/mcl). His lactic acid was 
12 mmol/L (normal 0.5-2.2 mmol/L), and his basic metabolic 
panel was concerning for acute renal failure with a creatinine 
of 7.7 mg/dL (normal 0.8-1.4 mg/dL) and a Blood Urea Nitro-
gen (BUN) of 54 mg/dL (normal 7-20 mg/dL). His Chest X-Ray 
(CXR) in the ED demonstrated a mild hazy opacity within the 
right hemi-thorax, consistent with early pneumonia with an as-
sociated small pleural effusion (Figure 1). 

 The working diagnosis at that point was considered to 
be sepsis related to pneumonia or to an unidentified infectious 
fluid with the possibility of an intra-abdominal infectious source 
and it was felt that the patient would need further imaging with 
a computed tomography of the chest and abdomen which was 
performed 4 hours after the initial presentation. This imaging 
revealed no evidence of intra-abdominal source, but a dense 
consolidation of the right upper and lower lobes and a patchy 
consolidation of the right middle lobe of the lungs were identi-

fied, suggestive of extensive right sided pneumonia, along with 
a moderate-sized right pleural effusion (Figure 2). 

 

 In the ED, the patient received fluid resuscitation with 
normal saline along with broad-spectrum antibiotic coverage 
with vancomycin, and piperacillin/tazobactam. He was then ad-
mitted to the Medical Intensive Care Unit (MICU) for further 
management of sepsis secondary to pneumonia. In the MICU, 
the patient was found to have increased work of breathing with a 
respiratory rate in the 40s despite being on a 100% oxygen non-
rebreather mask. Given the rapid progression of parapneumonic 
effusion on serial imaging and the clinical deterioration, a deci-
sion was made to place a bedside chest tube to drain the effusion 
that was felt to be contributing to the respiratory distress. The 
procedure yielded 600 ml of serosanguinous pleural fluid. On 
the second day of hospitalization, the patient was feeling slightly 
better but started to develop a non-pruritic, whole-body, diffuse 

Figure 1: Chest X-Ray on admission day demonstrating a mild right-sided pleu-
ral effusion.

Figure 2: CT scan of the chest on admission day demonstrating bilateral lung 
infiltrates and moderate right-sided pleural effusion.
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erythematous rash sparing the palms, soles and mucous mem-
branes. His vitals were remarkable for a temperature of 98.5 F, 
blood pressure of 140/80 mmHg, heart rate of 107, respiratory 
rate of 36 with oxygen saturation of 95% on 2 L/min of oxy-
gen via nasal cannula. Chest auscultation revealed coarse breath 
sounds along the right side of the chest with diminished sounds 
along the right lung base. His labs continued to show leukocy-
tosis but his lactic acid was now improved at 2 mmol/L (normal 
0.5-2.2 mmol/L). A gram stain of the pleural fluid showed gram-
positive cocciin chains and the preliminary fluid culture demon-
strated beta hemolytic streptococci. The working diagnosis was 
invasive GAS infection in the settings of a recent pharyngitis. 
His clinical picture was also consistent with streptococcal Toxic 
Shock Syndrome (TSS) in the setting of hypotension on admis-
sion, the acute renal failure and the diffuse erythematous “sun-
burn-like” rash that developed and hence his antibiotics were 
modified to include vancomycin, ceftriaxone and clindamycin 
for streptococcal toxin control. The patient was also started on 
hemodialysis due to worsening renal function with a Cr of 8.9 
mg/dL (normal 0.8-1.4 mg/dL). 

 The patient’s diagnosis was confirmed within the next 
2 days of hospitalization as his pleural culture results were fi-
nalized as positive for streptococcus pyogenes (GAS) and the 
antibiotic regimen was further modified to include intravenous 
penicillin G, 2 million units every 4 hours, along with continu-
ing the clindamycin for his TSS. Follow up CT scan of the chest 
2 days after admission demonstrated significant improvement 
compared to the admission CT, consistent with the improvement 
in his symptoms (Figure 3).

 

 Unfortunately, despite the initial clinical improvement, 
over the next 2 days, the patient developed progressive wors-
ening shortness of breath and persistent high grade fevers. On 
chest exam he was found to have decreased air entry and in-
creased crackles on the right. Labs showed a increasing leukocy-
tosis with a white blood cell count of 36,000/mcl (normal 3,500-

10,500 cells/mcl). A repeat CXR showed worsening pleural 
effusion. The chest tube, despite what appeared to be appropriate 
positioning, drained minimal pleural fluid. A repeat CT scan of 
the chest was performed 6 days after admission which showed 
significant progressive worsening of the right-sided pleural effu-
sion (Figure 4) and a decision was made then to treat the para-
pneumonic effusion surgically with decortication and drainage 
through VATS. The pleural peel biopsy from the surgery showed 
Gram-positive cocci consistent with the diagnosis of invasive 
GAS infection. 

 

 The patient continued to show progressive clinical im-
provement in the post-operative period although he required on-
going hemodialysis. The patient received the full course of his 
antibiotic therapy in the hospital and was then discharged home 
after 18 days of hospitalization, 12 days post-surgical decortica-
tion (Figure 5). 

Figure 3: Follow-up CT scan of the chest 2 days after admission showing 
improvement of the right-sided pleural effusion with chest tube in-place.

Figure 4: CT scan of the chest 6 days after admission showing significant 
worsening of the right-sided pleural effusion while having the chest tube 
in-place.

Figure 5: CT scan of the chest on discharge day showing significant im-
provement of the effusion status post VATS.
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DISCUSSION

 Invasive GAS continues to be continues to be associ-
ated with considerable morbidity and a mortality rate of upto 50 
%.1,2 Invasive GAS infections can cause pneumonia and com-
plicated parapneumonic effusions (empyema) requiring chest 
tube drainage or surgical decortication along with the appropri-
ate antibiotic therapy to ensure successful outcome.3 Explosive 
pleurisy has been reported in cases of GAS pneumonia. Explo-
sive pleurisy was first described by Braman and Donat in 1986 
when they reported two cases of rapidly progressive pleural 
effusions attributed to GAS.4 Both of the cases reported were 
young healthy individuals, with no identifiable risk factors for 
severe GAS infection, who presented to the hospital with symp-
toms similar to our patient, notably fever, shortness of breath 
and pleuritic chest pain, preceded by pharyngitis. Both patients 
had rapidly progressive pleural effusion within hours of admis-
sion to the hospital, and both were initially started on antibiot-
ics but eventually required chest tube drainage. Later in 2001, 
Johnson and then Sharma reported 2 more cases of explosive 
pleurisy that required thoracotomy for surgical drainage as chest 
tube drainage was insufficient for cure.5,6

 An interesting feature associated with the above refer-
enced cases with invasive GAS infections is the lack of identifi-
able risk factors for severe GAS infection as most of the reported 
cases have been in young and otherwise healthy individuals,7 

which is similar to our presented case. The lack of significant 
comorbidities in our patient likely resulted in delaying the diag-
nosis of invasive GAS. Once the diagnosis has been established, 
aggressive supportive care and management is required in the 
setting of a multi-disciplinary approach. 

 The management of complicated parapneumonic effu-
sions and explosive pleurisy includes the prompt initiation of an-
tibiotics with GAS coverage including agents such as penicillin, 
plus the use of clindamycin for toxin control.8 Early thoracente-
sis should be considered for diagnostic and therapeutic purposes. 
Gram stain and pleural fluid cultures often assist with rapid diag-
nosis and antibiotic choice.9 The initial tap should be followed 
by prompt drainage with a chest tube if purulent or turbid fluid 
is aspirated, the pleural fluid has a positive gram stain or culture, 
a pleural fluid pH of less than 7.2 or an effusion that is rap-
idly progressive requiring drainage for symptomatic relief.10,11 

Our patient was treated appropriately with chest tube placement 
for his rapidly progressive effusion, but his symptoms continued 
to worsen despite a brief period of initial improvement. Further 
deterioration of symptoms despite chest tube drainage is an in-
dication for surgical drainage through thoracotomy or VATS for 
decortication and drainage, which was eventually done with our 
patient resulting in complete resolution. 

CONCLUSION

 It is important to maintain a high index of clinical sus-
picion for invasive GAS infections in young, otherwise healthy 

patients. Review of the previously reported cases of GAS in-
duced-explosive pleurisy have shown that aggressive manage-
ment with chest tube drainage and surgical decortication is often 
needed in addition to antibiotics. The timing of surgery should 
be based on clinical progression. VATS has demonstrated better 
outcomes and a higher rate of success compared to antibiotics 
alone in the management of early parapneumonic effusions.12 
Close clinical monitoring, with consideration for early VATS in 
the setting of explosive pleurisy and parapneumonic effusions is 
likely to be associated with reduced morbidity and a more rapid 
resolution of illness.
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ABSTRACT

Background: Patients with Cystic Fibrosis (CF) have a complex treatment regimen which pos-
es emotional, social and economic burden. Adherence to treatment may be influenced by the 
patient’s own beliefs about the disease, which may be influenced by his religious/cultural back-
ground. The Israeli population consists of a majority of Jews. The Arabs, which are a minority, 
have different socioeconomic status, cultural beliefs and values. 
Objectives: To examine the cultural differences in illness perception and treatment adherence 
between Jewish and Arab CF patients, and the possible association between them.
Methods: A cross-sectional, single Israeli CF center pilot study. Each patient completed the Ill-
ness perception-revised questionnaire (IPQ-R) and CF My Way questionnaire to assess adher-
ence to therapy. Illness severity was scored using CF-ABLE score. The correlations between 
religious/cultural background (Jews/Arabs), illness perception and adherence to treatment were 
examined.
Results: Ten Jews and 23 Arabs (Muslims, Christians or Druze).Their median age was 21(13-
49) years. The illness perception questionnaire revealed differences between the two groups. 
Arabs considered their disease as more cyclical and less predictable (cyclical score 12.6 vs. 8.8, 
p=0.002). Only severe Arab patients assumed that treatment can affect their disease (p=0.049). 
In both groups, there was a correlation between consequences score and adherence to inhaled 
antibiotics and between timeline score and adherence to mucolytics. Adherence to physiother-
apy was lower than recommended (p=0.02 Jews, 0.003 Arabs) and there were numerous mis-
conceptions about the causes of the disease.
Conclusions: Arabs related to CF course as less predictable. Those who understood their dis-
ease tended to have better adherence. Patients largely misunderstand the cause of CF and tend 
to perform less physiotherapy than recommended. Further studies are needed to assess cultural 
differences and adherence interventions should be culture-sensitive.

KEYWORDS: Cystic-fibrosis; Illness perception; Adherence; Religious/cultural backgrounds; 
Arab minority.

ABBREVIATIONS: CF: Cystic Fibrosis; IPQ-R: Illness perception-revised questionnaire; BMI: 
Body Mass Index; FEV1: Expiratory Volume in the 1st second; HbA1C: Glycated hemoglobin. 

INTRODUCTION

 Cystic fibrosis (CF) is the most common inherited life-shortening disease among 
White populations. It affects multiple organ systems, primarily the lungs and pancreas, and 
results in premature death due to respiratory failure.1 There has been a dramatic increase in 
the life expectancy of CF patients over the last decade, and median survival increased from 
31.3 years in 2002 to 41.1 years in 2013.2 This increase has been largely attributed to better CF 
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care, involving multiple regimens and treatment in designated 
CF centers. However, the treatment is complex and usually takes 
several hours a day. It involves several oral and nebulized medi-
cations, nutritional support and airway clearance therapy.3 

 Poor adherence to the treatment regimen may lead to 
increased morbidity and mortality, reduced quality of life and 
higher health care costs.4 Rates of adherence for chest physio-
therapy have been estimated to be 40-47%, and much lower for 
dietary recommendations (16-20%).5 

 Adherence to the treatment regimen may be influenced 
by knowledge about the disease and the therapeutic regimen, 
by patient-provider communication and by regimen character-
istics.5 It may also be influenced by the patient’s socioeconomic 
background, culture, religious beliefs and his own beliefs, which 
encompass illness perception.6,7 In 1984, Leventhal, et al. pre-
sented the self-regulatory model of health and illness; according 
to this model, patients construct their own representations, thus 
helping them with their coping responses.8 Based on this model, 
an illness perception questionnaire was developed.

 In Israel, there are significant differences between Jews 
and Arabs in terms of socioeconomic status, sanitary conditions, 
educational level and the attitude toward child healthcare. The 
Arab population (Muslims, Christians and Druze) is a minor-
ity, consisting of 25% of the general population. Most reside in 
special villages or are segregated in special neighbourhoods in 
the city. They are surrounded by extended families and carry a 
high burden of care for the sick, disabled and elderly. The lower 
socioeconomic status is strongly associated with poorer health. 
Moreover, high rates of consanguineous marriages and the re-
fusal to perform prenatal diagnosis contribute to a higher rate of 
genetic diseases in the Arab population.9 

 The CF center at Ruth Rappaport Children’s Hospital 
takes care of 80 patients, 60% of whom are Israeli Arabs. Their 
different cultural and religious background may influence their 
knowledge about CF, the strength of familial support, the sense 
of control and the confidence with the medical system, hence 
influencing their illness perception. Studies have emphasized the 
need for ‘cultural suiting’ of medical services when dealing with 
patients from different cultures.10,11 

 The aim of our study was to examine the cultural differ-
ences in illness perception and/or treatment adherence, and the 
possible associations between them.

METHODS

Participants

 This was a cross-sectional, single center pilot study. CF 
patients aged >12 years were recruited during a routine clinic 
visit. The study was approved by the institutional review board. 
Patients or their legal guardian received an explanation and 

signed an informed consent. Demographic data was recorded. 
The patients were considered as Jews or Arabs (Muslims, Chris-
tians or Druze).

Procedures

 Clinical characteristics, such as illness duration, Body 
Mass Index (BMI) and Forced Expiratory Volume in the 1st sec-
ond (FEV1), were collected from the patients’ files. Illness se-
verity was calculated using the validated CF-ABLE score. This 
score assesses severity and predicts outcome in CF patients.12 

 Each patient was interviewed by a psychologist in his 
own native language and completed illness perception question-
naire (based on Leventhal’s model). The revised questionnaire 
(IPQ-R) contains 70 items;8 the illness perception (belief about 
illness) incorporates the following nine components: identity 
(the nature of the disease), time-line (acute/chronic), conse-
quences (the effect of the disease on the patient’s life), personal 
control (how much the patient controls the disease), treatment 
control (how much the treatment affects the disease), illness co-
herence (how much the patient understands his disease), time-
line cyclical (how much the disease is predictable and stable), 
emotional representations (the emotional effect of the disease), 
causes (what the patient believes causes his disease).

 With the exception of the identity subscale, responses 
are rated on a 5-point scale, ranging from 1 (strongly disagree) 
to 5 (strongly agree). The identity scale consists of 12 commonly 
experienced symptoms on a nominal scale (yes/no). The patients 
are asked if they experience each symptom and if they believe it 
is related to their illness. After reverse scoring appropriate items, 
a score for each subscale is obtained.8,13

 Evaluation of adherence to the prescribed treatment 
regimen was performed using a self-report questionnaire, taken 
from the CF My Way program. The patient’s self-report of type 
and frequency of medication use was compared to the physi-
cian’s orders on the previous visit.

STATISTICAL ANALYSIS

 Statistical analysis was performed using SPSS-18.
Spearman’s rho correlation was used to determine the relation-
ship between each of the nine statements and adherence to treat-
ment and between illness perception and illness severity score. 
Marginal Homogeneity Test was used to compare self-reported 
treatment with the doctor’s orders. P<0.05 was considered as 
statistically significant.

RESULTS

Participants

 Of 80 CF patients, 55 were older than 12 years of age; 
35 Arabs (17 males) and 20 Jews (15 males). Thirty-three pa-
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tients, 10 Jews and 23 Arabs, agreed to participate in the study. 
Their demographic characteristics are presented in Table 1, and 
reflect the demographic distribution in our clinic. There was no 
significant difference in age, illness duration, BMI, FEV1 and 
illness severity between the groups. The group of Jewish pa-
tients compromised of mainly males (9/10), with marginal sta-
tistical difference (p=0.05).

Illness Perception

  In the identity scale, weight loss, fatigue and upset 
stomach were the most frequent symptoms endorsed by the 
patients (85%, 76% and 73%, respectively – data not shown), 
whereas breathlessness and weight loss were most frequently 
attributed to CF (87% and 77%, respectively). The scorings of 
seven out of nine illness perception subscales are presented in 
Table 2. There was a significant difference in the time-line cycli-
cal score (8.8±2.8 vs. 12.6±3.1 for Jews and Arabs, respectively; 
p=0.002). The time-line score was higher in Jews, approaching 
statistical significance (26.5±5.8 for Jews and 22.4±5 for Arabs; 
p=0.055). When analyzing the correlation between the illness 
perception and the illness severity score, there was a significant 
correlation between treatment control and illness severity scores 
(r=0.41, p=0.049) in the group of the Arabs. No correlations 
were found in the group of Jews or for the other illness percep-
tion subscales. The results of the cause scale are presented in 

Figure 1. The patients endorsed most strongly “hereditary – it 
runs in my family” as a cause for their disease, with “alcohol” 
and “accident or injury” being the least favored attribution. “Pol-
lution” and “germ or viruses” were also commonly endorsed. 
There was a significant difference between Jews and Arabs re-
garding the causes “overwork”, “my mental attitude” and “ag-
ing”, being less endorsed by the Jews.

Treatment Adherence 

 The results of the patient’s self-report, the physician’s 
recommendations and the comparison between them are shown 
in Table 3. Chest physiotherapy and inhaled antibiotics were 
performed significantly less than recommended (p<0.001 and 
p=0.036, respectively). However, there was full concordance 
between patient’s reports and doctor’s recommendations regard-
ing creon (p=1). Only five patients injected insulin with full con-

Jews (N=10) Non-Jews (N=23) P value

Age 23.1±9.8 23.6±9.1 0.82

Gender (% male) 9(90) 11(48) 0.05

Illness duration  (years) 18.9±8.5 17.3±6.2 0.95

BMI (kg/m2) 20.0±3.2 22.7±4.2 0.07

FEV1 (% predicted) 70.6±28.6 62.5±21.5 0.38

Illness severitya 2.0±1.7 2.7±2.5 0.66

Values are presented as mean±SD.
aIllness severity presented as CF-ABLE score

Table 1: Demographic characteristic of patients.

Figure 1: Causes of the disease – mean of answers of Jews, non-Jews and total group are presented

*statistical difference between Jews and non-Jews.

Table 2: Illness perception subscales scores. Identity scale not presented; causes scale 
presented in Figure 1.

Scale Jews Non-Jews P value

Time-line
26.5±5.9

28.5(11-30)

22.5±5.1

23(10-30)
0.055

Consequences
16±2.7

15(13-21)

17.7±2.5

17(14-23)
0.085

Personal control
15.8±3.5

15(11-21)

17.1±3

16(11-26)
0.27

Treatment control
18.7±5.4

20(5-24)

20.3±2.9

20(13-25)
0.29

Illness coherence
20.2±4.9

22.5(13-25)

20.2±4.1

21(11-25)
0.98

Timeline cyclical
8.8±2.9

9.5(4-13)

12.7±3.2

13(5-20)
0.002a

Emotional represen-
tation

14.7±9.1

11.5(6-28)

16.9±6.5

16(6-30)
0.44

Values are presented as mean±SD and median (range).
astatistical significance.
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cordance with the doctor’s order (p=1; data not shown). When 
analyzing Jews and Arabs separately, the difference regarding 
physiotherapy remained significant (p=0.02 for Jews, 0.003 for 
Arabs), whereas the difference regarding inhaled antibiotics be-
came non-significant.

Illness Perception and Treatment Adherence

  A correlation analysis was used to determine the rela-
tionship between each of the nine illness perception subscales 
and adherence with treatment for the whole group (33 patients). 
A difference between the physician’s recommendation and the 
reported treatment was defined as low adherence, while identical 
recommendations and reported treatment was defined as good 
adherence. There was a statistical difference between time-line 
score and good adherence for hypertonic saline (p=0.039), and 
between illness coherence score and adherence with bronchodi-
lator use (p=0.037). The correlation between consequences score 
and use of inhaled antibiotics approached statistical significance 
(p=0.054). There were no significant correlations between the 
other subscales and adherence.

DISCUSSION

 In this study, we evaluated the differences in illness 
perception, treatment adherence and the association between 
them in Jewish and Arab CF patients treated in our center. The 
diversity of our population (reflecting the diversity of the Israeli 
population) enabled us to examine patients treated by the same 
doctors. Patients were divided into two groups, Jews and Arabs, 
with similar demographic variables but different religious and 

cultural backgrounds.

 Previous studies supported the relationship between the 
components of illness representation described by Leventhal and 
a range of psychological outcomes, including coping, functional 
adaptation and adherence to treatment.8 Addressing illness per-
ception early on with patients may provide an opportunity to 
improve the concordance between doctor and patient beliefs, to 
decrease the patient’s anxiety and to improve his understanding 
of the information provided.14 

 The analysis of the illness perception scores highlight-
ed several points. In the illness identity analysis, most patients 
had gastrointestinal symptoms, but did not attribute them to CF; 
while respiratory symptoms and weight loss were attributed to 
CF. Since CF centers around the world are a part of Pulmonary 
Services, the respiratory aspects of the disease may be more em-
phasized.

 Two illness perception scales showed differences be-
tween Jews and Arabs. The time-line score was higher in Jews, 
whereas the timeline-cyclical score was higher in Arabs. Thus, 
the Jewish patients considered their disease as prolonged and 
chronic, while the Arabic patients viewed the disease as more 
fluctuant and less predictable. When correlating illness percep-
tion with illness severity (based on CF-ABLE score), the only 
significant correlation was between illness severity and treatment 
control in the Arab patients. This finding may have implications 
when addressing adherence issues in these patients. Although 
Arab patients considered their CF as cyclic and non-predictable, 
in severe disease they tended to believe that treatment can con-
trol their disease. This may be explained by the immediate relief 
brought by intensive treatment. We are not aware of previous 
studies comparing illness severity and illness perception in dif-
ferent cultural backgrounds.

 When analyzing the cause subscale, there were mis-
conceptions about the causes of CF, with significant differences 
between the groups. Although it is a genetic disease, only about 
half the patients endorsed “hereditary” as a cause. All families 
received repeated explanations regarding the hereditary nature 
of the disease; this misunderstanding probably reflects the ten-
dency of some families to withhold this information from their 
children.

 Air-pollution and germ or viruses were endorsed as im-
portant causes. Viral or bacterial agents are the main cause for 
pulmonary exacerbations in CF patients. This suggests misinter-
preting the question as a cause of exacerbations and not a cause 
of disease and may support the concept of the cyclical nature of 
the disease by some patients. In three causal domains, there was 
a significant difference between Jews and Arabs. Arabs felt that 
overwork, mental attitude and aging are causes for CF exacerba-
tions. Baron-Epel, et al.15 analyzed the pattern of utilization of 
health services among Jews and Arabs in Israel. There was a dif-
ferent pattern, with Arabs using less specialist care, more family 

Table 3: Treatment adherence – patients’ self-reports and physician’s recommendations.

P valuePhysician’s  
recommendation

Patient’s 
reportType of treatment

<0.001a4.5±0.8
4(3-6)

3.2±1.5
4(1-6)

Physiotherapy
N=31

0.59
3.4±1.9
4(1-6)

3.1±2.2
1(1-6)

Bronchodilators
N=25

0.27
3.07±2
4(1-6)

2.6±2
1(1-6)

Hypertonic saline
N=27

0.18
4±.000
4(4-4)

3.7±1.1
4(1-6)

Pulmozyme
N=32

0.29
3.9±1.8
5(1-5)

3.6±1.8
5(1-6)

ICSb

N=29

1.00
3.1±3
6(1-6)

3.1±3
6(1-6)

Pancreatic enzymes
N=25

0.06
3±1.4
4(1-5)

3.5±1.5
4(1-6)

Vitamins
N=29

0.5
2.4±1.1
3(1-6)

2.3±1.5
2(1-6)

Oral antibiotics
N=25

0.036a3.6±1.9
5(1-5)

3±1.9
4(1-5)

Inhaled antibiotics
N=26

0.79
3.1±0.3
3(3-4)

3±1.6
4(1-6)

Physical activity
N=27

Values are presented as mean±SD and median (range).
astatistical significance
bICS=inhaled corticosteroids
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physician care and higher rates of hospitalizations. The differ-
ences were attributed to their rural way of life, and to differences 
in culture, norms and behaviour. Despite more negative health 
outcomes in the Arab population, they perceived their health as 
better and reported less chronic diseases.15 Quittner, et al. found 
that racial or ethnic minority was related to worse social and 
emotional functioning and more severe consequences of the dis-
ease.16 

 The analysis of self-reported treatment and comparison 
with the physician’s prescription yielded several findings. We 
found significant low adherence to chest physiotherapy and in-
haled antibiotics, as opposed to perfect adherence to pancreatic 
enzymes (similar in both groups). The immediate clinical effect 
of poor adherence to pancreatic enzymes and the relative easi-
ness and short time of the procedure may explain this difference.

 There is evidence of low adherence to long-term pre-
ventive treatments in other chronic diseases.6 In CF, adherence 
varied by treatment component and measurement method, but 
overall rates of adherence were below 50%.17 DeLambo, et al. 
found that a more positive family relationship was associated 
with better adherence to airway clearance and aerolized medi-
cations, but not to other treatment regimens.18 Recently, Gros-
soehme et al. found that certain forms of parental spiritual/re-
ligious beliefs and coping styles, are associated with treatment 
adherence.19 

 When analyzing correlations between illness percep-
tion and treatment adherence, there was a correlation between 
some aspects of illness perception and inhaled therapies. Those 
who understood the disease better (higher illness coherence), 
those who believed the disease was chronic (higher time-line), 
and those who felt the disease has a substantial effect on their 
lives (higher consequences) had better adherence for certain as-
pects of inhaled therapies. Illness coherence represents how the 
illness “makes sense” to the patient, and may play an important 
role in long-term adjustments and response to symptoms.8 

 In other chronic diseases, there is evidence that per-
ceived illness severity predicts adherence to treatment. Reasons 
for non-adherence were busy schedule, forgetfulness, but also 
“my disease is not so serious” and “I feel well without treat-
ment”.6 

 Several studies examined the correlations between ill-
ness perception or severity and adherence in CF patients. High 
perceived severity may lead to avoidance or denial6 in some pa-
tients, but to increased adherence in others.18 Bucks et al. found 
that time-line and treatment control scores correlated with ad-
herence to antibiotics.1 

 Interventions to improve adherence have been largely 
studied. A Cochrane analysis found that CF pediatric patients 
who received nutritional intervention plus behavioral manage-
ment training consumed more calories per day than children 

just receiving the nutritional intervention. They also found that 
a structured decision-making tool for adults considering lung 
transplantation improved their knowledge, assisted in setting 
realistic expectations, and reduced indecision.20 Moore, et al. 
examined an intervention program for CF patients and their 
clinicians. Educating clinicians about prescribing guidelines, 
providing feedback on adherence and monitoring prescribing 
patterns over time improved adherence. Mean FEV1 showed 
improvement after several months of sustained adherence and 
trended towards statistical significance.21 

 There are few interventions developed to change ill-
ness perceptions. One notable example is the trial of a psycho-
logical family-based intervention to change illness perceptions 
in patients with poorly controlled type 2 diabetes. The interven-
tion group showed a significant change in illness perceptions 
and improvement in Glycated hemoglobin (HbA1C).22 

 The main limitation of our study is the small number 
of patients, especially in the Jewish group. Treatment adher-
ence was self-reported and was not measured. There may be 
over reporting of self-administered medications compared with 
pill counting and blood or urine analysis.6,17 Another limitation 
is the gender difference; with 90% of Jewish group are males. 
This may also affect illness perception and treatment adherence. 
More patients and balanced gender should be considered. 

 In conclusion, illness perception may be affected by 
cultural background and in turn, may influence treatment ad-
herence.  Adherence interventions should be culture-sensitive; 
they should focus on providing education to improve knowledge 
and skills to conduct the therapy. Identifying illness perceptions 
may help solving barriers to adherence, and matching the type 
of therapy to the patients and their families. Further multi-center 
studies are needed, which may delineate the different cultural 
effects on illness perception and measured treatment adherence.
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 Lung cancer is one of the most prevalent life-threatening diseases and remains the 
leading cause of cancer-related death worldwide. Although surgical resection of the tumor is 
considered as one of the most effective treatments, most lung cancer patients present with 
locally advanced or metastatic disease at the time of the diagnosis and are not candidates for 
surgical treatment. For these patients palliative chemotherapy and radiation therapy, alone or 
in combination, become the main treatment of choice. The prognosis for lung cancer in general 
is poor and an overall 5-year survival rate for all stages of lung cancer, regardless of subtypes, 
is about 18%, which has not been significantly improved in the past several decades. For those 
in an advanced stage of the disease the prognosis is even worse. About half of all lung cancer 
patients have metastatic disease at the time of diagnosis with a 5-year survival rate of less than 
5%. There is no doubt that the conventional treatment of lung cancer would not significantly 
change the outcome for lung cancer patients. 

 In order to conquer the deadly disease, it is important to understand the pathogenesis 
of lung cancer that involves alteration and accumulation of molecular abnormalities over time. 
The abnormalities can occur in different levels including DNA sequence, gene transcripts, pro-
tein expression and cell signaling involved in cell proliferation, differentiation, apoptosis, and 
angiogenesis. These changes are related to alterations in normal genes due to gene mutations, 
gene silencing, and gene amplification or deletion. Most of cancers are likely to be caused by 
or related to these driving genes that function as oncogene and make cancer cell develop and 
grow. Characterization of the gene mutations in lung cancer would provide valuable informa-
tion for better understanding the clinical significance of the mutations and for developing ef-
fective targeted treatment. Recent development in understanding of molecular pathogenesis in 
lung cancer has led to new strategies for early detection, molecular profiling, and personalized 
targeted therapy, which provide additional options for lung cancer treatment in modern oncol-
ogy. Most of the driving genes identified in lung cancer patient such as KRAS, EFGR, ALK, 
BRAF, PIK3CA, ROS1, HER2, etc. are mainly in lung adenocarcinoma. These mutant genes 
are often mutually exclusive and identified collectively in about a half of the lung adenocar-
cinomas. Tyrosine kinase inhibitors to treat lung cancer patients with EGFR gene mutations 
and ALK gene rearrangement are already in clinical practice and targeting these genes would 
achieve a better clinical outcome. 

 Although achievements have been made in molecular based targeted therapy to treat 
subsets of lung cancer cases, our knowledge in the understanding of pathogenesis for lung 
cancer is still limited. The driving genes have not been identified in approximatelly half of 
lung adenocarcinomas and little is known in other subtypes of lung cancer such as squamous 
cell carcinoma, large cell carcinoma, and neuroendocrine carcinomas including small cell car-
cinoma, etc. It is important to search new driving genes in lung cancer as tumor markers in or-
der to further improve clinical outcome through molecular based targeted therapy. Analysis of 
various histologic types of lung cancer using high-throughput methods such as next generation 
sequcncing in cancer cell DNA sequence, gene transcription and protein expression levels has 
made it possible to identify new tumor biomarkers as potential targets to develop personalized 
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targeted therapy. Detailed analysis of lung cancer at the molecular level would provides the basis for a totally new direction of treat-
ment which would result in much higher response rates, longer progression free survival and improved quality of life. Therefore, 
molecular genotyping of lung cancer is critical and the treatment options in modern oncology have included tumor marker based 
targeted therapy in addition to conventional methods that may bring the new hope for lung cancer patients if more driving genes can 
be identified in lung cancer.


