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a b s t r a c t 

OligoG has previously shown potentiation of aztreonam against Burkholderia cepacia complex (Bcc)

through biofilm disruption. A randomized, double-blind, placebo-controlled cross-over design was used to

evaluate safety and efficacy of inhaled OligoG as a therapy for Bcc-infected CF patients taking aztreonam.

Subjects received OligoG (1050 mg daily) or matching placebo for 28-days. Of 14 subjects completing the

study, 8 showed a mean decrease in total bacterial CFU’s (0.82 log10) after OligoG treatment. There was

a reduction in mean Bcc CFU’s (2.19 log10) after OligoG treatment but this was not statistically signifi- 

cant. Rheology analysis showed improvements in phase-angle after OligoG, but there was no statistically

significant improvement in lung function parameters. Six out of 12 QoL summary scores showed relative

improvement after OligoG treatment compared to placebo. There was a favourable safety profile for Oli- 

goG. Potential for reducing Bcc warrants further investigation of OligoG for the treatment of infection in

CF.
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. Introduction

The Burkholderia cepacia complex (Bcc) comprises greater than 

0 species of bacteria [1] that are found in the natural envi- 

onment including, B. cenocepacia, B. multivorans, B. vietnamien- 

is, B. dolosa, and B. cepacia . This group are notorious drug resis- 

ant/insensitive opportunistic pathogens and a major cause of mor- 

idity and mortality in cystic fibrosis (CF) patients [2] . While infec- 

ion control policies and patient awareness [3–5] has highlighted 

he challenges and led to more effective clinical management mea- 

ures, infection with Bcc remains a significant clinical challenge in 

F [6,7] . Strict infection control measures, including segregation of 

nfected patients have become the standard although such mea- 

ures may have negative psychosocial effects among infected pa- 

ients [8] . Although these infection control measures have had ben- 

fit in reducing transmission, Bcc infection nevertheless remains a 

ignificant and life-threatening pathogen in CF patients inducing 

 rapid clinical decline. The Bcc species B. multivorans is now the 

ost common Burkholderia seen in CF [9] , and like all Bcc species 
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t has intrinsic antimicrobial resistance [10] and may be associ- 

ted with poor clinical outcome in certain individuals [11] . Overall, 

F patients with Bcc have a very limited range of therapeutic op- 

ions and can be subject to cohort segregation measures to inhibit 

ransmission, but which may also lead to reduced access to multi- 

isciplinary care. More recent studies also show that despite these 

egregation measures, new cases of unrelated B. cepacia complex 

nfections continue to occur, which supports an environmental ori- 

in of infection [9] . These infections are not only difficult to treat 

ue to inherent resistance of the bacteria to antibiotics but have 

lso been recognised as the cause of Cepacia syndrome which is a 

atal pneumonia accompanied with septicaemia [2] . 

OligoG is a new oligosaccharide drug in development to facil- 

tate mucus clearance and combat bacterial infections in CF. Re- 

ults from ex vivo and in vivo studies [12–14] indicate that OligoG 

s able to restore the mucus phenotype in terms of consistency and 

iscosity, enabling improved mucociliary function and mucus clear- 

nce. Although these parameters did not show a statistically signif- 

cant improvement in the intention-to-treat (ITT) population in a 

ecent phase 2b study (EudraCT No.: 2014-0 0 0844-13; [15] ), there 

as improvement in viscosity, elasticity and phase angle in expec- 

orated sputum in a modified ITT population at 14 days of treat- 
aluating the alginate oligosaccharide (OligoG) as a therapy for 

ystic Fibrosis, https://doi.org/10.1016/j.jcf.2022.01.003 

https://doi.org/10.1016/j.jcf.2022.01.003
mailto:phil.rye@algipharma.com
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Fig. 1. Cross over trial design and visit schedule.
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3

r

ent and in younger patients ( < 25 years) at the end of treatment 

28 days), which supports what has previously been reported for 

he mechanism of action of OligoG [16–18] . In addition to these 

ucoactive properties, in vitro and in vivo studies have shown 

hat OligoG is able to potentiate antibiotics against a wide range 

f multidrug-resistant bacteria [19] , likely through biofilm disrup- 

ion of key respiratory pathogens [18,20–24] . OligoG has also been 

hown to reduce virulence factors and bacterial communication in 

iofilm development [20,25,26] . OligoG also showed notable poten- 

iating effects on aztreonam [19,21] . The combined mucoactive and 

ntimicrobial properties support the rationale to explore the po- 

ential for OligoG treatment as a therapy for Burkholderia cepacia 

omplex CF lung infection. 

. Methods

OligoG was administered for 28 days as dry powder for inhala- 

ion (DPI). The study was performed at 2 centres in Germany be- 

ween 18 Feb 2015 (First Patient First Visit) and 10 May 2016 (Last 

atient Last Visit). The study was conducted in full accordance 

ith the, 64th WMA General Assembly, Fortaleza, Brazil, October 

013, amendment to the Declaration of Helsinki 1964, ICH guide- 

ines for GCP and with laws, ethics committees and regulations 

or clinical research in the involved countries. Inclusion criteria in- 

luded a confirmed diagnosis of CF defined by clinical features and 

weat chloride test ( ≥60 mmol/L) by pilocarpine iontophoresis, or 

 genotypic confirmation of CFTR mutation. Adult patients (aged 

18 years) must have had a Bcc lung infection diagnosis in their 

edical history, defined by at least two positive microbiological 

ultures in expectorated sputum within the last 12 months prior 

o Visit 1. Patients were also required to take inhaled aztreonam 

hree times daily (TID) in a 4 weeks on/off cycle treatment regimen 

r a continuous intake regimen for at least 4 weeks before screen- 

ng Visit. For on/off cycles, the Screening Visit (Day −28 to Day 

7) was scheduled to take place in the “off” phase. Randomization

isit (Day 0) was the first day “on” to harmonize the aztreonam in- 

alation period with the IMP intake period. At screening, the FEV1 

ad to be between 40% and 100% of the predicted normal value 

ccording to the Global Lung Function Initiative normative equa- 

ions at screening [27] . All patients provided informed consent. 

ull inclusion/exclusion criteria are listed in Table S1 Supplemental 

ata. 

Eligible participants were randomized (1:1) to receive OligoG 

050 mg per day (10 capsules TID) and a matching placebo of 

actose in randomized treatment sequences: Each treatment pe- 

iod lasted 28 days followed by a 28-day washout period. A fi- 

al follow-up safety visit was scheduled 4 weeks after the final 

ashout. The design and visit schedule are outlined in Fig. 1 . The 

tudy medication was administered using a dry powder monodose 

nhaler (MIAT S.p.A., Milano, Italy). The individual patient treat- 

ent assignments were blinded to all study site personnel and 

hose involved in the monitoring or management of the study. Ef- 

cacy variables included microbiological measurements in expec- 

orated sputum (primary explorative endpoint), absolute changes 

n FEV , vital capacity (VC), forced vital capacity (FVC), forced ex- 
1 

2

iratory flow at 25–75% of FVC (FEF 25–75% ), FEV 1 /FVC ratio, peak 

xpiratory flow (PEF), changes in sputum rheology, and Quality-of- 

ife measured by the Cystic Fibrosis Questionnaire Revised (CFQ-R) 

27] .

Culture microbiology to quantify viable bacterial load in spu- 

um was performed at a central lab (Synlab AG, Munich, Ger- 

any) and samples were processed within 28 h of collection. Nu- 

erical counts for total Burkholderia cepacia complex species, and 

seudomonas aeruginosa were performed on selective media OFPBL 

oxidative-fermentative polymyxin B-bacitracin-lactose) and Mac- 

onkey agar plates, respectively. Total bacteria counts were deter- 

ined from Columbia agar plates. 

Culture independent microbiology analyses of total Bcc load 

ere performed to account for the combined viable and non- 

iable bacteria in sputum samples. Expectorated sputum samples 

ere collected at six visit time points across the trials for culture- 

ndependent microbiological investigations: V1, V2, V4, V5, V7 and 

8. Sputum samples were stored and shipped at −80 °C from clini- 

al sites to the analytical lab for DNA extraction within 4 weeks. At 

ach time point two sputum samples were taken within 2 h from 

ach patient where possible (paired samples). One sputum sample 

rom each time point was used for the culture-independent inves- 

igations reported here as bacterial diversity profiles were found to 

e highly similar between paired samples [28] . Microbiology and 

heology methods are outlined in Supplemental data, while the 

NA extraction and qPCR were performed essentially as described 

28] .

Whole blood samples were collected from all subjects for

lasma OligoG concentrations by liquid chromatography (Agilent 

200 LC Systems) with tandem mass spectrometric detection (Ag- 

lent 6460 Triple Quad LC-MS/MS detector). The planned sample 

ize was determined pragmatically due to very low prevalence and 

as not based on any sample size calculation. The primary anal- 

sis was performed on the Bcc rpoD gene copy number, as mea- 

ured from the sputum molecular microbiology. Patients with no 

easurements post baseline in one or both treatment periods were 

xcluded from the model. The mean of the three log transformed 

eplicate values at each visit were used in the analysis; copy num- 

er values of 0 were ignored in the calculation of the mean. If 

he copy number was 0 for all replicates at a visit, a value of 0

as imputed for the log10 value. For the log transformed values at 

he end of each treatment period, a linear model using SAS PROC 

IXED was constructed, with treatment, treatment sequence and 

reatment period as fixed effects, patient as random effect and the 

aseline value in each treatment period as a covariate. Visit 2 is 

efined as baseline for period 1; Visit 5 is defined as baseline for 

eriod 2. If the Visit 2 value was missing, the Visit 1 value was 

sed as baseline if available. Also centre and centre × treatment 

ffects was included in the model if statistically significant on a 

0% level. 

. Results

Seventeen patients were assessed for eligibility, and 15 patients 

andomized to receive treatment ( Fig. 2 ), with 7 patients random- 
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Fig. 2. Study flow chart. ∗Subjects withdrew for personal reasons. 

Table 1

Demographics information for ITT population consisted of gender, ethnic group, age at in- 

formed consent, height and weight. Data are presented as n, n(%), mean ±SD or mini- 

mum/median/maximum. The baseline demographic characteristics were similar in the two treat- 

ment sequences.

OligoG - Placebo Placebo - OligoG Total

Number of subjects 7 8 15

Male 3 (42.9) 1(12.5) 4 (26.7)

Female 4 (57.1) 7(87.5) 11 (73.3)

Caucasian/European 7(100) 8(100) 15(100)

ethnic group

Age at Informed 31.4 (7.4) 38.3 (15.5) 35.1 (12.5)

consent (years) 24/31/42 23/31.5/71 23/31/71

Height (cm] 170.4 (5.6) 161.6 (4 8) 165.7 (6.7)

162 / 170 / 180 154/161/168 154/167/180

Body weight (kg] 57.3 (4.2) 54.5(12.0) 55.8(9.1)

52 / 59 / 61.3 38 / 51.5 / 78.3 38 / 55 / 78.3

BMI (kg/m2] 19.75 (1.71) 20.81 (4.41) 20.32 (335)

17.58 / 20.48 / 21.87 16.02 / 19.69 / 30.59 16.02 / 20.31/ 30.59
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zed to receive OligoG in the first treatment period and placebo 

n the second treatment period, while 8 patients were randomized 

o receive placebo in the first treatment period and OligoG in the 

econd treatment period. Each treatment period was 28 days fol- 

owed by 28 days wash-out. Patient demographics are summarized 

n Table 1 . One patient was an early withdrawal resulting in in- 

omplete culture microbiology data and was excluded from the in- 

erpretation of these data. 

icrobiology (characteristics at screening) 

A total of 15 patients were randomized in this study, although 

ne patient was an early withdrawal at V3 resulting in incomplete 
3

ulture microbiology data and was excluded from this interpreta- 

ion. All 14 remaining subjects showed bacterial growth in sputum 

s determined by culture at Screening, but only 8 subjects showed 

ulturable Bcc at Screening despite previous documented history 

f chronic colonization with Bcc. In addition, the 6 subjects that 

ere negative for culturable Bcc at Screening did not grow Bcc at 

ny of the other time points during the trial ( Table 2 ). Culture-

ndependent microbiological analysis using qPCR was performed 

n 13 of the 14 subjects and identified that all had evidence of 

cc lung infection at Screening, although total abundances varied 

0.76–8.55 log 10 Bcc/g sputum). 

Via conventional microbiology, Bcc was identified as B. cepa- 

ia complex (undefined species) in 13 subjects and B. multivo- 
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Table 2

The Burkholderia species identity and total abundance in Screening samples as determined by culture-independent and culture- 

dependent methods.

Patient Burkholderia species

(molecular ID)

Burkholderia species

(culture ID)

Total abundance

(log10-Bcc/g sputum)

Total viable Bcc

(log10 CFU/ml sputum)

27610-002 B. cepacia 7.74 6.82

27610-005 B. cenocepacia 8.55 0

27610-006 Unknown 8.01 0

27611-002 7.36 0

27610-001 B. cepacia 5.96 5.6

27610-004 B. multivorans 8.33 6.82

27610-007 B. multivorans Unknown 7.50 0

27610-008 8.30 3.78

27610-009 B. cepacia 6.96 6.02

27611-006 6.41 5.19

27610-003 Unknown 0.76 0

27610-011 Unknown a B. cepacia 5.44 5.83

27611-005 Unknown 3.69 0

27611-001 b Not performed B. cepacia Not performed 6.45

a Unknown. No ID was obtained either due to a negative PCR result (molecular ID) or no growth (culture ID).
b Patient 27611-001 was not included in the culture-independent investigations.
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ans in 1 subject ( Table 2 ). Further follow up by molecular iden-

ification methods for 10 subjects revealed that 4 subjects were 

olonised with B. cenocepacia and 6 were colonised with B. mul- 

ivorans ( Table 2 ). For the remaining 3 subjects that underwent 

ulture-independent analysis, no Bcc species ID could be obtained 

 Table 2 ). Interestingly, sputum samples colonised with B. ceno- 

epacia trended towards higher total abundances as determined by 

PCR (mean = 7.92, range = 7.36–8.55 log 10 Bcc/g sputum), whereas 

hose colonised with B. multivorans had a broader range of values 

mean = 7.24, range = 5.96–8.33 log 10 Bcc/g sputum) ( Table 2 ). The

ulture-independent results could not be linked to the culture mi- 

robiology findings as three of the four patients colonised with B. 

enocepacia did not have culturable Bcc ( Table 2 ). 

icrobiology (OligoG and placebo treatment) 

Total bacterial counts were performed using culture microbiol- 

gy to determine CFU per ml of sputum for each treatment. Of 

he 14 subjects completing the study, 8 showed a mean decrease 

n total bacterial CFU’s (0.82 log10) after OligoG, although there 

as no difference in the overall means before and after OligoG or 

lacebo treatments ( Fig. 3 ). Total Bcc counts were performed us- 

ng both culture microbiology and qPCR. Although there was no 

arked difference in the overall means as determined by qPCR 

 Fig. 4 ), there was a reduction in total Bcc counts as measured by

ulture microbiology: After OligoG treatment there was a reduction 

f log10 2.19 compared to a reduction of log10 1.29 after placebo 

reatment ( Fig. 5 ). When comparing the OligoG and placebo treat- 

ent periods the difference showed an effect in favour of OligoG 

ut this was not statistically significant ( p = 0.164). The reduction 

n Bcc counts observed after OligoG treatment appeared to be in- 

ependent of susceptibility to aztreonam with 4 of the 8 subjects 

aving an MIC > 256 mg/L. The absence of culturable Bcc signifi- 

antly impacted the power of this already small study. All 13 sub- 

ects included in the culture-independent analysis had evidence of 

cc by qPCR at Screening and during the treatment periods. These 

3 subjects did not include one of the patients that had cultur- 

ble Bcc at Screening (27611-001). It was not possible to deter- 

ine the impact of the different Bcc species on the responsive- 

ess of patients to OligoG treatment. Due to low patient num- 

ers, it was not possible to show statistical significance in the ITT 

r per-protocol populations at a 5% level between the active and 

lacebo groups. Nevertheless, these findings suggest that treatment 
4

ith OligoG could reduce the microbial burden of Bcc spp. in CF 

ucus. 

ung function 

Baseline lung function FEV1 prior to OligoG treatment or 

lacebo was 49.9% and 50.3% respectively ( Table 3 ). Statistically 

ignificant improvement was not reached for FEV1 ( Table 3 ), or any 

f the lung function parameters. 

uality of life 

Analysis of QoL measurements in this exploratory study did not 

how significant effects with the active drug (Table S2 Supplemen- 

ary data). However, 6 out of the 12 QoL summary scores (Physical, 

itality, Social, Eat, Health, Weight) showed a minor relative im- 

rovement in performance after OligoG treatment with mean end 

f treatment scores of 65.22 after OligoG treatment compared to 

0.85 after placebo treatment, although neither showed a signifi- 

ant improvement from baseline. QoL scores are ranged from 0 to 

00, with the higher scores indicating better health. 

heology 

Viscosity, elasticity and phase angle in expectorated sputum, 

howed an improvement after OligoG treatment. The analysis of 

he phase angle showed an improvement in the active group at the 

nd of treatment with an increase in phase angle at 10 Hz ( Table 4 )

ndicating that the sputum viscosity is reduced and more liquid af- 

er treatment with OligoG. This confirms observations from ex vivo 

tudies, although the small dataset did not permit an analysis for 

tatistical significance. 

afety 

The numbers and proportions of patients with adverse events 

AE) were similar during OligoG and placebo treatment; Most of 

he events were of grade 1 (mild) severity in all treatment se- 

uences and treatment periods ( Table 5 ). There was only one SAE 

Serious Adverse Event) in the study (haemoptysis) that occurred 

uring OligoG treatment. The investigator considered this to be 

ossibly related to the study drug. Accordingly, this was classi- 

ed as a SUSAR (suspected, unexpected, serious, adverse drug reac- 

ion) and as such was reported immediately to Regulatory Author- 

ties. No serious AEs (SAEs) occurred during placebo treatment. No 
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Fig. 3. Log10 counts for total bacteria (as determined by culture, cfu/mL) in sputum samples from individual patients before and after treatment with OligoG or placebo.

Table 3

FEV1 (% of predicted value) for ITT population.

FCV1 {% of predicted) Change from baseline

n Mean SD Min Median Max n Mean SD Min Median Max

Treatment Visit

OligoG Baseline 14 49.90% 17.30% 24% 50% 72% 0

Two weeks 13 50.00% 17.80% 20% 54% 73% 13 −1.10% 3.30% −6% −3% 5%

End of treatment 14 48.90% 17.10% 22% 50% 72% 14 −1.00% 4.60% −8% −2% 10%

Placebo Baseline 14 50.30% 17.50% 26% 49% 74% 0

Two weeks 14 51.10% 17.80% 22% 51% 75% 14 0.80% 3.60% −8% 1% 7%

End of treatment 14 51.10% 17.10% 24% 50% 74% 14 0.80% 3.60% −5% 0 ∗ 10%

l

o

c

p

3

m

p

a

t

o

t

b

a

p

f

h

p

arge treatment differences were seen in the laboratory, vital signs 

r ECG parameters. Only one out-of-range lab value (eosinophil 

ount) was classified as clinically significant. Overall, OligoG ap- 

ears safe, with a safety profile similar to placebo. 

Plasma concentrations of OligoG were in the range of 0 to 

.33 μg/mL with a mean of 0.94 ug/mL after 14 days of treat- 

ent and 1.03 ug/mL after 28 days of treatment (Table S3 Sup- 

lementary data). There was no detectable OligoG in the plasma 

t the following visit timepoint 28 days after cessation of OligoG 
5

reatment. Study drug compliance was defined by the proportion 

f scheduled study drug capsules used per treatment period and 

he majority of patients had a treatment compliance of > 75% in 

oth treatment periods (Table S4 Supplementary data). Compli- 

nce was higher in the first treatment period for both OligoG and 

lacebo, compared to the second treatment period. The compliance 

or patients randomized to OligoG in the first treatment period was 

igher than those randomized to OligoG in the second treatment 

eriod. 
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Fig. 4. Log10 counts for total Bcc (as determined by qPCR; gene copies/g sputum) in sputum samples from individual patients before and after treatment with OligoG or 

placebo. 

Table 4 

Sputum rheology. Phase angle (0.1, 1.0 and 10 Hz) values and changes from baseline, ITT population. 

Phase angle 0.1 Hz Phase angle 1.0 Hz Phase angle 10.0 Hz 

Subject n Mean SD SE Subject n Mean SD SE Subject n Mean SD SE 

OligoG OligoG OligoG 

0 13 22.80 4.20 1.16 0 13 19.46 5.21 1.44 0 13 51.15 43.82 12.15 

14 13 20.60 5.78 1.60 14 13 19.30 6.46 1.79 14 13 62.56 43.21 11.98 

28 12 20.27 4.67 1.35 28 12 17.88 3.82 1.10 28 12 81.02 25 56 7.38 

56 11 21.93 4.30 1.30 56 11 19.15 3.73 1.12 56 11 67.63 42.92 12.94 

Placebo Placebo Placebo 

0 14 23.24 8.22 2.20 0 14 19.88 6.22 1.66 0 14 67.78 43.93 11.74 

14 14 22.76 4.59 1.23 14 14 19.88 3.55 0.95 14 14 74.40 41.35 11.05 

28 14 24.65 4.73 1.26 28 14 20.13 4.94 1.32 28 14 75.66 39.04 10.43 

56 13 21.86 5.65 1.57 56 13 19.24 4.36 1.21 56 13 56.72 35.57 9.87 

D

s

d

t

t

c

s

n

B

g

B

a

iscussion 

This was an exploratory clinical trial to evaluate the efficacy and 

afety of inhaled OligoG treatment in CF patients using aztreonam 

ue to chronic colonization with Bcc spp. The study demonstrated 

hat repeated inhalation of OligoG DPI was safe in adult CF pa- 

ients. The primary endpoint of the study was to explore the effi- 
6 
acy of OligoG in reducing Bcc spp. as measured in expectorated 

putum samples. While it was not possible to assign statistical sig- 

ificance to the primary endpoint a log10 2.19 reduction in total 

cc as determined by culture analysis suggest that inhaled Oli- 

oG might have some effect in reducing the microbial burden of 

cc spp. Differences between the culture and culture-independent 

nalyses may reflect known challenges in culture microbiology, as 
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Fig. 5. Log10 counts for Bcc (as determined by culture, cfu/mL) in sputum samples from individual patients before and after treatment with OligoG or placebo. 

Table 5 

Summary of subjects with treatment-emergent adverse events by preferred term, with grade of severity, for OligoG or placebo. 

There was only one grade 3 event in the study (haemoptysis) that occurred between visits 6 and 7 during OligoG treatment in 

the Placebo – OligoG treatment sequence. 

Event 

OligoG 

Events n 

Grade Placebo 

Events n 

Grade 

1 2 3 4 1 2 3 4 

Bronchopneumonia 1 1 0 0 0 0 0 0 0 0 

Infective pulmonary exacerbation of cystic fibrosis 1 0 1 0 0 1 0 1 0 0 

Viral infection 1 1 0 0 0 1 0 1 0 0 

Nasopharyngitis 2 2 0 0 0 3 3 0 0 0 

Cough 1 1 0 0 0 5 4 1 0 0 

Dyspnoea 3 3 0 0 0 2 1 1 0 0 

Haemoptysis 1 0 0 1 0 1 1 0 0 0 

Pulmonary haemorrhage 1 1 0 0 0 0 0 0 0 0 

Eosinophil count increased 1 0 1 0 0 0 0 0 0 0 

Oropharyngeal pain 0 0 0 0 0 2 2 0 0 0 

Total 12 9 2 1 0 15 11 4 0 0 

w

b

l

i

w

t

5

t

O

f

o

a

d

M  

p

d

a

ell as the quantification of live versus dead organisms unable to 

e resolved by qPCR on total sputum DNA. This highlights the chal- 

enges in evaluating antimicrobial therapies and understanding the 

mpact of quiescent or dormant colonies in chronically infected air- 

ays. 

Unfortunately, due to low patient number it was not possible 

o show statistical significance in the ITT or PP populations at a 

% level between the active and placebo groups. Interestingly, the 

wo subjects showing the greatest reduction in Bcc cfu counts after 
7 
ligoG treatment were identified by molecular analysis as positive 

or B. multivorans and B. cenocepacia, with aztreonam MIC values 

f 0.19 mg/L and > 256 mg/L, respectively. This reduction in Bcc 

fter treatment with OligoG supports previously published in vitro 

ata that showed OligoG treatment of B. cenocepacia reduced the 

IC of aztreonam from 1024 mg/L to less than 4 mg/L [19] . It is

ostulated that this effect of OligoG is mediated through its biofilm 

isruption properties, which in turn reduces the tolerance of Bcc to 

ztreonam. 
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Analysis of rheology data showed an effect of OligoG on sputum 

iscosity. The phase angle at 0.1 Hz and 1.0 Hz showed improved 

alues in the active group at the end of treatment, indicating that 

he sputum viscosity was reduced and more liquid after treatment 

ith OligoG, which is consistent with the reported mechanism of 

ction [12,15,18] . 

There were no statistically significant differences found be- 

ween OligoG and placebo at the end of treatment for the spirom- 

try parameters. The study did not demonstrate an improvement 

n lung function of CF patients, and it was assumed that the small 

ample size prevented an appropriate statistical analysis of spirom- 

try parameters. The extremely low prevalence of CF patients with 

cc infection precluded a larger study. The significant reduction in 

cc cfu counts in some patients but not others is intriguing and 

id not appear to correlate with aztreonam susceptibility. Clearly a 

arger study would help to determine if this was due to other fac- 

ors such as concomitant medication, microbiota, or the infecting 

cc species It is not clear from this exploratory study if this im- 

acted the response to treatment and it is known that clinical out- 

ome with B. cepacia complex infected individuals is highly vari- 

ble [11] . 

The safety profile of OligoG was also compared with placebo 

n this trial. Only one SAE in total was observed in this trial. This

AE occurred within the OligoG treatment phase and was judged 

y the investigator as possibly related to the study drug. How- 

ver, the SAE was a deterioration of a pre-existing concomitant 

isease in the patient (increased haemoptysis) and hospitalization 

as only for observation; no treatment was necessary for the pa- 

ient to recover. Furthermore, the numbers and proportions of pa- 

ients with adverse events were similar during OligoG and placebo 

reatment. No clinically relevant treatment differences were seen 

n the laboratory, vital signs or ECG parameters and there were 

o deaths attributable to the active drug. Overall, it was concluded 

hat OligoG as a DPI appears safe, with a safety profile similar to 

lacebo. 

A limitation in the study was the placebo composition having a 

igh dose of lactose, which itself may have had some influence on 

ung microbiology: To minimize the risk of unblinding, the lactose 

lacebo was administered in the same dose (1050 mg per day) as 

he dry powder formulation of the active drug. Retrospective anal- 

sis suggests that this high dose of lactose may not have been the 

est choice of placebo to evaluate the microbiological effects ex- 

ected from OligoG in this study. The reasoning behind this inter- 

retation is outlined elsewhere [15] . 

The small sample size was also a limitation of the study and 

eflects the low prevalence of Bcc infection. The prevalence varies 

etween CF treatment centre and countries, but for example in the 

K, prevalence of Bcc infection was 3.5% for 9053 CF patients [9] . 

hile improved infection control measures are helping to reduce 

his, further clinical studies will require enrolment from a wider 

ange of CF centres. Poor clinical outcome for Bcc infected individ- 

als remains a major problem for which new therapeutics are still 

rgently required. An additional limitation of the study was the 

elatively high treatment burden imposed by the treatment regi- 

en of 10 capsule inhalations TID. This dose was based on conclu- 

ions from the previous phase 2A study (EudraCT Number: 2010- 

23090-19) [29] , which showed the dose was in the lower range 

f what would be expected to demonstrate efficacy. Nevertheless, 

urther dose ranging studies are required to establish a more ap- 

ropriate balance between efficacy and treatment burden. 

In conclusion, the results did not reveal any safety concerns for 

dult CF patients following administration of 1050 mg OligoG per 

ay DPI over a 28-day period and confirms early studies that the 

ctive drug is safe to use in this study population. Although there 

ere no significant improvements in FEV1 or other lung function 

arameters in this exploratory study, the low baseline FEV of 50% 
8

n the study cohort may not allow for clear improvements in lung 

unction to be observed in these adult individuals with severe dis- 

ase. Nevertheless, there were interesting trends for OligoG treat- 

ent in reducing the microbial burden of Bcc infection in CF pa- 

ients and highlights the need for further investigation. 
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