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Detailed Methods 

Patient reported outcomes 

To identify clinical outcomes which were thought relevant by clinicians and patients, face to face semi-structured 

interviews(1) were conducted individually with fifteen patients who had recently been discharged from hospital 

with pneumonia, identified from a local lung health group and fifteen physicians who treated patients with 

pneumonia (including 5 general practitioner, 5 acute care physicians and 5 respiratory physicians). These 

participants discussed their experiences of admission to hospital and following discharge or their experiences of 

treating patients with pneumonia.  The design of clinical trials was discussed and participants were then asked 

consider what trial outcomes would have most relevance to them, from a list that was generated during the 

discussion.  Fifteen subjects in each group allowed saturation of themes(2).   Thirteen of the fifteen physicians 

thought mortality was the most important outcome, with length of stay suggested as a primary outcome by two 

physicians.  Only one elderly patient believed mortality was the most important outcome.  Twelve of the fifteen 

patients considered prevention of re-admission to hospital to be of highest importance and two patients 

suggested improvements in symptom scores to be of primary importance. These findings are concordant with 

results from other studies(3, 4).  Therefore, a composite score of readmission free survival was included in this 

pilot study, but length of stay and symptoms scores were collected as secondary endpoints.  

 

NETosis 

NETosis was performed on freshly isolated neutrophils from EDTA vacutainers (Becton Dickinson) as previously 

described(5) and detailed in online supplement. In brief 1 x105 neutrophils re-suspended in RPMI 1640 (Sigma-

Aldrich) supplemented with 2nM L-Glutamine, 100U/ml Streptomycin and 100ug/ml Penicillin (GPS; all 

purchased from Sigma-Aldrich), were placed in a 96-well flat-bottomed plate (Becton Dickinson) and stimulated 

with 25nM PMA (positive control) and fMLP 100nM (all Sigma-Aldrich) or vehicle control (RPMI 1640 with GPS) 

and incubated for 3 hours at 37°C supplemented with 5% CO2.  Following incubation samples were treated with 

200units of micro-coccal nuclease (MNase; Sigma-Aldrich) and 1µM of SYTOX Green (Invitrogen) and 

fluorescence measured in a BioTek Synergy 2 fluorometric plate reader (NorthStar Scientific Ltd, Leeds, UK) with 

a filter setting of 485nm excitation and 530nm emission. Background fluorescence from unstimulated negative 

controls was subtracted from the stimulated values.  Video microscopy confirmed the presence of NETs in some 

studies. Experiments were performed in quadruplicate. 
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Data is expressed as change from unstimulated, baseline NET formation in arbitrary units.  In a proportion of 

patients NETs were confirmed by video microscopy staining for DNA, neutrophil elastase (NE) and citrullinated 

histones.   

 

Although PMA is considered the gold standard in many studies of NETosis, it is non-physiological and a recent 

publication has highlighted clear mechanistic differences between NETosis caused by PMA and NET formation 

induced by natural triggers(6).  In light of this we used PMA as a positive control and fMLP as a physiologically 

relevant stimulus. 

 

Validation 

We wished to utilise a physiologically relevant stimulus for NETosis generation.  We confirmed in vitro that fMLP 

(100nM) induced NETosis in neutrophils in a separate cohort of sepsis patients (n=10) but not to the extent of 

PMA and that active Simvastatin 1uM (Simvastatin Hydroxy Acid, Ammonium Salt (CAS 139893-43-9), Santa Cruz 

Biotechnology, Heidelberg, Germany) reduced NETosis in vitro (Figure S1A and S1B of the online supplement). 

 

Neutrophil migration 

Migration was assessed using an Insall Chamber (Weber Scientific International Ltd, Teddington, UK).  Coverslips 

were coated with 7.5% culture-tested bovine serum albumin (Sigma-Aldrich, UK) and neutrophils (suspended at 

2x106/ml) adhered to this surface for 20 minutes. The chamber was filled with RPMI 1640 as control, 100nM 

Interleukin8 (CXCL8) (R&D Systems, Abingdon, UK). Incubation times and concentrations were chosen following 

time-course experiments and neutrophil accuracy in migrating in the direction of the chemotactic gradient 

(chemotaxis) is expressed in mm/min.  

 

Apoptosis. 

In brief, freshly isolated neutrophils (1 × 105 cells) were suspended in RPMI 1640 supplemented with GPS. 

Annexin V binding and propidium iodide staining.  Annexin V binds to exposed phosphotidylserine in a calcium-

dependent manner and is an indicator of early apoptosis. Propidium iodide (PI) stains cells with disrupted plasma 

membranes and is indicative of late apoptosis or necrosis. Neutrophils were stained with annexin V and PI 

according to the manufacturer’s instructions (annexin V-FITC kit; Miltenyi Biotec, Auburn, CA). Labeled cells were 

analyzed by flow cytometry (CyaNADP; Beckham Coulter) on isolation. Staining indicated the stage of cell death 

as follows: alive, annexin V-,  PI- ; early apoptotic, annexin V+, PI- ; late apoptotic/necrotic, annexin V+, PI+.  
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Results 

Table E1.  Co-morbidities based on organs 

 

Co-morbidities Statin (n=32) Placebo (n=30) P-value 
CVS 

Hypertension 
Arrhythmia 

IHD 

 
12 
4 
6 

 
14 
6 
8 

 
0.607 
0.502 
0.550 

Respiratory 
COPD 

Asthma 
Other 

 
7 
6 
2 

 
12 
2 
2 

 
0.170 
0.258 
1.000 

Endocrine 
Type 2 Diabetes 
Hypothyroidism 

 
4 
3 

 
5 
3 

 
0.728 
1.000 

Chronic renal disease 1 2 0.607 
Neurological 

Cognitive impairment 
CVA 

 
6 
3 

 
5 
3 

 
1.000 
1.000 

Cancer 4 5 0.728 
Hypercholesterolemia 2 1 1.000 

 
Legend. Co-morbidities by organ on an intention to treat basis and compared using Fisher’s Exact tests. All conditions 
were confirmed by hospital and primary care physician.  CVS = Cardiovascular disease, IHD = ischaemic heart disease, 
COPD = chronic Obstructive pulmonary disease, CVA = cerebral vascular accident. 
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Systemic inflammation 

Table E2.  Cytokines by intention to treat analysis 

CYTOKINE SIM DAY 0 SIM DAY 4 PLACEBO DAY 0 PLACEBO DAY 4 

CXCL8 pg/ml 31.63 (25.52 – 48.87) 31.49 (25.42– 46.68) 34.77 (26.21 – 40.27) 35.16 (22.16 – 38.53) 

IL-1β pg/ml 38.98 (32.87 – 45.92) 39.62 (31.61 – 45.28) 41.98 (32.10 – 46.31) 39.43 (29.02 – 48.69) 

IL-10 pg/ml 33.52 (19.55 – 51.07) 34.59 (20.03 – 51.62) 40.04 (27.18 – 76.48) 39.28 (28.60 – 68.11) 

IL-1RA ng/ml 1.92 (1.41 – 3.48) 2.19 (1.56 – 3.07) 2.41 (1.64 – 3.63) 1.80 (1.62 – 2.64) 

IL-6 pg/ml 25.28 (13.72 – 84.11) 46.14 (21.83 – 90.81) 64.31 (45.69 – 110.56) 38.01 (16.75 – 52.25) 

TNFα pg/ml 42.97 (39.79 – 50.08) 44.18 (35.60 – 50.30) 40.98 (31.91 – 50.74) 41.54 (29.32 – 58.06) 

IFN-γ pg/ml 263.13  

(203.62 – 310.27) 

269.72  

(183.98 – 327.72) 

275.01 

(220.15 – 320.89) 

278.10 

(223.03 – 338.97) 

IL-2 pg/ml 152.96  

(111.50 – 183.84) 

145.78  

(116.82 – 194.19) 

161.52 

(146.97 – 176.35) 

168.05 

(152.60 – 189.36) 

MCP-1 pg/ml 339.11  

(266.26 – 448.96) 

309.15 

(202.71 – 362.40) 

284.42 

(235.26 – 369.36) 

312.75 

(227.78 – 412.61) 

MMP-1 ng/ml 1.73 (1.30 – 2.78) 1.76 (1.21 – 2.40) 1.48 (1.16 – 1.91) 1.66 (1.45 – 2.09) 

MMP-7 ng/ml 3.23 (2.59 – 5.18)  3.27 (2.93 – 5.02) 3.31 (2.79 – 4.35) 3.05 (2.21 – 4.08) 

MMP-8 ng/ml 4.78 (2.65 – 1.20) 6.22 (3.92 – 22.54) 10.70 (3.97 – 19.12) 5.23 (3.54 – 20.11) 

MMP-9 ng/ml 6.92 (1.04 – 74.96) 2.44 (0.44 – 20.85) 6.33 (1.49 – 74.73) 3.23 (0.44 – 16.57) 

LIPOCALIN-2 ng/ml 4.91 (2.71 – 15.11) 9.65 (4.47 -16.02) 5.55 (2.19 – 9.89) 6.88 (4.22 – 9.68) 

P-SELECTIN ng/ml 46.48 (37.03 – 62.67) 43.70 (33.56 – 57.88) 41.54 (37.97 – 51.31) 47.64 (38.99 – 67.30) 

RANTES ng/ml 16.76 (9.32 – 29.71) 13.82 (5.20 – 30.51) 14.26 (3.65 – 24.71) 13.78 (5.02 – 17.00) 

VEGF-A pg/ml 116.27  

(101.96 – 157.22) 

109.74 

(90.10 – 135.32) 

101.63  

(85.21 – 121.75) 

104.71  

(86.93 – 163.86) 

Legend Plasma samples were stored from each time point and batch analyzed with analyst blind to the patient group.  Of 
note, there were 31 Day 0 and 21 Day 4 statin samples and 28 Day 0 and 20 Day 4 samples for the placebo group.  There 
were no significant differences between Day 0 and Day 4 result within the same patient group (assessed using Wilcoxon 
matched-pairs signed rank tests) or at the same time point between groups (comparing patients on Simvastatin to 
placebo and assessed using Mann Whitney U tests).  CXCL8 = chemokine (C-X-C motif) ligand 8, nM; IL = Interleukin. RA = 
receptor antagonist; TNF =tumour necrosis factor; IFN = interferon; MCP = Monocyte chemoattractant protein,  MMP= 
matrix metalloproteinase; RANTES = regulated on activation, normal T cell expressed and secreted; VEGF = Vascular 
endothelial growth factor 
 
Apoptosis 

There were no differences in the percentage of early or late apoptotic cells on Day 0 (median (IQR) 

simvastatin 22.5% (21.2 – 25.1) vs. placebo 26.8% (25.0 –30.7) p = 0.23:  Late;  1.0% (0.6 – 1.1) vs. 0.8% (0.6 

– 1.1), p=0.60; Mann Whitney U test for both) or Day 4 following treatment (Early: simvastatin 15.3% (8.4 – 

46.3)  vs. placebo 32.2% (19.2 – 45.8), p = 0.17: Late: 0.4% (0.3 – 1.5) vs. 0.5% (0.4 – 0.6), p=0.90 Mann 

Whitney U test for both).  The percentage of apoptotic cells did not differ between Day 0 or Day 4 for 
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either group (simvastatin; early, p= 0.72, late, p =0.13; placebo, early, p= 0.69: late p = 0.12, Wilcoxon 

matched pairs signed rank test for both). 

 

CRP 

There were no differences in the baseline CRP for the two groups (median (IQR) for all data) Simvastatin: 

138mg/ml (52-240mg/ml) vs. placebo 156mg/ml (43-267mg/ml),  p=0.809 Mann-Whitney U test) or for the 

change in CRP between Day 0 and Day 4 between the groups (Simvastatin, -31.5mg/ml (-156 - 73mg/ml) vs. 

placebo -23mg/ml (-93.5 - 50mg/ml), p=0.806, Mann Whitney U). 

 
Table E3.  Demographics of patients who met SEPSIS-3 criteria at recruitment. 
 

 Statin (N=16) Placebo (N=11) p-value 
Age 76.9 (68-89) 83.9 (65-86) 0.991 

Gender, males* N (%)  11 (69) 7 (64) 0.782 
Co-morbidities& 

0 
1 
2 

3 or more 

 
0 
1 
5 

10 

 
0 
2 
1 
8 

 
 
 
 

0.305 
C-Reactive Protein mg/ml 157 (45-243) 162 (64-289) 0.599 

CURB score 1 (1-2) 1 (1-2) 0.848 
Lactate (mmol/L) 1.9 (1.1-2.7) 1.8 (1-3) 0.799 

Creatinine (μmol/L) 79 (67-119) 80 (74-112) 0.837 
Creatinine Kinase (IU/L) 98 (40-227) 162 (64-289) 0.559 

Bilirubin (μmol/L) 8 (7-16) 11 (6-16) 0.566 
ALT (μmol/L) 22 (17-36) 15 (11-31) 0.216 

Total Cholesterol (mmol/L) 3 (2.7-3.6) 3.9 (2.7-5) 0.504 

SOFA Score 3 (2-3) 3 (2-4) 0.472 
    

Legend. Baseline demographics of patients recruited into trial. Sepsis 3 positive is those patients that would be classified 
as having sepsis using the 2015 Sepsis 3 criteria(7).  All values represent the median (IQR) with p-values from a Mann-
Whitney U test, except * which are represented as absolute values and p-values from a Fisher’s Exact test. For co-
morbidities, see table S1 in the online supplement for more details. 
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A.                                                                    

              
 B.          

 
 

 
 

 
 
 
 
Figure E2. NETosis to fMLP on Day 0 and Day 4.  Legend.  Patients with pneumonia and sepsis (CAP+S) received 
Simvastatin 80mg or placebo as well as standard medical treatment.  Neutrophils were stimulated with fMLP (100nM) and 
after 3 hours NET formation was measured, both at Day 0 and Day 4.  Each dot is one patient. NET data is displayed as fMLP 
NETosis minus unstimulated NETosis, measured in arbitrary units (AU).  Patients taking simvastatin had low NETosis at Day 4 
compared to patients taking placebo (p=0.034, Mann Whitney U).  

Figure E1.  In vitro NETosis with fMLP stimulation with an  
without Simvastatin 
Legend. Neutrophils isolated from 10 CAP+S patients aged > 50 were 
stimulated with A. fMLP (100nM) or vehicle control (VC) (left y axis) or 
PMA 25nM (right y axis). There was a significant increase in NETosis 
with fMLP compared to VC (Wilcoxon matched pairs), and all but one 
individual demonstrated an increase in NETosis with fMLP, although 
NETosis induction was not as high as seen with PMA as a stimulus.  B.  
Neutrophils from the same 10 CAP+S people were pre-incubated with 
Simvastatin 1uM or simvastatin vehicle control (VC) and/or then 
exposed to fMLP.  There was a significant reduction in NETosis if 
neutrophils were pre-incubated with Simvatatin 1uM for 1 hour 
compared with fMLP alone.  There was no such reduction using VC  
(Wilcoxon matched pairs) 
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Figure E3.  Chemotaxis in CAP+S patients, Day 0 to Day 4. 
Legend.  Patients with pneumonia and sepsis (CAP+S) received Simvastatin 80mg or placebo as well as standard medical 
treatment.  Neutrophils migrated to CXCL8 (100nM) isolated both at Day 0 and Day 4.  Each dot is one patient. Lines are 
median and IQR. Chemotaxis data is measured in um/min.  Day 4 migration was more accurate in the Simvastatin group 
compared to the placebo group (p=0.033, Mann Whitney U) 

 

 
Figure E4.  Aα360VAL levels in CAP+S patients 
Legend.  Patients with pneumonia and sepsis (CAP+S) received Simvastatin 80mg or placebo as well as standard 
medical treatment.  Aα360VAL was measured in plasma on Day 0 and Day 4. Each dot is one patient. Lines are median 
and IQR. Chemotaxis data is measured in um/min.  Day 4 Aα360VAL was lower in the Simvastatin group at Day 4 
(p=0.0001, Mann Whitney U) 
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Abridged SNOOPI Protocol.  Version 5. Approved 12.03.2014 

INVESTIGATIONAL MEDICAL PRODUCT (IMP) 

Active Drug: Simvastatin 

Trade name: Accord 
Authorisation number MA - PL0075/0017 
Composition: The IMP is an over encapsulated Simvastatin 80mg tablet (Accord brand) flush filled with 
Microcrystalline cellulose in a flush filled with Microcrystalline cellulose in a Size DBAAe1 capsule.  Dose 
regimen: a single daily dose PO or per NG for 7 days. 
Manufacturer: Sharp Clinical Services, Waller House Elvicta Business Park Crickhowell NP8 1DF 
(MIA(IMP) Number: 10284) at MHRA site number 28707.  
 

Placebo:  

DBAAe capsule shells filled with Microcrystalline cellulose. 
Composition: Size DBAAe1 capsule shells filled with Microcrystalline cellulose. 
Dose regimen: a single daily dose PO or per NG for 7 days. 
Manufacturer: Sharp Clinical Services Waller House Elvicta Business Park Crickhowell NP8 1DF         
(MIA(IMP) Number: 10284) at MHRA site number 28707.  
Authorisation number: MA10284 
Authorisation holder: Sharp Clinical Services, Waller House, Elvicta Business Park, Crickhowell NP8 1DF 
 

Prescription, preparation and administration of IMP  

Trial delegation logs will specify the names of physicians authorised to prescribe IMP for this study. 
 
IMP will be prepared by Sharp Clinical Services, and shipped to QEHB / HEFT pharmacy.  
The first dose of study drug will be administered as soon as possible, ideally within 4 hours of randomisation 
and subsequent doses will be given each morning starting on the following calendar day. If for any reason a 
dose is not administered at the intended time, it may be administered subsequently but not more than 12 
hours after the intended time of administration. Administration of the first dose of IMP may be directly 
observed by a research nurse or research assistant. Trial drug will be stored in the locked drug trolley for the 
ward where the patient is based and administered on a daily basis. 
 
No dose modification is proposed as this is a daily dose of a single 80mg tablet of simvastatin. 
 
IMP will be labelled and packaged by Sharp Clinical Services Ltd. according to principles of GMP.  
 
This is a double-blind trial: neither subject nor investigator will be aware of a subject’s allocation while he / she 
is participating in the trial. Active and placebo batches of IMP will have identical packaging, labelling and 
appearance. 
 
The trust pharmacy will inform the Chief Investigator on receipt of IMP deliveries. IMP will be stored in the 
pharmacy according to GCP principles.  
 
Research nurses or research assistants will withdraw IMP from trust pharmacy on behalf of study participants 
on production of a signed trial prescription.   
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Return and destruction of IMP  

Research nurses or research assistants will return unused or expired IMP to the appropriate hospital 
pharmacy, where it will be destroyed according to local standard operating procedures. 
 

Procedures for emergency unblinding 

As a placebo controlled, double-blind trial, patients, clinicians and PI will be blinded to each patient’s 
allocation. All trial drugs, whether simvastatin or placebo, will be packaged identically and identified only by a 
unique trial identifier. Any clinician involved in the care of patients in the study may request emergency 
unblinding on grounds of safety. Emergency unblinding will be performed by telephone contact with the trial 
team. This option will be used only if the patient’s future treatment requires knowledge of the treatment 
assignment. The trial coordinator maintains a copy of the treatment allocation log in the respiratory trials 
office. Out of hours contact is maintained by a mobile phone carried by members of the trial team in rotation 
who have access to the treatment allocation log in the trials office. 
     

Rationale for choice and dose of simvastatin and 7-day treatment 

The diverse effects of statins appear to represent a class effect. As outlined above, in both in vitro and animal 
experiments statins show consistent effects regardless of the choice of statin. In addition retrospective and 
prospective human studies have included multiple statins and shown beneficial effects. However, our 
preliminary in vitro studies (as outlined above) utilized simvastatin, and therefore Simvastatin will be 
investigated in this study. 
 
The decision to examine treatment for 7 days is based on data supporting the average neutrophil lifespan as 
being 5.4 days, therefore, by 7 days all circulating neutrophils will  have been matured in the presence of 
simvastatin(8). 
 
Only a single animal study has compared 2 doses of simvastatin (5 or 20 mg/kg given intraperitoneal 24 hours 
before and concomitantly with LPS to induce lung injury) and only the higher dose was effective in attenuating 
inflammation and subsequent lung injury(9).   Importantly, a recent retrospective observational study of statin 
usage in patients with sepsis found a greater mortality benefit in patients who were receiving a higher dose of 
statin(10).   
 
Our preliminary in vitro data suggests that neutrophil function is optimized at plasma concentrations that 
reflect an 80mg daily dose, and this has also been found in vivo studies of inflammation(11) . Although it is 
acknowledged that the risk of adverse side effects is dose related, on the basis of available evidence, 
simvastatin 80mg is safe, particularly given the duration of treatment is only 7 days and these patients will be 
monitored.  Our preliminary data strongly suggests that Simvastatin positively affects neutrophil responses in 
the elderly.  If the proposed study confirms this finding, we would then perform a clinical trial of Simvastatin as 
an adjuvant therapy in older patients with pneumonia with clinical endpoints.  The volunteers involved in this 
proposed study may generate data that will change treatment strategies in pneumonia.  This may prove to be 
directly beneficial to their own treatment at some point in the future.   However, this is a speculative benefit. 
 
We have assessed the risk to benefit ratio carefully when designing this study and believe risks have been 
minimized as much as possible. The side effect profile for Simvastatin is well known and the volunteers will be 
carefully selected to exclude those at higher risk of adverse events.  Subjects will be closely monitored and 
they will be exposed to Simvastatin for a very short duration of treatment.   
 
Justification for Co-prescription with macrolide antibiotics. 
Severely ill pneumonia patients are usually treated with a combination of intravenous penicillin and a 
macrolide antibiotic – typically clarithromycin 500 mg BD in our trust. If we were to exclude patients who were 
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taking clarithromycin therefore the trial would only be able to enrol patients with mild disease (who wouldn’t 
meet the criteria for sepsis) or those known to be  intolerant of macrolides (a small proportion of cases). This 
would clearly be a significant barrier to recruitment. In addition if we excluded such a large proportion of 
patients with septic pneumonia who receive clarithromycin or erthyromycin, then it limits the generalisability 
of any findings from this clinical study to the overall population of patients with pneumonia.  We therefore 
propose that we do not exclude patients who are receiving concomitant clarithromycin or erthyromycin from 
receiving simvastatin. This is the current clinical practice of the applicants who do not stop statin therapy in 
patients who are admitted with pneumonia. 
 
There are several points to highlight which are important in considering that this would be appropriate. In this 
study patients are treated within the medical admissions unit, or critical care unit as in-patients and will be 
closely monitored for adverse events, and specifically creatine kinase and liver transaminases is measured on 
days 1, 4, and 7 - the duration of study drug administration. The hospital / critical care environment is unique 
in that it allows the opportunity for rigorous safety monitoring. It should be emphasized that in this study the 
maximum duration of treatment is only 7 days and treatment will be stopped if a study termination criterion is 
reached, which include a study drug related AE and hospital discharge. In contrast, in other clinical trials with 
simvastatin, treatment was long term and was given as an out-patient with follow-up typically only at months 
1, 4, and 8 and every 4 months thereafter. Finally, the Data Monitoring and Ethics Committee (DMEC) will 
closely monitor and review the safety data. 
 
Rationale for selecting patients on low – moderate dose statins. 

As stated, changes to neutrophil function have only been noted using doses of simvastatin equivalent to 80mg.  
Cell studies conducted in our laboratories suggest that this higher dose is the only one that positively affects 
neutrophil function with lower concentrations not having a similar effect.  We have studied the in vitro effects 
of 80mg Simvastatin on neutrophils isolated from participants on low or moderate doses of Simvastatin and 
there continues to be a positive effect on migration when the cells are in the presence of higher 
concentrations of statins. This strongly suggests that low doses of statins are insufficient to cause the positive 
changes to neutrophils functions that may be beneficial during episodes of pneumonia.  In light of this, we 
propose to include subjects on doses of statins that are lower than or equivalent to 40mg Simvastatin 
(Atorvastatin 40mg, Simvastatin 10, 20 40mg, Fluvastatin 80mg, Rosuvastatin 10mg) as evidence suggests this 
will not negatively impact on the potential effect of Simvastatin 80mg in this study. Patients currently receiving 
statins at the concentrations above would have there usual statin therapy paused during the trial, but this will 
be reinstated once the 7 days of the study medications were completed. 
 

Safety 

The safety and toxicity profile of simvastatin is well known. Simvastatin has been associated with: 
Headache (3%) 
Abdominal pain (3.2%) 
Asthenia (weakness) (1.6%) 
Constipation (2.3%) 
Diarrhoea (1.9%) 
Myalgia (1.2%) 
Rhabdomyositis (<0.1%) 
Transient rise in liver function tests (1%) 
Jaundice (0.1%) 
Cirrhosis (0.01%) 
 
In the clinical trial, subjects will be monitored to reduce risks.  Simvastatin is a widely prescribed and well-
tolerated treatment.  To maximise patient safety, liver function tests and cholesterol will be measured before 
enrolment, 1 and 4 and 7 days of treatment (with either Simvastatin or the placebo).   
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Pharmacokinetics and Pharmacodynamics:  

During the clinical trial, cholesterol levels will be checked to ensure drug compliance and efficacy.  
 
Interactions with other medication:  

We seek to minimize the risk of harm arising from administration of simvastatin to study participants by the 
following measures:  

1. Baseline exclusion of patients at increased risk of simvastatin hypersensitivity as outlined in the exclusion 
criteria. 

2.  Ensuring that all participants are monitored with appropriate biochemical testing of liver and creatinine kinase 
levels. 

3. Instituting standard therapy for complications for any study participant developing complications: usually liver 
dysfunction and altered creatinine kinase levels are effectively managed by drug cessation and supportive 
care. 

 INVESTIGATIONAL PLAN. 

We will undertake a phase II study of simvastatin versus placebo in patients with septic pneumonia testing 
whether we can detect effects on neutrophil function. These studies will therefore provide a proof of concept 
for a mechanism of action for statins to facilitate a larger study looking at modulating clinically relevant 
outcomes in this patient group. 
 

Overall design 

This is a randomised double blind placebo controlled study to test the safety and efficacy of simvastatin 
therapy on neutrophil function in older patients with septic pneumonia.  Patients will be randomised to 
simvastatin 80mg PO OD or placebo for 7 days in a double- blind fashion.  An outline of assessments is shown 
in table 1.  Screening and Day 0 should occur on the same day. 
 
Table 1. Study procedures 
 

 Screening Post 
consent  

Post 
consent. 

Post-
consent  

Post-
consent   

Post-
consent 

Post-
consent 

Post 
consent 

  Day 0 Day 1  4 days 
of IMP 

7 days of 
IMP  

30 days  180 
days  

365 
days 

Informed consent  X        
Check eligibility 
criteria  

X        

Record baseline 
demographic and 
clinical data  

X        

Review concomitant 
medications  

X        

Blood samples for 
liver function tests* 

X   X X    

Blood sample for 
creatinine* 

x  x x x    

Blood sample for 
creatinine kinase * 

X  X X X    

Blood sample for 
cholesterol 

 X  X X    
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Blood sample for 
neutrophil studies 
and elastase 
footprint** 

 x  x     

Optional BAL sample 
*** 

  X      

Patient meets 
inclusion criteria  

x x x x x    

Withdraw IMP from 
pharmacy 

 X       

Scheduled first dose 
of IMP (directly 
observed)**** 

 X       

Adverse event 
recording 

 X X X X 
 

   

Clinical outcome 
data 

x x x x x x x x 

 
*CPK and LFT values will be used from the previous 48 hours if available. 
** Blood sampling will also occur again if the patient develops acute lung injury or is reintubated if at a 
different timepoint to above. 
***Bronchoalveolar lavage fluid will be obtained if the patient is ventilated as a result of clinical deterioration. 
**** simvastatin or placebo will be administered daily for up to 7 days. 
 

Overview of study population 

Patients with community acquired pneumonia aged 55 or over, admitted to hospital. 
 

Target Accrual 

60 + 3 patients will be recruited over approximately 18 months. Following randomisation patients will 
participate in this clinical trial for up to 1 week and clinical data will be followed for up to 1 year. 
 

Subject Selection 

Patients will be identified on the daily consultant ward rounds that take place on the 90 bedded clinical 
decision unit and 80 bedded intensive care unit at the QEHB (approx 60-70 daily admissions). Patients will be 
eligible to participate in the study if they fulfil the following inclusion and exclusion criteria. 
 
Inclusion criteria:  

• Patients at or over 55 years old. 
• Meet the BTS criteria for a diagnosis of community acquired pneumonia (CAP) namely symptoms and signs 

consistent with an acute lower respiratory tract infection associated with new radiographic shadowing for 
which there is no other explanation(12). We will regard symptoms and signs as having 3 or more of the 
following: cough, sputum production, breathlessness, pleuritic chest pain, haemoptysis, fever, headache, signs 
consistent with pneumonia on chest auscultation.  

• CAP patients will also need to meet the criteria for sepsis based on the standard definitions as published in 
Surviving Sepsis Campaign Guidelines and illustrated in the table below 

• All sepsis and pneumonia criteria must occur within the same 24 hour period. 
• Patients must be enrolled within 48 hours of admission to hospital. 
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Sepsis is defined as evidence of infection plus Systemic Inflammatory Response Syndrome (SIRS) (Table 2). The 
Surviving Campaign Guideline definition of sepsis are summarised in Table 3. 
 
 
 
Table 2: Systemic Inflammatory Response Syndrome Diagnostic Criteria (1) 

2 or more of the following criteria 

 Fever of more than 38°C or less than 36°C  
 Heart rate of more than 90 beats per minute  
 Respiratory rate of more than 20 breaths per minute or a PaCO2 level of less than 32 mm 

Hg 
 Abnormal white blood cell count (>12,000/µL or <4,000/µL or >10% bands) 

 
 
Table 3: Surviving Sepsis Campaign Guideline Definitions of Sepsis (2) 

Sepsis SIRS + new/suspected infection 
 

Severe Sepsis Sepsis + sepsis-induced organ dysfunction 
 

Organ Dysfunction Sepsis-induced hypotension 
Lactate > normal laboratory results 
Urine output <0.5 mL/kg hr for >2 hrs, despite adequate 
fluid resuscitation 
ALI with PaO2/FIO2 <250 in the absence of pneumonia as 
infection source 
ALI with PaO2/FIO2 <200 in the presence of pneumonia as 
infection source 
Creatinine >176.8 mmol/L) 
Bilirubin >34.2 mmol/L) 
Platelet count >100,000/mm3 
Coagulopathy (INR>1.5) 
 

Septic Shock Severe sepsis + hypotension not revered by fluid 
resuscitation 

 
  

Exclusion criteria:  

 
• More than 48 hours from admission at time of consent. 
• Current or recent treatment with >40mg Simvastatin, > 40mg Atorvastatin  or > 80mg Fluvastatin, >     

10mg Rosuvastatin daily within 1 month. 
• known prior myositis. 
• creatinine kinase >10 times upper limit normal range* 
• transaminases (ALT/AST) >8 times upper limit of normal range* 
• severe renal impairment (creatinine clearance <30ml/min) not receiving renal replacement therapy 
• patients currently receiving ongoing and sustained treatment with any of the following: itraconazole, 

ketoconazole, HIV protease inhibitors, nefazodone, ciclosporine,  amiodarone,  verapamil or diltiazem. 
Fibric acid derivatives (except fenofibrate), danazol. 
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• A family history of muscular disorders. 
• Known HIV or hepatitis B/C infection. 
• Contraindication to enteral drug administration (either PO or Per NG) e.g. patients with mechanical 

bowel obstruction.  
• Known participation in other investigational medicinal product (IMP trials within 30 days). 
• Consent / relative or advocate assent declined. 
• Treatment withdrawal imminent within 24 hours. 
• Patients or those who do not adequately understand verbal or written information even with an 

interpreter. 
• Immunosuppression due to corticosteroid or other immunosuppressant use. 
 
*If CK, ALT or AST values are not available as part of routine care, a blood sample will be obtained after 
informed consent but before randomisation. CK, ALT and AST values may be obtained up to 48 hours prior to 
randomisation.  
 

Primary outcome measure:  

Change in neutrophil NETosis production at day 4 treatment with the drug or placebo. 

Secondary outcomes:  

1. Change in neutrophil migratory accuracy at Day 4 hours compared to Day 0 

2. Safety and tolerability of simvastatin in this patient group. 

3. Change in extracellular matrix degradation at Day 4 hours compared to Day 0. 

4. Mortality and re-admissions at 30, 180 and 365 days 

5. Sequential Organ Failure Assessment (SOFA) scores 

6. Intensive Care Unit (ITU) admissions 

7. ITU and hospital length of stay 

Safety and clinical assessments will be made at baseline, day 4 and day 7.  Neutrophil studies will be conducted 
at baseline and Day 4.  Note.  Data for Day 4 assessment will take place within a 5 hour window of the 
provision of the Day 4 CTIMP (simvastatin or placebo). 
 

Stopping criteria 

Patients may be discontinued from the study and assessments at any time, at the discretion of the 
investigator(s).   
Specific reasons for discontinuing a patient from this study are: 
1. Voluntary discontinuation by the patient, who is free at any time to discontinue participation in the 
study without prejudice to further treatment.  
2. Safety reasons as judged by the investigator. 
3. An intolerable adverse event, considered a drug-related (see section 4.6).  reaction to Simvastatin 
therapy.  Simvastatin is a well-tolerated medication that is used in millions of people globally to reduce 
cholesterol levels on the blood.  Adverse events on therapy are uncommon.  Subjects would be discontinued 
from the study if they experienced any intolerable adverse events which were considered drug related or if 
there were a significant change in baseline blood tests on therapy ( an increase  in liver function tests 
(Bilirubin, AST or ALP)  to >8 times upper limit normal or CK levels that were elevated >10 times the upper 
limit).   
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Patients who discontinue from the study should always be asked about the reason(s) for their discontinuation 
and about the presence of any adverse events.  Adverse events will be followed up and the patients General 
Practitioner will be informed. 
 

STUDY PROCEDURES  

INFORMED CONSENT PROCEDURE  

The study will be conducted in accordance with the ethical principles that have their origin in the Declaration 
of Helsinki. Eligible patients may only be included in the trial after obtaining written informed consent. 
Informed consent must be obtained prior to conducting any trial specific procedures and the process for 
obtaining informed consent must be documented in the patient’s medical records. Similar consent 
mechanisms have been used successfully in other trials in similar populations(13). 
 
Personal Legal Representative (PerLR) Consent  

Informed consent will be sought from the patient’s PerLR who may be a relative, partner or close friend. The 
PerLR will be informed about the trial by the responsible clinician or a member of the research team and they 
will be provided with a copy of the Covering Statement for the PerLR with an attached Participant Information 
Sheet (PIS) and asked to give an opinion as to whether the patient would object to taking part in such medical 
research. If the PerLR decides that the patient would have no objection to participating in the trial they will be 
asked to sign two copies of the PerLR Consent Form, which will then be countersigned by the person taking 
consent. A copy of the signed informed consent form will be placed in the patients‟ medical records, whilst the 
originals will be retained by the PerLR and by the PI in the Investigator Site File (ISF). 
 
Professional Legal Representative (ProfLR) Consent  

If the patient is unable to give informed consent and no PerLR is immediately available, a senior doctor 
(consultant or registrar) who is not connected with the conduct of the trial may act as a ProfLR. Due to the 
rapidly evolving nature of the sepsis syndrome and in recognition of the need for early preventative 
treatments, we aim to start the trial drug as soon as possible after hospital admission. If patient’s relatives are 
not present or unlikely to be available within 1 hour to discuss consent following successful screening, ProfLR 
consent will be obtained.  The doctor will be informed about the trial by the responsible clinician or a member 
of the research team and given a copy of the PIS. If the doctor decides that the patient is suitable for entry into 
the trial they will be asked to sign two copies of the ProfLR Consent Form. A copy of the signed informed 
consent form will be placed in the patients‟ medical records, whilst the originals will be retained by the doctor 
ProfLR and by the PI in the ISF. 
 
Retrospective Patient Consent  

Patients will be informed of their participation in the trial by the responsible clinician or a member of the 
research team once they regain capacity to understand the details of the trial. The responsible clinician or a 
member of the research team will discuss the study with the patient and the patient will be given a copy of the 
PIS to keep. The patient will be asked for consent to participate in the trial and to sign two copies of the 
Consent to Continue Form, which will then be countersigned by the person taking consent. A copy of the 
signed Consent Form will be placed in the patient’s medical records whilst the originals will be retained by the 
patient and by the PI in the ISF. Where consent to continue is not obtained, consent from the legal 
representative will remain valid. If the patient refuses consent, data collected about the patient will not be 
entered into the analysis. 
 
Withdrawal of Consent  

Patients may withdraw or be withdrawn (by PerLR or ProfLR) from the trial at any time without prejudice. Data 
recorded up to the point of withdrawal will be included in the trial analysis, unless consent to use their data 

E15



has also been withdrawn. If a patient or legal representative requests termination of the trial drug during the 
treatment period, the drug will be stopped but the patient will continue to be followed-up as part of the trial. 
If a patient or a PerLR withdraws consent during trial treatment, the trial drug will be stopped but permission 
will be sought to access medical records for data related to the trial. If a patient or PerLR wishes to withdraw 
from the trial after completion of trial treatment, permission to access medical records for trial data will be 
sought. 
 

DATA MANAGEMENT 

   

Data will be collected on Case Report forms (CRFs) designed by the research team.  
Data up until hospital discharge will be recorded in each subject’s Case Report Form by the research team.  
Submitted data will be anonymised and reviewed for completeness before entering onto the database. Data 
will be stored securely against unauthorised access and accidental loss.  All essential documents and trial 
records will be archived in conformance with the applicable regulatory requirements and access to these 
archives will be restricted to authorised personnel.  Data Collected will include demographic details, as well as 
physiological and ventilatory variables that will act as indicators of disease severity.  
 

   

Data from the study will be held on a bespoke database.  Linked anonymised data will be single entered in to 
the database. The database will be stored securely on a password protected computer at the University of 
Birmingham.  The database will be checked for accuracy and then locked prior to unblinding and analysis.  Trial 
data will be archived for 20 years after the completion of the trial. It will initially be stored within locked filing 
cabinets within locked rooms at the Centre for Translational Inflammation research, University of Birmingham. 
Following all analysis, the data may be moved to a secure off-site archive. 
 
Definition of the end of the study  

The end of the study will be defined as the date of the final day of the final participant undergoing follow-up 
 
Annual Progress Reports will be sent to the main REC and to the sponsor on the anniversary date on the REC 
“favourable opinion” letter.  
 

EXPERIMENTAL SAMPLE COLLECTION AND ANALYSIS  

Up to 60ml of blood will be taken from the patient as specified in the schedule. 
Laboratory Methods 
Neutrophil methods: Neutrophils will be extracted from blood using a Percoll (Sigma-Aldrich) density gradient 
that yields preparations that are 95% pure and 95% viable by cytopsin and propidium iodide staining.  
 
NET production: In separate experiments isolated neutrophils will also undergo immunofluorescent staining of 
their nuclei and subsequently be stimulated to produce NETs using PMA and fMLP, which will be assessed by 
fluorescence videomicroscopy.  
Chemotaxis assays: Isolated neutrophils are placed over a modified Dunn chamber in a chemotactic shallow 
gradient.  The chamber allows direct viewing of the pathway and speed of migrating cells and establishment of 
a linear steady state chemokine gradient. Medium alone or medium containing the appropriate concentration 
of chemoattractant to be assessed is then placed in the slide system and migration of neutrophils is recorded 
with a time lapse video-microscopy. Function will be assessed by measuring their chemotactic ability against 
IL-8.  
Markers of tissue degradation/ NE activity, will be measured as per published protocols. 
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Inflammation.  Systemic inflammation will be assessed by a commercially available multi-plex ELISA as per 
manufacturer guidelines. 

PHARMACOVIGILANCE  

Timely, accurate and complete reporting and analysis of safety information from clinical trials is crucial for the 
protection of patients and are mandated by regulatory agencies. 

Definition of Adverse Events 

The EU Clinical Trials Directive 2001/20 provides the definitions in Table 4. 
 
Table 4:  Terms and Definitions for Adverse Events 
 

Term  Definition  
Adverse Event (AE)  Any untoward medical occurrence in a patient or clinical trial 

subject administered a medicinal product and which does not 
necessarily have a causal relationship with this treatment. 

Adverse Reaction (AR)  All untoward and unintended responses to an investigational 
medicinal product related to any dose administered 

Unexpected Adverse Reaction  
(UAR)  

An adverse reaction, the nature or severity of which is not 
consistent with the applicable product information (e.g. 
investigator’s brochure for an unauthorised investigational product 
or summary of product characteristics for an authorised product).  

Serious Adverse Event (SAE)  
 
Serious Adverse Reaction 
(SAR) 
  
Suspected Unexpected Serious 
Adverse Reaction (SUSAR)  

Respectively, any adverse event, adverse reaction or unexpected 
adverse reaction that:  
 
a) results in death; b) is life-threatening; c) requires hospitalisation 
or prolongation of existing hospitalisation; d) results in persistent 
or significant disability or incapacity; e) is a congenital anomaly or 
birth defect; f) is any other important medical event(s) that carries 
a real, not hypothetical, risk of one of the outcomes above  

 

Assessment of Causality 

Each AE should be clinically assessed for causality based on the information available, i.e. the relationship of 
the AE to the study drug.  For the purposes of this trial the causality should be assessed using the categories 
presented below.  Drug related AEs are defined as those considered by the PI to have a possible, probable or 
definite relationship to the study drug.  The PI at each site will evaluate all AE’s for causality using the following 
guide: 
 

• Unrelated – clinical event with an incompatible time relationship to study drug administration, and that could 
be explained by underlying disease, or other drugs or chemicals 

• Unlikely – clinical event whose time relationship to study drug administration makes a causal connection 
improbable, but that could plausibly be explained by underlying disease or other drugs or chemicals 

• Possible – clinical event with reasonable time relationship to study drug administration, but that could also be 
explained by concurrent disease or other drugs or chemicals 

• Probable – clinical event with a reasonable time relationship to study drug administration, and is unlikely to be 
attributed to concurrent disease or other drugs or chemicals 

• Definite – clinical event with plausible time relationship to study drug administration, and that cannot be 
explained by concurrent disease or other drugs or chemicals 
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Notification and Reporting of Adverse Events or Reactions  

All SAEs irrespective of the causal relationship with the trial medications will be reported to the Sponsor within 
24 hours of awareness by the investigator.  
 

Notification and Reporting of Serious Adverse Events / SUSAR  

As the IMPs used in this project are licensed in the UK, the expected SARs (outlined in the SmPC) will be 
recorded in the CRF. All SAEs irrespective of the causal relationship with the trial medications will be reported 
to the Sponsor within 24 hours of awareness by the investigator.  
 
All SAEs will be recorded in the CRF and on the sponsor SAE form and reported to the JRO within 24 hours of 
the PI or co-investigators becoming aware of the event. The co-investigators listed in this protocol will be 
authorized to sign the SAE forms in the absence of the PI. SUSARs arising during the trial will be reported to 
the JRO and the main REC within one working day of the PI or co-investigator becoming aware of the event.  
 
Procedures for reporting Blinded SUSAR  
The allocation of any study participant experiencing a suspected SUSAR will be unblinded according to the Trial 
Standard Operating Procedure for emergency code breaking, and reported to the Sponsor. If allocation is to 
vitamin D, the sponsor will report the SUSAR to the MHRA. 
 
Expected SAEs/ SARs and non-reportable events  
Expected SAEs / SARs and non-reportable events will be recorded in subjects’ case report forms. 
  
REGULATIONS, ETHICS AND GOVERNANCE 
 
The trial will comply with the principles of GCP, the requirements and standards set out by the EU Directive 
2001/20/EC and the applicable regulatory requirements in the UK, the Medicines for Human Use (Clinical 
Trials) Regulations 2004 and subsequent amendments, the European Communities (Clinical Trials on Medicinal 
Products For Human Use) Regulations, 2004 and subsequent amendments. 
 
ETHICAL CONSIDERATIONS 

Regulatory and Ethical Approvals 

The trial will be conducted in accordance with the ethical principles that have their origin in the Declaration of 
Helsinki.  The protocol will be approved by a Local Research Ethics Committee (LREC) for UK sites.  The trial will 
be conducted in accordance with the EU Directive 2001/20/EC and adhere to the appropriate regulatory 
requirements in each jurisdiction.  A CTA will be obtained from the MHRA and IMB before the start of the trial.  
The trial will be registered with the European Union Drug Regulating Authorities Clinical Trials (EudraCT) 
database.  The trial will be registered with the UK National Institute for Health Research (NIHR) Clinical 
Research Portfolio.  In order that the trial remains on the NIHR Portfolio and receives the appropriate level of 
support through the relevant Local Research Network, accrual data on patient recruitment will be forwarded 
to the UK Clinical Research Network (UKCRN) Co-ordinating Centre on an annual basis. 

Protocol Compliance 

The investigators will conduct the study in compliance with the protocol given approval/favourable opinion by 
the Ethics Committee and the appropriate regulatory authority.  Changes to the protocol will require 
competent authority/ethics committee approval/favourable opinion prior to implementation, except when 
modification is needed to eliminate an immediate hazard(s) to patients.   
Any amendments to the final protocol will be clearly documented and forwarded to the Research Ethics 
Committee for approval prior to implementation 
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Indemnity  

The University of Birmingham has in force a Public Liability Policy and/or Clinical Trials policy which provides 
cover for claims for "negligent harm" and the activities here are included within that coverage. The research 
will take place at NHS Trust sites only and the usual indemnity through provided through NHS schemes and 
professional indemnity will also apply. 
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