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ABSTRACT

Introduction:

Lung cancer screening in individuals at risk has been recommended by various scientific
institutions. One of the main concerns for CT screening is repeated radiation exposure, with the risk
of inducing malignancies in healthy individuals. Therefore, lowering the radiation dose is one of the
main objectives for radiologists. The aim of this study is to demonstrate that an ultra-low dose
(ULD) chest CT protocol, using recently introduced hybrid iterative reconstruction (ASiR-V, GE
medical Healthcare, Milwaukee, WI, USA), is as performant as a standard “low dose” (LD) CT to
detect non calcified lung nodules > 4mm.

Methods and analysis:

The total number of patients to include is 150. Those are referred for non-enhanced chest CT for
detection or follow-up of lung nodule and will undergo an additional unenhanced ULD CT
acquisition, the dose of which is on average 10 times lower than the conventional LD acquisition.
Total dose of the entire exam (LD + ULD) is lower than the French diagnostic reference level for a
chest CT (6.65 milliSievert). ULD CT images will be reconstructed with 50% and 100% ASIR-V,
and LD CT with 50%. The 3 sets of images will be read in random order by two pair of radiologists,
in a blind test, where patient identification and study outcomes are concealed. Detection rate
(sensitivity) is the primary outcome. Secondary outcomes will include concordance of nodule
characteristics; inter-observer reproducibility; influence of subjects’ characteristics, nodule location,
and nodule size; and concordance of emphysema, coronary calcifications evaluated by visual
scoring and bronchial alterations between LD and ULD CT. In case of discordance, a third
radiologist will arbitrate.

Ethics and dissemination:

The study was approved by the relevant ethical committee. Each study participant will sign an
informed consent form.

Trial registration number: Clinicaltrials.gov NCT03305978
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ARTICLE SUMMARY:
STRENGTHS AND LIMITATIONS OF THIS STUDY
- We will evaluate the sensitivity of an ultra-low dose CT, delivering 10 times less radiation
than conventional low-dose CT, to detect lung nodules, in a French population of 150
patients referred for lung nodule check-up or follow-up.
- We will use a recently introduced hybrid iterative reconstruction (ASiR-V) and different
levels of ASIR-V will be assessed
- Nodules characteristics will be analyzed in particular the diagnosis of intrapulmonary lymph
node, which is a benign lesion.
- Patients with morbid obesity (BMI>35) will not be included as image quality of ultra-low
dose CT is not acceptable for those morphotypes.
- Readers will be aware of the type of CT acquisition (LD and ULD) and reconstruction,

because they are easily recognizable due to the different level of image noise.
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INTRODUCTION

Lung cancer is the deadliest cancer in the world (1), mainly due to the fact that it is often diagnosed
at advanced stages that are not surgically curable. The current challenge is therefore to detect lung
cancer at early asymptomatic stages. Risk factors such as smoking and occupational exposure
(mainly asbestos, silica, arsenic, chromium, iron, coal, ionising radiation) are well known and
enable to define the target population for such programs.

The National Lung Screening Trial (NLST) was the first study to show that a low dose (LD)
(average effective dose of 1.5mSv) computed tomography (CT) lung cancer screening reduced
specific death by 20% (95% CI, 6.8 to 26.7; P=0.004) as compared with chest X Ray (CXR)
screening (single-view posteroanterior) in actual or former smokers (>30 pack years) patients
between 55 and 74 years old (2).

Other lung cancer screening studies are still in progress in Europe, such as the NELSON study in
Belgium and the Netherlands, the results of which are expected to be reported soon (3)

However, the drawback of using LD CT at such doses (<1.5 millisievert (mSv)) is that even though
irradiating less than standard chest CT, the radiation exposure is still on average 10 times higher
than a 2 views CXR, and may be a risk for induced malignancies in itself. (4)

In this context, great efforts are currently being made by CT manufacturers to reduce the dose and
maintain diagnostic quality. Technologies such as automated exposure control, lower tube current
and iterative reconstruction (5), were recently introduced, enabling further dose decrease for chest
CTs, and the concept of “ultra-low dose (ULD) CT” (or submillisievert CT), which delivers a
radiation dose approaching that of 2 CXR views at the cost of a slight deterioration of the image
quality (6) . Among these technological advances, the most significant is probably the new iterative
reconstruction whether full iterative or hybrid. (7,8,9,10)

Promising results have been published for lung nodule detection with ULD CT (11,12,13).
However, these studies were conducted on Asian populations, which may have different

morphotypes compared to Caucasian populations.
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Huber and al. performed a phantom study comparing standard, LD and ULD CT for detection of
pulmonary nodules. When compared to standard CT, the detection rate was 95.5% for LD CT (1.76
mSv), and 93.3% for ULD CT (0.13mSv), increasing at 97.5% when adding computer aided
diagnosis and maximal intensity projection (14).

Since we started to design our study protocol, Messerli and al. published a study including 202
patients referred for any clinically indicated chest CT. 91.2% nodules were detected using ULD CT
(0.134/-0.01mSv) as compared to LD CT (1.8 +0.7 mSv). Sensitivity was significantly higher for
larger nodule diameter, lower BMI patients, lower image noise and for solid and calcified nodules
(15).

Neroladaki and al. showed the same number of detected nodules between an ULD acquisition
(0.16£0.006mSv) with iterative reconstruction and a standard dose filtered back projection
acquisition (11.2+2.7mSv), and more nodules detected with model based iterative reconstruction
(MBIR) than adaptive statistical iterative reconstruction (ASIR) (16). MBIR is known to better
minimize image noise compared to ASIR : Ichikawa and al found a significantly lower image noise
with LD (1.6 = 0.8 mSv) MBIR CT (11.6 = 1.0 Hounsfield units (HU)) than with LD ASIR CT
(21.1 £ 2.6 HU, p < 0.0005), a slightly better image quality score for decreased lung attenuation
lesion, and no difference in image quality scores for consolidation or mass, ground-glass
attenuation, or reticular opacity with MBIR compared to ASIR LD CT (8). But MBIR may slightly
deteriorate lesion margin (9), and significantly increases reconstruction time, taking more than 30
minutes, when patients lie less than 10 minutes in the machine. ASIR-V is the latest generation of
hybrid iterative reconstruction (GE medical Healthcare, Milwaukee, WI). It combines ASIR and
MBIR and enables a better noise reduction than ASIR, with a processing time of only few minutes,

suitable to a routine chest CT session (17).

According to the ALARA (as low as reasonably achievable) principle, we hope to validate our ULD

chest CT protocol (<0.2mSv), the dose of which is 10 times lower than a usual LD CT, as a
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sensitive tool to detect lung nodules. Thus, this ULD CT acquisition could be generalized for lung
nodules detection and would consolidate the setup of lung cancer screening programs. Also, this
would allow the generalization of ULD protocols, for radiation sensitive populations (children and

young adults in particular).

METHODS AND ANALYSIS

Study design and objectives

The objectives of this study are to evaluate the performance of ULD CT for the detection of lung
nodules, and the evaluation of nodule characteristics in comparison to LD CT. Furthermore, as
smoking is a common risk factor, performance for the detection of cardiac and respiratory
associated diseases (bronchial abnormalities, emphysema, coronary calcifications) is also evaluated.
An additional ULD CT is performed in patients referred for non-enhanced chest CT for lung
nodules check-up or follow-up. The dose delivered with both acquisitions is still lower than the
French diagnostic reference level (6.65mSv). We chose to only include nodules > 4mm as the
incidence of cancer is very low below this threshold, and are not currently considered as clinically
significant (18). A 4 mm threshold was also used for the NLST study (2). In addition, fully calcified
nodules are excluded from the analysis because they are constantly benign and easily detected.

We will study nodule subtypes (solid, part-solid and pure ground-glass) and size. Furthermore we
will evaluate the performance of ULD CT to diagnose intrapulmonary lymph nodes, which are
benign nodules not needing follow up (19), and were not analyzed in previous ULD CT studies.
This trial sponsored by the Grenoble-Alpes University Hospital (CHUGA, France) is designed as a
monocentric, prospective, non-randomized study in which the patient is his own control. All
outcomes are evaluated by blinded double reading. Patient enrollment started in October 2017 and
is expected to be completed in September 2018. Figure 1 summarizes the process of inclusion,
intervention and reading, described in detail below.

Primary outcome
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Detection rate (sensitivity) of lung nodules in ULD chest CT using the conventional chest LD CT as
gold-standard.

Secondary outcomes

1) Diagnostic criteria: true positive (TP), false positive (FP), true negative (TN), false negative
(FN), positive predictive value (PPV), negative predictive value (NPV), Specificity (Sp) of ULD
CT

2) Concordance of nodule’s size, subtype, and diagnosis of typical intrapulmonary lymph node
among lung nodules between ULD and LD CT

3) Inter-observer reproducibility for size, subtype and diagnosis of lung nodules in ULD CT

4) Influence of subjects characteristics (age, sex, BMI), nodule location, and nodule size on lung
nodule detection with ULD CT

5) Concordance of emphysema detection, type and distribution between ULD and LD CT

6) Concordance of Weston score of coronary calcifications between ULD and LD CT

7) Concordance of visual assessment of bronchial thickening, mucoid impaction or dilatation

between ULD and LD CT

Eligibility Criteria
Inclusion criteria
e aged 18 years or older

e referred for non-enhanced chest CT for the following indications:

lung nodule check-up or follow-up

- nodular abnormality on chest X ray

- morphologic assessment of chronic obstructive pulmonary disease (COPD) or
emphysema

- asbestos exposure

- assessment before lung radio frequency ablation
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- assessment of disease extent of an extra thoracic cancer (in case of iodinated
intravenous contrast agent contraindication)
- Check-up before extra-thoracic transplantation (in case of iodinated intravenous
contrast agent contraindication).
Exclusion criteria
e Inability to lie down and stay still during the examination
¢ Inability to hold breath for more than 5 seconds
e Pneumonia in the last 3 months
¢ Body mass index (BMI) more than 35kg/m?

e Pregnant or breastfeeding women

CT scan acquisitions and reconstructions

The LD and ULD acquisitions are performed on the Revolution CT scanner (GE medical
Healthcare, Milwaukee, WI, USA) equipped with the third generation ASIR-V iterative
reconstruction. Acquisitions are performed successively in the same CT exam, in the supine
position and at suspended full inspiration. Both acquisitions cover the same pulmonary fields from
the apex to the costo-diaphragmatic angle, determined on the scout views (2 views).

The LD acquisition is the reference exam for the diagnosis of pulmonary nodules. The acquisition
parameters are: spiral CT scanning; 120kVp; automatic modulation of 3D radiation dose (“Smart
mA”+ Organ Dose Modulation) with lower bound 100mA, maximal bound 200mA and noise index
10; rotation time: 0.35sec ; modulation 35-70 mAs; pitch = 0.992 :1 and collimation: 80mm. The
radiation dose, CTDIvol (volume CT dose index) and DLP (Dose Length Product = CTDIvol x
length of exposure) may vary depending on patient attenuation and length of the acquisition. The

expected DLP is between 70 and 200mGy.cm (0.98mSv to 2.8mSv) (the effective dose is calculated

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb AQg 20z ‘02 yoseN uo jwod fwg-uadolwg//:dny wolj papeojumod "6T0Z 1ISNBNY GT U0 T99520-8T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rING


http://bmjopen.bmj.com/

oNOYULT D WN =

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

BMJ Open

by multiplying DLP by a thoracic conversion factor of 0.014 (20)), for an average DLP of
100mGy.cm.

The ULD CT acquisition parameters are: spiral CT scanning; 120kVp; fixed tube current of 10mA;
rotation time: 0.35s; 3.5 mAs; pitch: 0.992 :1, collimation: 80mm. These parameters are fixed for all
patients. The CTDIvol is constant at 0.24mGy. The DLP will depend only on the length of the
acquired chest, different for each patient, expected around 10mGy.cm (0.14mSv). The modulation
of the mA is deactivated to allow a very low tube current and therefore an ULD acquisition. The
ULD acquisition increases the exam time by up to two minutes.

The reconstruction parameters are identical for both acquisitions: slice thickness: 1.25mm; standard
filter and lung filter; contiguous 8-mm thickness Maximal Intensity projection (MIP)
reconstruction, and iterative reconstruction with different percentages. We use ASIR-V in our study
which is the latest generation of iterative reconstruction techniques. It blends hybrid iterative
reconstruction and standard filtered back projection. The percentage of ASIR-V represents the
amount of iterative reconstruction, from 0% (filtered back projection only) to 100% iterative
reconstruction, which modifies image noise and texture. When designing our study, ASIR-V was
not yet studied for chest CT. The CT vendor engineers suggested an empirical percentage between
40 up to 100%, depending on radiologist practice and preferences. We decided to test percentages
of iterative reconstruction of 50% and 100%. The LD CT images are reconstructed with 50% ASIR-
V (LD) and the ULD CT images with 50% (ULD50) and 100% (ULD100) ASIR-V.

The statistical analyses will be performed twice: with ULD50 and ULD100.

Concerning the additional radiation for included patients, our ULD CT protocol has an expected
effective dose between 0.10 and 0.20 mSv, which is about 6 to 20 times lower than the LD protocol
(which is the usual dose in our institution for this indication), similar to a 2-views CXR, and to 30
days of natural radiation (21). Moreover, total dose of the entire exam (around 1.1 to 3 mSv) is

lower than French diagnostic reference level of 6.65mSv.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 31

yBuAdoo Aq parosiold 1senb AQg 20z ‘02 yoseN uo jwod fwg-uadolwg//:dny wolj papeojumod "6T0Z 1ISNBNY GT U0 T99520-8T0Z-Uadolwa/9eTT 0T Se paysiignd 1say :uado rING


http://bmjopen.bmj.com/

Page 11 of 31

1
5 248
3
4 249
5
6 250
7
8 251
9
10 252
11
12
13 253
14
15 254
16
17 255
18
19 256
20
21 257
22
23 258
24
25
% 259
27
28 260
29
30 261
31
32 262
33
34 263
35
36 264
37
38

265
39
40
41 266
42
43 267
44
45 268
46
47 269
48
49 270
50
51
s 271
>3 272
54
55
56 273
57
58
59

BMJ Open

Recruitment and intervention

Patients included in the study are those referred for a diagnostic chest CT without contrast media
injection. On the day of the CT scan, a radiologist checks the eligibility criteria for the study, and
informs the patient who signs a participation consent form if he accepts to join the study. The
radiologist then collects the following parameters: height, weight, history of oncology, cardio-
respiratory pathology and exposure to smoking. The patient then undergoes the standard diagnostic
LD CT acquisition followed by the ULD acquisition. If, however, the dose of the LD acquisition is
greater than 6.65mSv, the ULD acquisition is not performed and the patient is excluded from the
data analysis. The patient's participation in the study is completed once he leaves the examination
room.

The CT images of the LD acquisition are analysed by the radiologist who gives his medical report
for the patient's medical management. If the number of nodules > 4 mm identified on this
acquisition is >6 in one lung, the patient will be excluded from the data analysis because the

analysis of the outcomes will be too complicated to implement.

Patient and Public Involvement

Patients or public were not directly involved in the development of the research question. However,
lowering the radiation dose is a rising concern for the patients and for public health. Patients were
also not directly involved in the design, the recruitment and the conduct of this study.

As a regular medical care, the report of the diagnostic LD CT is sent to the prescribing physician,
and to the patients at their request. According to French law, patients will be informed of the global

results of the study at their request.

Blind reading of outcomes
For LD, ULD50 and ULD100 reconstructions, 2 radiologists will independently read all the

radiological parameters. In order to limit the number of exams assessed by each reader, 4
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radiologists split into 2 pairs will participate in the blind reading. Each pair of radiologists (1 junior
and 1 senior radiologist) reads the three sets of images for the same patient in a random order.

The term “blind” means that radiologists have neither knowledge of the patient's identity nor access
to the results of diagnostic reading. To avoid patient identification, CT acquisitions are anonymized
by deleting in the DICOM fields: the name, age and date of birth of the patient; the date and time of
the examination and the name of the referring radiologist for the diagnosis. Each patient
reconstruction is identified by a random number that differs for each of the two readers.
Radiologists never read two series of the same patient consecutively.

Anonymized exams are periodically transmitted to a pair with at least 15 LD, 15 ULD50 and 15
ULDI100 reconstructions. The three patient reconstructions are not necessarily given the same day
to both radiologists. In addition, the order of presentation is not identical for the two radiologists.
The reading is performed on a diagnostic console (IMPAX software, 6.5.5.3502) (Agfa, Belgium)
using Barco MDNC-3121monitors (Barco, Courtrai, Belgium) and includes mediastinal and
parenchymal filter reconstructions for each acquisition. The radiologist is free to adapt the level and
width of the window to its reading practice (initial parenchymal window defined by a width of
1500UH and a level of -600UH), and to perform multiplanar reconstructions in the different plans
of space. The reading also includes the additional MIP reconstruction for each acquisition, in order
to sensitize the detection of nodules (22) (this type of reading from MIP series is performed in
clinical routine).

Radiologists identify nodules of longer diameter >4mm by locating them with the slice number and
the lobe. It is known that each lung has three lobes (right upper lobe, middle lobe, right lower lobe,
culmen, lingula, and left lower lobe). Each radiologist completes a reading grid for each
reconstruction.

The completed grids are given to a Clinical Research Assistant for data entry and identification of
discrepancies in identification of nodules between the two radiologists.

We consider that a nodule is the same between the two readers if:
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e it is located in the same lobe
e the slice number is identical at £ 5 slices (a nodule will be visible on several successive
slices)

e the longest diameter of nodule is the same at + 2mm (23)
If these criteria are not respected or if a radiologist identifies one or more nodules in addition to or
less than the second radiologist, a consensus with a third CHUGA senior thoracic radiologist with
27 years of experience is obtained. This third radiologist is not part of the reading pairs. The
consensus is made from anonymized reconstructions and the reconstructions of the same patient are
not processed successively.
Data monitoring
All data is monitored by Grenoble-Alpes University Hospital (trial sponsor), in order to verify that
for every patient enrolled there is a signed consent form and that the inclusion and exclusion criteria
are respected. In addition all data collected in the case report form of every enrolled patient are
verified.
Sample size
With a 90% power, to have a sensitivity of detection of nodules with the ULD CT to 90% with a
confidence interval to £10%, it would be necessary to analyze 124 nodules. According to a
retrospective analysis of patients with indication of pulmonary nodule CT made at CHUGA, out of
420 patients per year with this indication, 210 present pulmonary nodules with a total of about 400
nodules. It should therefore include about 140 patients to have 124 nodules to be analyzed.
Considering a 5% potential loss to follow-up or withdrawal of consent, the actual number of
subjects to include is 147 in total. To this are added three potential patients who could be
secondarily excluded from the study for a number of nodules >6 in one of the lungs. The total
number of patients to include is 150. The sample size calculations were carried out using R software

version 3.1.0 (library MKmisc, function power.diagnostic.test) (24, 25, 26).
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Statistical analysis

In this non-randomized study where each patient is his own control, the threshold p<0.05 will be
taken into account to define the significance of the statistical tests. Analyses will be carried out in
accordance with good statistical analysis practices after freezing of the database and will be carried
out with the software R (version > 3.1.0). If the missing data rate of the primary criterion is between
5% and 20%, the missing data for this criterion will be replaced. The replacement of the missing
data will be done, either according to a worst-case analysis strategy, by disfavoring the assumption
that one seeks to demonstrate, either by a multiple imputation method. In case of multiple
imputations, five imputations will be made, using a linear regression model taking into account the
following variables: age, sex, BMI, smoking habit.

The normality of the quantitative parameters will be determined by the Shapiro-Wilks test or by
graphical verification of the symmetry of the distribution. When the normality of the distribution of
such a parameter has been demonstrated, it will be described by its mean and its standard deviation.
Otherwise it will be described by its median, the 25th and the 75th percentile. The qualitative
parameters will be expressed in number and percentage.

For the main objective, the sensitivity of the ULD CT (compared to the LD CT) for the detection of
nodules will be calculated and accompanied by a 95% confidence interval. For secondary objective
1, the number of TP, FP, TN, FN, PPV, NPV and Sp of the ULD CT (compared to LD CT) will be
calculated. For secondary objectives 2, 5, 6 and 7, the concordance of the qualitative variables will
be evaluated using the kappa coefficient. The concordance of the quantitative variables will be
evaluated using Lin's concordance coefficient. For each coefficient, the 95% confidence interval
will be given. For secondary objective 3, inter-observer reproducibility for qualitative variables will
be evaluated using the kappa coefficient. It will be evaluated, for the quantitative variables, using
the ICC (intra class coefficient). For each coefficient, the 95% confidence interval will be given.
For secondary objective 4, a logistic regression model will be implemented. The variable to be

explained will be the result of detecting each nodule in ULD CT compared to the LD CT (0 = good
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detection / 1 = bad detection). The explanatory variables will be the age, sex and BMI of the patient,
the location (lobe) and the size of the nodule. The size of the nodule can be used as a qualitative
variable (<Smm, 5-10mm,> 10mm).

An interim analysis including the analysis of the primary endpoint will be performed after inclusion
of the first 50 patients. This interim analysis will aim to: decide whether to continue or stop the
study for futility and readjust the number of patients if necessary (if the characteristics of the
patients included do not correspond to those initially planned (too many patients without nodules >4
mm)). In order to maintain an overall threshold of 5% in the final analysis, the interim analysis will
be carried out with a threshold of 0.1%. The results of the interim analysis will be taken into
account by the steering committee to propose modifications to the analysis plan. For this interim

analysis, data from the confrontation between the two radiologists will be used.

Limitations

First limitation of our protocol is that we do not have a true screening population because there is no
organized lung cancer screening program in our country yet. Therefore, our study population
corresponds to patients routinely referred for lung nodule checkup or follow up instead of a risk-
factor based population.

Another limitation is that ULD CT is easily recognizable as the image noise is increased as
compared to LD CT, as well as ULD 50 and ULD 100 are possible to distinguish for an experienced
radiologist. As a consequence, readers were not blinded for these, but for patient name, sex, age,
clinical status, and CT report.

Recall bias is limited by a randomized order of presentation and cutting into several reading
sessions.

Although we wanted to have a “western population”, we decided not to include obese patients with
a BMI>35, because ULD CT are of poorer quality, due to the need of more radiation-exposure to

produce acceptable images. Vardhanabhuti and al. recently found a loss of nodule detection with
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iterative reconstructed CT scanners at an effective dose of 0.14+0.01mSv for obese patients with
BMI>38 (27).

We decided to test percentage of 50 and 100% of ASIR-V. Tang and al. tested ASIR-V from 10 to
100% in non-enhanced chest and showed ASIR-V has greater potential in reducing image noise and
artifacts and maintaining image sharpness when compared to ASIR, and 60% ASIR-V had the
highest image quality combining both the objective and subjective evaluation of images (28). This
finding, although occurring after the design of our study is close to our chosen 50% level of ASIR-

V.
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FIGURE 1 legend:

Study Flow chart. ASIR-V ©, adaptive statistical iterative reconstruction-Véo (GE medical
Healthcare, Milwaukee, WI, USA); CT, computed tomography; LD, low dose; LD50, low
dose CT with 50% ASIR-V reconstruction; ULD, ultra-low dose; ULD50, ultra-low dose
CT with 50% ASIR-V reconstruction, ULD 100, ultra-low dose CT with 100% ASIR-V

reconstruction

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 31

yBuAdoo Aq parosiold 1sanb Ag 20z ‘02 UdseiN uo /wod fwg uadolwg//:dny wolj papeojumod "6T0Z 1ISNBNY GT U0 T99520-8T0Z-uUadolwa/9eTT 0T Se paysiignd 1say :uado rING


http://bmjopen.bmj.com/

Page 23 of 31

oNOYTULT D WN =

BMJ Open

Figure 1
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Study Flow chart. ASIR-V ®, adaptive statistical iterative reconstruction-Véo (GE medical Healthcare,
Milwaukee, WI, USA); CT, computed tomography; LD, low dose; LD50, low dose CT with 50% ASIR-V
reconstruction; ULD, ultra-low dose; ULD50, ultra-low dose CT with 50% ASIR-V reconstruction, ULD 100,
ultra-low dose CT with 100% ASIR-V reconstruction.
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Trial registration data set :

Primary registry and trial identifying
number

Date of registration in primary
registry

Secondary identifying numbers

Source(s) of monetary or material
support

Primary sponsor

Secondary sponsor(s)
Contact for public queries
Contact for scientific queries

Public title

Scientific title

Country of recruitment

Health condition(s) or problem(s)
studied

Intervention(s)

Key inclusion and exclusion criteria

BMJ Open

ClinicalTrials.gov
NCT03305978

September 26, 2017
38RC17.132
University Hospital, Grenoble

University Hospital, Grenoble

French Thoracic Imaging Society

Emilie CHIPON, PhD, +33476767313, echipon@chu-grenaoble.fr
Gilbert FERRETTI, MD PhD, +3376767313, gferretti@chu-grenoble.fr

Pulmonary Nodule Detection; Comparison of an Ultra Low Dose vs Standard

Scan.

Detection of Pulmonary Nodules: Comparison of Ultra-low-dose Chest CT
(Approaching a Two Views Chest X-ray Radiation) and Standard Low Dose

CT. A Monocentric, Prospective, Non-randomized, Comparative, Open-label

Study With Blind Reading of the Judgment Criteria
France

Lung cancer screening, radiation exposure

Device: Ultra low dose chest CT

An additional ultra low dose CT row is performed for every subject besides
standard diagnostic low dose chest CT.

Other Name: Revolution CT (GE Healthcare) 442507CNO, equiped with
ASIR V

Device: Low dose chest CT
standard diagnostic low dose chest CT
Other Name: Revolution CT (GE Healthcare)

Ages eligible for study: >18 years
Sexes eligible for study: both
Accepts healthy volunteers: no

Inclusion criteria :
Patients referred for non enhanced chest CT for following indications :
- lung nodule search or control
- nodular abnormality on chest X ray
- statement of COPD or emphysema
- asbestos exposure
- nodule localization before radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of
iodinated intravenous contrast agent contraindication)
- statement before extrathoracic transplantation (in case of iodinated
intravenous contrast agent contraindication)
Affiliated with the french social security
Who signed consent

Exclusion criteria :

Inability to lie down and stay still during the examination
Inability to hold breath more than 5 seconds

Pneumonia in the last 3 months

Body mass index more than 35kg/m?

exclusion period of another interventionnal study
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Study type

Date of first enrolment
Target sample size
Recruitment status

Primary outcome(s)

Key secondary outcomes

Ethics Review

BMJ Open

referred for articles L1121-5 to L1121-8 of french public health code
Pregnant or breastfeeding women

Interventional

Allocation: Non-Randomized
Intervention Model: Sequential Assignment

Intervention Model Description: Major Patient Addressed for Thoracic CT

without Injection of Contrast
Masking: Single (Outcomes Assessor)
Masking Description: blinding evaluation of criteria

Primary purpose: diagnostic
October 3, 2017

150

Recruiting

Ultra low dose CT lung nodule detection sensibility [ Time Frame: 22

months ]

Detection rate (%) of >4mm lung nodules in ultra low dose chest CT versus
standard low

Ultra low dose CT diagnostic performances of lung nodule detection
[ Time Frame: 22 months ] :true positives, false positives, true
negatives, false negatives, positive predictive value, negative
predictive value, specificity, of >4mm lung nodules detection within
ultra low dose chest CT versus standard low dose chest CT
Concordance of >4mm lung nodules characteristics between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of size, density, type (true nodule or intrapulmonary
ganglion) of >4mm lung nodule between ultra low dose and standard
low dose chest CT

Ultra low dose CT inter-observer reproducibility [ Time Frame: 22
months ] : inter observer reproducibility for size, density and type of
>4mm lung nodule detected in ultra low dose CT

Influence of subjects characteristics, nodule location, and nodule
size on detection between ultra low dose and standard low dose
chest CT [ Time Frame: 22 months ] : analysis of subjects
characteristics (age, gender, body mass index), >4mm nodule
location, and >4 mm nodule size on detection between ultra low
dose and standard low dose chest CT

Concordance of emphysema characteristics between ultra low dose
and standard low dose chest CT [ Time Frame: 22 months ] :
comparison of emphysema detection, type (centrilobular, paraseptal,
panlobular, bullous) and distribution between ultra low dose and
standard low dose chest CT

Concordance of coronary calcification detection and quantification
between ultra low dose and standard low dose chest CT

[ Time Frame: 22 months ] : Comparison of Weston scores between
ultra low dose and standard low dose chest CT

Concordance of bronchial abnormalities evaluation between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of detection of bronchial thickening or dilatation
between ultra low dose and standard low dose chest CT

approved by the relevant ethical committee (Comité de Protection des
Personnes, CPP Sud-Est VI, France, CPP Reference: AU1342), on July 7,

2017
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.
Ann Intern Med. 2013;158(3):200-207

Page
Reporting ltem Number
Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name 4
of intended registry
Trial registration: #2b  All items from the World Health Organization Trial 17
data set Registration Data Set
Protocol version #3 Date and version identifier 18
Funding #4 Sources and types of financial, material, and other support 16
Roles and #5a Names, affiliations, and roles of protocol contributors 1;16
responsibilities:
contributorship
Roles and #5b  Name and contact information for the trial sponsor 2

responsibilities:
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sponsor contact
information

Roles and
responsibilities:
sponsor and funder

Roles and
responsibilities:
committees

Background and
rationale

Background and
rationale: choice of
comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:
description

#5c

#5d

#6a

#6b

#7

#8

#9

#10

#11a

BMJ Open

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have
ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating
centre, steering committee, endpoint adjudication
committee, data management team, and other individuals or
groups overseeing the trial, if applicable (see Item 21a for
data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant studies
(published and unpublished) examining benefits and harms
for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,
exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be
obtained

Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will
perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered
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Interventions:
modifications

Interventions:

adherance

Interventions:
concomitant care

Outcomes

Participant timeline

Sample size

Recruitment

BMJ Open

#11b Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving / worsening disease)

#11c Strategies to improve adherence to intervention protocols,
and any procedures for monitoring adherence (eg, drug
tablet return; laboratory tests)

#11d Relevant concomitant care and interventions that are
permitted or prohibited during the trial

#12 Primary, secondary, and other outcomes, including the
specific measurement variable (eg, systolic blood pressure),
analysis metric (eg, change from baseline, final value, time
to event), method of aggregation (eg, median, proportion),
and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly
recommended

#13 Time schedule of enrolment, interventions (including any
run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended
(see Figure)

#14  Estimated number of participants needed to achieve study
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size
calculations

#15  Strategies for achieving adequate participant enrolment to
reach target sample size

Allocation: sequence #16a Method of generating the allocation sequence (eg,

generation

Allocation
concealment

computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random
sequence, details of any planned restriction (eg, blocking)
should be provided in a separate document that is
unavailable to those who enrol participants or assign
interventions

#16b Mechanism of implementing the allocation sequence (eg,
central telephone; sequentially numbered, opaque, sealed
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: mechanism envelopes), describing any steps to conceal the sequence
2 until interventions are assigned

3

4 Allocation: #16¢c  Who will generate the allocation sequence, who will enrol
5

6 implementation participants, and who will assign participants to

7 interventions

8

?o Blinding (masking) #17a Who will be blinded after assignment to interventions (eg,
11 trial participants, care providers, outcome assessors, data
:; analysts), and how

14

15 Blinding (masking): #17b If blinded, circumstances under which unblinding is

1? emergency permissible, and procedure for revealing a participant’s

18 unblinding allocated intervention during the trial

19

20 Data collection plan  #18a Plans for assessment and collection of outcome, baseline,
;; and other trial data, including any related processes to

23 promote data quality (eg, duplicate measurements, training
24 - :

25 of assessors) and a description of study instruments (eg,
26 questionnaires, laboratory tests) along with their reliability
;273 and validity, if known. Reference to where data collection
29 forms can be found, if not in the protocol

30

g; Data collection plan:  #18b Plans to promote participant retention and complete follow-
33 retention up, including list of any outcome data to be collected for
gg participants who discontinue or deviate from intervention
36 protocols

37

38  Data management #19 Plans for data entry, coding, security, and storage, including

40 any related processes to promote data quality (eg, double
2; data entry; range checks for data values). Reference to

43 where details of data management procedures can be

2;‘ found, if not in the protocol

2? Statistics: outcomes  #20a Statistical methods for analysing primary and secondary

48 outcomes. Reference to where other details of the statistical
gg analysis plan can be found, if not in the protocol

52  Statistics: additional  #20b Methods for any additional analyses (eg, subgroup and

gi analyses adjusted analyses)

55 . . . , . :

5 Otatistics: analysis #20c Definition of analysis population relating to protocol non-

5273 population and adherence (eg, as randomised analysis), and any statistical
5o Missing data methods to handle missing data (eg, multiple imputation)
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Data monitoring:
formal committee

Data monitoring:
interim analysis

Harms

Auditing

Research ethics
approval

Protocol
amendments

Consent or assent

Consent or assent:
ancillary studies

Confidentiality

Declaration of
interests

Data access

#21a

#21b

#22

#23

#24

#25

#26a

#26b

#27

#28

#29

BMJ Open

Composition of data monitoring committee (DMC); summary
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and
reference to where further details about its charter can be
found, if not in the protocol. Alternatively, an explanation of
why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and
make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from
investigators and the sponsor

Plans for seeking research ethics committee / institutional
review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial
participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see
Item 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after the
trial

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 31

13

14

n/a

n/a

16

n/a

16

n/a

n/a

16

19

yBuAdoo Aq parosiold 1senb Ag 20z ‘02 UoseN uo /wod fwg-uadolwg//:dny wolj papeojumod "6T0Z 1ISNBNY GT U0 T99520-8T0Z-uUadolwa/9eTT 0T Se paysiignd 1say :uado rING


http://bmjopen.bmj.com/

Page 31 of 31

oNOYULT D WN =

Ancillary and post
trial care

Dissemination policy:
trial results

Dissemination policy:
authorship

Dissemination policy:
reproducible
research

Informed consent
materials

Biological specimens

#30

#31a

#31b

#31c

#32

#33

BMJ Open

and disclosure of contractual agreements that limit such
access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),
including any publication restrictions

Authorship eligibility guidelines and any intended use of
professional writers

Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Model consent form and other related documentation given
to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of

biological specimens for genetic or molecular analysis in the

current trial and for future use in ancillary studies, if
applicable

n/a

16

n/a

n/a

n/a

n/a

The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-
BY-ND 3.0. This checklist was completed on 23. July 2018 using http://www.goodreports.org/, a tool
made by the EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT

Introduction:

Lung cancer screening in individuals at risk has been recommended by various scientific
institutions. One of the main concerns for CT screening is repeated radiation exposure, with the risk
of inducing malignancies in healthy individuals. Therefore, lowering the radiation dose is one of the
main objectives for radiologists. The aim of this study is to demonstrate that an ultra-low dose
(ULD) chest CT protocol, using recently introduced hybrid iterative reconstruction (ASiR-V, GE
medical Healthcare, Milwaukee, WI, USA), is as performant as a standard “low dose” (LD) CT to
detect non calcified lung nodules > 4mm.

Methods and analysis:

The total number of patients to include is 150. Those are referred for non-enhanced chest CT for
detection or follow-up of lung nodule and will undergo an additional unenhanced ULD CT
acquisition, the dose of which is on average 10 times lower than the conventional LD acquisition.
Total dose of the entire exam (LD + ULD) is lower than the French diagnostic reference level for a
chest CT (6.65 milliSievert). ULD CT images will be reconstructed with 50% and 100% ASIR-V,
and LD CT with 50%. The 3 sets of images will be read in random order by two pair of radiologists,
in a blind test, where patient identification and study outcomes are concealed. Detection rate
(sensitivity) is the primary outcome. Secondary outcomes will include concordance of nodule
characteristics; inter-observer reproducibility; influence of subjects’ characteristics, nodule location,
and nodule size; and concordance of emphysema, coronary calcifications evaluated by visual
scoring and bronchial alterations between LD and ULD CT. In case of discordance, a third
radiologist will arbitrate.

FEthics and dissemination:

The study was approved by the relevant ethical committee. Each study participant will sign an
informed consent form.

Trial registration number: Clinicaltrials.gov NCT03305978
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ARTICLE SUMMARY:
STRENGTHS AND LIMITATIONS OF THIS STUDY
- We will evaluate the sensitivity of an ultra-low dose CT, delivering 10 times less radiation
than conventional low-dose CT, to detect lung nodules, in a French population of 150
patients referred for lung nodule check-up or follow-up.
- We will use a recently introduced hybrid iterative reconstruction (ASiR-V) and different
levels of ASIR-V will be assessed
- Nodules characteristics will be analyzed in particular the diagnosis of intrapulmonary lymph
node, which is a benign lesion.
- Patients with morbid obesity (BMI>35) will not be included as image quality of ultra-low
dose CT is not acceptable for those morphotypes.
- Readers will be aware of the type of CT acquisition (LD and ULD) and reconstruction,

because they are easily recognizable due to the different level of image noise.
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INTRODUCTION

Lung cancer is the deadliest cancer in the world (1), mainly due to the fact that it is often diagnosed
at advanced stages that are not surgically curable. The current challenge is therefore to detect lung
cancer at early asymptomatic stages. Risk factors such as smoking and occupational exposure
(mainly asbestos, silica, arsenic, chromium, iron, coal, ionising radiation) are well known and
enable to define the target population for such programs.

The National Lung Screening Trial (NLST) was the first study to show that a low dose (LD)
(average effective dose of 1.5mSv) computed tomography (CT) lung cancer screening reduced
specific death by 20% (95% CI, 6.8 to 26.7; P=0.004) as compared with chest X Ray (CXR)
screening (single-view posteroanterior) in actual or former smokers (>30 pack years) patients
between 55 and 74 years old (2).

Other lung cancer screening studies are still in progress in Europe, such as the NELSON study in
Belgium and the Netherlands, the results of which are expected to be reported soon (3)

However, the drawback of using LD CT at such doses (<1.5 millisievert (mSv)) is that even though
irradiating less than standard chest CT, the radiation exposure is still on average 10 times higher
than a 2 views CXR, and may be a risk for induced malignancies in itself. (4)

In this context, great efforts are currently being made by CT manufacturers to reduce the dose and
maintain diagnostic quality. Technologies such as automated exposure control, lower tube current
and iterative reconstruction (5), were recently introduced, enabling further dose decrease for chest
CTs, and the concept of “ultra-low dose (ULD) CT” (or submillisievert CT), which delivers a
radiation dose approaching that of 2 CXR views at the cost of a slight deterioration of the image
quality (6) . Among these technological advances, the most significant is probably the new iterative
reconstruction whether full iterative or hybrid. (7.8,9,10)

Promising results have been published for lung nodule detection with ULD CT (11,12,13).
However, these studies were conducted on Asian populations, which may have different

morphotypes compared to Caucasian populations.
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% 117  Huber and al. performed a phantom study comparing standard, LD and ULD CT for detection of
g 118  pulmonary nodules. When compared to standard CT, the detection rate was 95.5% for LD CT (1.76
g 119 mSv), and 93.3% for ULD CT (0.13mSv), increasing at 97.5% when adding computer aided
S 120  diagnosis and maximal intensity projection (14).

10

1; 121 Since we started to design our study protocol, Messerli and al. published a study including 202

13
14
15 . . . . .

16 123 (0.13+/-0.01mSv) as compared to LD CT (1.8 £0.7 mSv). Sensitivity was significantly higher for
17

18 124 larger nodule diameter, lower BMI patients, lower image noise and for solid and calcified nodules
19
20
21
22
23126 Neroladaki and al. showed the same number of detected nodules between an ULD acquisition
24

25127  (0.16+0.006mSv) with iterative reconstruction and a standard dose filtered back projection
26

;é 128  acquisition (11.2+2.7mSv), and more nodules detected with model based iterative reconstruction

29 . .. . . . : .
30 129  (MBIR) than adaptive statistical iterative reconstruction (ASIR) (16). MBIR is known to better

31
32130 minimize image noise compared to ASIR : Ichikawa and al found a significantly lower image noise
33

2‘51 131 with LD (1.6 = 0.8 mSv) MBIR CT (11.6 + 1.0 Hounsfield units (HU)) than with LD ASIR CT

36
37
38 . . . . . . .

39133 lesion, and no difference in image quality scores for consolidation or mass, ground-glass
40

41 134 attenuation, or reticular opacity with MBIR compared to ASIR LD CT (8). But MBIR may slightly
42
43
44
45 . . . . . . . :
46 136 minutes, when patients lie less than 10 minutes in the machine. ASIR-V is the latest generation of
47

48 137  hybrid iterative reconstruction (GE medical Healthcare, Milwaukee, WI). It combines ASIR and
49

g (1) 138  MBIR and enables a better noise reduction than ASIR, with a processing time of only few minutes,
52 . .

53 139 suitable to a routine chest CT session (17).

54

55 140

56

;73 141 According to the ALARA (as low as reasonably achievable) principle, we hope to validate our ULD
59
60

122 patients referred for any clinically indicated chest CT. 91.2% nodules were detected using ULD CT

125 (15).

132 (21.1 £ 2.6 HU, p < 0.0005), a slightly better image quality score for decreased lung attenuation

135  deteriorate lesion margin (9), and significantly increases reconstruction time, taking more than 30

142 chest CT protocol (<0.2mSv), the dose of which is 10 times lower than a usual LD CT, as a
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sensitive tool to detect lung nodules. Thus, this ULD CT acquisition could be generalized for lung
nodules detection and would consolidate the setup of lung cancer screening programs. Also, this
would allow the generalization of ULD protocols, for radiation sensitive populations (children and

young adults in particular).

METHODS AND ANALYSIS

Study design and objectives

The objectives of this study are to evaluate the performance of ULD CT for the detection of lung
nodules, and the evaluation of nodule characteristics in comparison to LD CT. Furthermore, as
smoking is a common risk factor, performance for the detection of cardiac and respiratory
associated diseases (bronchial abnormalities, emphysema, coronary calcifications) is also evaluated.
An additional ULD CT is performed in patients referred for non-enhanced chest CT for lung
nodules check-up or follow-up. The dose delivered with both acquisitions is still lower than the
French diagnostic reference level (6.65mSv). We chose to only include nodules > 4mm as the
incidence of cancer is very low below this threshold, and are not currently considered as clinically
significant (18). A 4 mm threshold was also used for the NLST study (2). In addition, fully calcified
nodules are excluded from the analysis because they are constantly benign and easily detected.

We will study nodule subtypes (solid, part-solid and pure ground-glass) and size. Furthermore we
will evaluate the performance of ULD CT to diagnose intrapulmonary lymph nodes, which are
benign nodules not needing follow up (19), and were not analyzed in previous ULD CT studies.
This trial sponsored by the Grenoble-Alpes University Hospital (CHUGA, France) is designed as a
monocentric, prospective, non-randomized study in which the patient is his own control. All
outcomes are evaluated by blinded double reading. Patient enrollment started in October 2017 and
is expected to be completed in September 2018. Figure 1 summarizes the process of inclusion,
intervention and reading, described in detail below.

Primary outcome
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% 169  Detection rate (sensitivity) of lung nodules in ULD chest CT using the conventional chest LD CT as
g 170  gold-standard.

? 171  Secondary outcomes

S 172 1) Diagnostic criteria: true positive (TP), false positive (FP), true negative (TN), false negative
10

:; 173 (FN), positive predictive value (PPV), negative predictive value (NPV), Specificity (Sp) of ULD

13
14
15 . . . .

16 175  2) Concordance of nodule’s size, subtype, and diagnosis of typical intrapulmonary lymph node
17

18176  among lung nodules between ULD and LD CT

19
20
21
22 . . . . .

23 178  4) Influence of subjects characteristics (age, sex, BMI), nodule location, and nodule size on lung
24

;2 179  nodule detection with ULD CT

;é 180  5) Concordance of emphysema detection, type and distribution between ULD and LD CT

gg 181  6) Concordance of Weston score of coronary calcifications between ULD and LD CT

2; 182  7) Concordance of visual assessment of bronchial thickening, mucoid impaction or dilatation
33

2‘5‘ 183  between ULD and LD CT

36
37
38
39 185  Eligibility Criteria
40

41 186  Inclusion criteria
42
43
44
45
46 188 e referred for non-enhanced chest CT for the following indications:
47

48 189
49
50
51
52
53 191 - morphologic assessment of chronic obstructive pulmonary disease (COPD) or
54

55192 emphysema

174 CT

177  3) Inter-observer reproducibility for size, subtype and diagnosis of lung nodules in ULD CT

184

187 e aged 18 years or older

lung nodule check-up or follow-up

190 - nodular abnormality on chest X ray

57

og 193 - asbestos exposure

60 194 - assessment before lung radio frequency ablation
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- assessment of disease extent of an extra thoracic cancer (in case of iodinated
intravenous contrast agent contraindication)
- Check-up before extra-thoracic transplantation (in case of iodinated intravenous
contrast agent contraindication).
Exclusion criteria
e Inability to lie down and stay still during the examination
e Inability to hold breath for more than 5 seconds
e Pneumonia in the last 3 months
e Body mass index (BMI) more than 35kg/m?

e Pregnant or breastfeeding women

CT scan acquisitions and reconstructions

The LD and ULD acquisitions are performed on the Revolution CT scanner (GE medical
Healthcare, Milwaukee, WI, USA) equipped with the third generation ASIR-V iterative
reconstruction. Acquisitions are performed successively in the same CT exam, in the supine
position and at suspended full inspiration. Both acquisitions cover the same pulmonary fields from
the apex to the costo-diaphragmatic angle, determined on the scout views (2 views).

The LD acquisition is the reference exam for the diagnosis of pulmonary nodules. The acquisition
parameters are: spiral CT scanning; 120kVp; automatic modulation of 3D radiation dose (“Smart
mA”+ Organ Dose Modulation) with lower bound 100mA, maximal bound 200mA and noise index
10; rotation time: 0.35sec ; modulation 35-70 mAs; pitch = 0.992 :1 and collimation: 80mm. The
radiation dose, CTDIvol (volume CT dose index) and DLP (Dose Length Product = CTDIvol x
length of exposure) may vary depending on patient attenuation and length of the acquisition. The

expected DLP is between 70 and 200mGy.cm (0.98mSv to 2.8mSv) (the effective dose is calculated
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% 220 by multiplying DLP by a thoracic conversion factor of 0.014 (20)), for an average DLP of
g 221 100mGy.cm.

? 222 The ULD CT acquisition parameters are: spiral CT scanning; 120kVp; fixed tube current of 10mA;
g 223 rotation time: 0.35s; 3.5 mAs; pitch: 0.992 :1, collimation: 80mm. These parameters are fixed for all
10

:; 224  patients. The CTDIvol is constant at 0.24mGy. The DLP will depend only on the length of the

13
14
15 . _ .
16 226 of the mA is deactivated to allow a very low tube current and therefore an ULD acquisition. The
17

18 227  ULD acquisition increases the exam time by up to two minutes.

19
20
21
22 . . . . . .

23229 filter and lung filter; contiguous 8-mm thickness Maximal Intensity projection (MIP)
24

25230 reconstruction, and iterative reconstruction with different percentages. We use ASIR-V in our study
26

;é 231 which is the latest generation of iterative reconstruction techniques. It blends hybrid iterative

225  acquired chest, different for each patient, expected around 10mGy.cm (0.14mSv). The modulation

228  The reconstruction parameters are identical for both acquisitions: slice thickness: 1.25mm; standard

9 . P ..
30 232 reconstruction and standard filtered back projection. The percentage of ASIR-V represents the

31
32233 amount of iterative reconstruction, from 0% (filtered back projection only) to 100% iterative
33

gg 234 reconstruction, which modifies image noise and texture. When designing our study, ASIR-V was

36
37
38
39236 40 up to 100%, depending on radiologist practice and preferences. We decided to test percentages
40

41 237  of iterative reconstruction of 50% and 100%. The LD CT images are reconstructed with 50% ASIR-
42

235  not yet studied for chest CT. The CT vendor engineers suggested an empirical percentage between

4> 238V (LD) and the ULD CT images with 50% (ULD50) and 100% (ULD100) ASIR-V.
45

46 239 The statistical analyses will be performed twice: with ULD50 and ULD100.

47

jg 240  For every patient, CTDIvol and DLP are recorded. Effective dose and Size Specific Dose Estimates
g? 241 (SSDE) will be then calculated. Concerning the additional radiation for included patients, our ULD
gg 242 CT protocol has an expected effective dose between 0.10 and 0.20 mSv, which is about 6 to 20
gg 243 times lower than the LD protocol (which is the usual dose in our institution for this indication),
56

gé 244  similar to a 2-views CXR, and to 30 days of natural radiation (21). Moreover, total dose of the
59

60 245  entire exam (around 1.1 to 3 mSv) is lower than French diagnostic reference level of 6.65mSv.
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Recruitment and intervention

Patients included in the study are those referred for a diagnostic chest CT without contrast media
injection. On the day of the CT scan, a radiologist checks the eligibility criteria for the study, and
informs the patient who signs a participation consent form if he accepts to join the study. The
radiologist then collects the following parameters: height, weight, history of oncology, cardio-
respiratory pathology and exposure to smoking. The patient then undergoes the standard diagnostic
LD CT acquisition followed by the ULD acquisition. If, however, the dose of the LD acquisition is
greater than 6.65mSv (French diagnostic reference level), the ULD acquisition is not performed and
the patient is excluded from the data analysis. The patient's participation in the study is completed
once he leaves the examination room.

The CT images of the LD acquisition are analysed by the radiologist who gives his medical report
for the patient's medical management. If the number of nodules > 4 mm identified on this
acquisition is >6 in one lung, the patient will be excluded from the data analysis because the

analysis of the outcomes will be too complicated to implement.

Patient and Public Involvement

Patients or public were not directly involved in the development of the research question. However,
lowering the radiation dose is a rising concern for the patients and for public health. Patients were
also not directly involved in the design, the recruitment and the conduct of this study.

As a regular medical care, the report of the diagnostic LD CT is sent to the prescribing physician,
and to the patients at their request. According to French law, patients will be informed of the global

results of the study at their request.

Blind reading of outcomes
For LD, ULD50 and ULD100 reconstructions, 2 radiologists will independently read all the

radiological parameters. In order to limit the number of exams assessed by each reader, 4
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% 272 radiologists split into 2 pairs will participate in the blind reading. Each pair of radiologists (1 junior
g 273 and 1 senior radiologist) reads the three sets of images for the same patient in a random order.

? 274 The term “blind” means that radiologists have neither knowledge of the patient's identity nor access
S 275  to the results of diagnostic reading. To avoid patient identification, CT acquisitions are anonymized
10

:; 276 by deleting in the DICOM fields: the name, age and date of birth of the patient; the date and time of

13
14
15 . . . . .

16 278  reconstruction is identified by a random number that differs for each of the two readers.
17

18 279  Radiologists never read two series of the same patient consecutively.

19
20
21
22 . . . . .

23 281  ULDI100 reconstructions. The three patient reconstructions are not necessarily given the same day
24

25282  to both radiologists. In addition, the order of presentation is not identical for the two radiologists.
26

;é 283  The reading is performed on a diagnostic console (IMPAX software, 6.5.5.3502) (Agfa, Belgium)

277  the examination and the name of the referring radiologist for the diagnosis. Each patient

280  Anonymized exams are periodically transmitted to a pair with at least 15 LD, 15 ULDS50 and 15

9 . . . . L.
30 284  using Barco MDNC-312Imonitors (Barco, Courtrai, Belgium) and includes mediastinal and

31
32 285  parenchymal filter reconstructions for each acquisition. The radiologist is free to adapt the level and
33

gg 286  width of the window to its reading practice (initial parenchymal window defined by a width of

36
37
38 . . .o, . . . .o, . .

39 288  of space. The reading also includes the additional MIP reconstruction for each acquisition, in order
40

41289  to sensitize the detection of nodules (22) (this type of reading from MIP series is performed in
42
43
44
45 : D . : : . .
46 291  Radiologists identify nodules of longer diameter >4mm by locating them with the slice number and
47

48 292 the lobe. It is known that each lung has three lobes (right upper lobe, middle lobe, right lower lobe,
49

g? 293 culmen, lingula, and left lower lobe). Each radiologist completes a reading grid for each

52

287  1500UH and a level of -600UH), and to perform multiplanar reconstructions in the different plans

290  clinical routine).

53 294  reconstruction with all detected nodule characteristics, evaluation of emphysema, coronary
54

55295  calcification and bronchial abnormalities.

56

gé 296  The completed grids are given to a Clinical Research Assistant for data entry and identification of

59

60 297  discrepancies in identification of nodules between the two radiologists.
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We consider that a nodule is the same between the two readers if:
e itis located in the same lobe
e the slice number is identical at = 5 slices (a nodule will be visible on several successive
slices)
e the longest diameter of nodule is the same at + 2mm (23)
If these criteria are not respected or if a radiologist identifies one or more nodules in addition to or
less than the second radiologist, a consensus with a third CHUGA senior thoracic radiologist with
27 years of experience is obtained. This third radiologist is not part of the reading pairs. The
consensus is made from anonymized reconstructions and the reconstructions of the same patient are
not processed successively.
Besides, for every reconstruction is recorded:
- noise by measuring standard deviation in a region of interest placed in the tracheal air above
the carina,
- shape of the trachea which indicates inspiration degree,

- subjective image quality on a 3-point scale.

Data monitoring

All data is monitored by Grenoble-Alpes University Hospital (trial sponsor), in order to verify that
for every patient enrolled there is a signed consent form and that the inclusion and exclusion criteria
are respected. In addition all data collected in the case report form of every enrolled patient are

verified.

Sample size
With a 90% power, to have a sensitivity of detection of nodules with the ULD CT to 90% with a
confidence interval to £10%, it would be necessary to analyze 124 nodules. According to a

retrospective analysis of patients with indication of pulmonary nodule CT made at CHUGA, out of
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% 324 420 patients per year with this indication, 210 present pulmonary nodules with a total of about 400
g 325 nodules. It should therefore include about 140 patients to have 124 nodules to be analyzed.
? 326 Considering a 5% potential loss to follow-up or withdrawal of consent, the actual number of
S 327 subjects to include is 147 in total. To this are added three potential patients who could be
10

1; 328  secondarily excluded from the study for a number of nodules >6 in one of the lungs. The total

13
14
15
16 330  version 3.1.0 (library MKmisc, function power.diagnostic.test) (24, 25, 26).
17

18 331

19
20
21
22
23 333 In this non-randomized study where each patient is his own control, the threshold p<0.05 will be
24

25334  taken into account to define the significance of the statistical tests. Analyses will be carried out in
26

;é 335 accordance with good statistical analysis practices after freezing of the database and will be carried

329  number of patients to include is 150. The sample size calculations were carried out using R software

332 Statistical analysis

30 336 out with the software R (version > 3.1.0). If the missing data rate of the primary criterion is between

31
32337 5% and 20%, the missing data for this criterion will be replaced. The replacement of the missing
33

2‘5‘ 338  data will be done, either according to a worst-case analysis strategy, by disfavoring the assumption

36
37
38 . . . . . . . . . .

39 340  imputations, five imputations will be made, using a linear regression model taking into account the
40

41341  following variables: age, sex, BMI, smoking habit.

42
43
44
45 . . . e . N
46 343 graphical verification of the symmetry of the distribution. When the normality of the distribution of
47

48 344  such a parameter has been demonstrated, it will be described by its mean and its standard deviation.
49

g? 345  Otherwise it will be described by its median, the 25th and the 75th percentile. The qualitative
52 . .

53 346 parameters will be expressed in number and percentage.

54

55 347  For the main objective, the sensitivity of the ULD CT (compared to the LD CT) for the detection of
56

;73 348  nodules will be calculated and accompanied by a 95% confidence interval. For secondary objective
59
60

339  that one seeks to demonstrate, either by a multiple imputation method. In case of multiple

342  The normality of the quantitative parameters will be determined by the Shapiro-Wilks test or by

349 1, the number of TP, FP, TN, FN, PPV, NPV and Sp of the ULD CT (compared to LD CT) will be
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calculated. For secondary objectives 2, 5, 6 and 7, the concordance of the qualitative variables will
be evaluated using the kappa coefficient. The concordance of the quantitative variables will be
evaluated using Lin's concordance coefficient. For each coefficient, the 95% confidence interval
will be given. For secondary objective 3, inter-observer reproducibility for qualitative variables will
be evaluated using the kappa coefficient. It will be evaluated, for the quantitative variables, using
the ICC (intra class coefficient). For each coefficient, the 95% confidence interval will be given.
For secondary objective 4, a logistic regression model will be implemented. The variable to be
explained will be the result of detecting each nodule in ULD CT compared to the LD CT (0 = good
detection / 1 = bad detection). The explanatory variables will be the age, sex and BMI of the patient,
the location (lobe) and the size of the nodule. The size of the nodule can be used as a qualitative
variable (<5mm, 5-10mm,> 10mm).

An interim analysis including the analysis of the primary endpoint will be performed after inclusion
of the first 50 patients. This interim analysis will aim to: decide whether to continue or stop the
study for futility and readjust the number of patients if necessary (if the characteristics of the
patients included do not correspond to those initially planned (too many patients without nodules >4
mm)). In order to maintain an overall threshold of 5% in the final analysis, the interim analysis will
be carried out with a threshold of 0.1%. The results of the interim analysis will be taken into
account by the steering committee to propose modifications to the analysis plan. For this interim

analysis, data from the confrontation between the two radiologists will be used.

Limitations

First limitation of our protocol is that we do not have a true screening population because there is no
organized lung cancer screening program in our country yet. Therefore, our study population
corresponds to patients routinely referred for lung nodule checkup or follow up instead of a risk-

factor based population.
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% 375  Another limitation is that ULD CT is easily recognizable as the image noise is increased as
g 376  compared to LD CT, as well as ULD 50 and ULD 100 are possible to distinguish for an experienced
g 377 radiologist. As a consequence, readers were not blinded for these, but for patient name, sex, age,
S 378  clinical status, and CT report.

10

:; 379  Recall bias is limited by a randomized order of presentation and cutting into several reading

13
14
15 . . . . .
16 381 Although we wanted to have a “western population”, we decided not to include obese patients with
17

18382 a BMI>35, because ULD CT are of poorer quality, due to the need of more radiation-exposure to
19
20
21
22 . . . . .
23 384 iterative reconstructed CT scanners at an effective dose of 0.14+0.01mSv for obese patients with
24

25385 BMI>38 (27).
26

;é 386 We decided to test percentage of 50 and 100% of ASIR-V. Tang and al. tested ASIR-V from 10 to

380  sessions.

383  produce acceptable images. Vardhanabhuti and al. recently found a loss of nodule detection with

9
30 387  100% in non-enhanced chest and showed ASIR-V has greater potential in reducing image noise and

31
32 388  artifacts and maintaining image sharpness when compared to ASIR, and 60% ASIR-V had the
33

2‘5‘ 389  highest image quality combining both the objective and subjective evaluation of images (28). This

36
37
38
39391 V.
40

41 392

42
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44
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46 394  This trial is funded by the Delegation to Clinical Research and Innovation (DRCI) of Grenoble-
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standard diagnostic low dose chest CT.
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Device: Low dose chest CT
standard diagnostic low dose chest CT
Other Name: Revolution CT (GE Healthcare)

Ages eligible for study: >18 years
Sexes eligible for study: both
Accepts healthy volunteers: no
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Patients referred for non enhanced chest CT for following indications :
- lung nodule search or control
- nodular abnormality on chest X ray
- statement of COPD or emphysema
- asbestos exposure
- nodule localization before radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of
iodinated intravenous contrast agent contraindication)
- statement before extrathoracic transplantation (in case of iodinated
intravenous contrast agent contraindication)
Affiliated with the french social security
Who signed consent
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Inability to lie down and stay still during the examination
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Primary purpose: diagnostic
October 3, 2017
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Ultra low dose CT lung nodule detection sensibility [ Time Frame: 22

months ]

Detection rate (%) of >4mm lung nodules in ultra low dose chest CT versus
standard low

Ultra low dose CT diagnostic performances of lung nodule detection
[ Time Frame: 22 months ] :true positives, false positives, true
negatives, false negatives, positive predictive value, negative
predictive value, specificity, of >4mm lung nodules detection within
ultra low dose chest CT versus standard low dose chest CT
Concordance of >4mm lung nodules characteristics between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of size, density, type (true nodule or intrapulmonary
ganglion) of >4mm lung nodule between ultra low dose and standard
low dose chest CT

Ultra low dose CT inter-observer reproducibility [ Time Frame: 22
months ] : inter observer reproducibility for size, density and type of
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size on detection between ultra low dose and standard low dose
chest CT [ Time Frame: 22 months ] : analysis of subjects
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location, and >4 mm nodule size on detection between ultra low
dose and standard low dose chest CT

Concordance of emphysema characteristics between ultra low dose
and standard low dose chest CT [ Time Frame: 22 months ] :
comparison of emphysema detection, type (centrilobular, paraseptal,
panlobular, bullous) and distribution between ultra low dose and
standard low dose chest CT

Concordance of coronary calcification detection and quantification
between ultra low dose and standard low dose chest CT

[ Time Frame: 22 months ] : Comparison of Weston scores between
ultra low dose and standard low dose chest CT

Concordance of bronchial abnormalities evaluation between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of detection of bronchial thickening or dilatation
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approved by the relevant ethical committee (Comité de Protection des
Personnes, CPP Sud-Est VI, France, CPP Reference: AU1342), on July 7,
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.
Ann Intern Med. 2013;158(3):200-207

Page
Reporting ltem Number
Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name 4
of intended registry
Trial registration: #2b  All items from the World Health Organization Trial 17
data set Registration Data Set
Protocol version #3 Date and version identifier 18
Funding #4 Sources and types of financial, material, and other support 16
Roles and #5a Names, affiliations, and roles of protocol contributors 1;16
responsibilities:
contributorship
Roles and #5b  Name and contact information for the trial sponsor 2
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committees

Background and
rationale

Background and
rationale: choice of
comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:
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#6b

#7

#8

#9
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BMJ Open

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have
ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating
centre, steering committee, endpoint adjudication
committee, data management team, and other individuals or
groups overseeing the trial, if applicable (see Item 21a for
data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant studies
(published and unpublished) examining benefits and harms
for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,
exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be
obtained

Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will
perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered
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#11b Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving / worsening disease)

#11c Strategies to improve adherence to intervention protocols,
and any procedures for monitoring adherence (eg, drug
tablet return; laboratory tests)

#11d Relevant concomitant care and interventions that are
permitted or prohibited during the trial

#12 Primary, secondary, and other outcomes, including the
specific measurement variable (eg, systolic blood pressure),
analysis metric (eg, change from baseline, final value, time
to event), method of aggregation (eg, median, proportion),
and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly
recommended

#13 Time schedule of enrolment, interventions (including any
run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended
(see Figure)

#14  Estimated number of participants needed to achieve study
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size
calculations

#15  Strategies for achieving adequate participant enrolment to
reach target sample size

Allocation: sequence #16a Method of generating the allocation sequence (eg,

generation

Allocation
concealment

computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random
sequence, details of any planned restriction (eg, blocking)
should be provided in a separate document that is
unavailable to those who enrol participants or assign
interventions

#16b Mechanism of implementing the allocation sequence (eg,
central telephone; sequentially numbered, opaque, sealed
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: mechanism envelopes), describing any steps to conceal the sequence
2 until interventions are assigned

3

4 Allocation: #16¢c  Who will generate the allocation sequence, who will enrol
5

6 implementation participants, and who will assign participants to

7 interventions

8

?o Blinding (masking) #17a Who will be blinded after assignment to interventions (eg,
11 trial participants, care providers, outcome assessors, data
:; analysts), and how

14

15 Blinding (masking): #17b If blinded, circumstances under which unblinding is

1? emergency permissible, and procedure for revealing a participant’s

18 unblinding allocated intervention during the trial

19

20 Data collection plan  #18a Plans for assessment and collection of outcome, baseline,
;; and other trial data, including any related processes to

23 promote data quality (eg, duplicate measurements, training
24 - :

25 of assessors) and a description of study instruments (eg,
26 questionnaires, laboratory tests) along with their reliability
;273 and validity, if known. Reference to where data collection
29 forms can be found, if not in the protocol

30

g; Data collection plan:  #18b Plans to promote participant retention and complete follow-
33 retention up, including list of any outcome data to be collected for
gg participants who discontinue or deviate from intervention
36 protocols

37

38  Data management #19 Plans for data entry, coding, security, and storage, including

40 any related processes to promote data quality (eg, double
2; data entry; range checks for data values). Reference to

43 where details of data management procedures can be

2;‘ found, if not in the protocol

2? Statistics: outcomes  #20a Statistical methods for analysing primary and secondary

48 outcomes. Reference to where other details of the statistical
gg analysis plan can be found, if not in the protocol

52  Statistics: additional  #20b Methods for any additional analyses (eg, subgroup and

gi analyses adjusted analyses)

55 . . . , . :

5 Otatistics: analysis #20c Definition of analysis population relating to protocol non-

5273 population and adherence (eg, as randomised analysis), and any statistical
5o Missing data methods to handle missing data (eg, multiple imputation)
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ancillary studies

Confidentiality

Declaration of
interests

Data access

#21a

#21b
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#23

#24

#25

#26a

#26b

#27

#28

#29
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Composition of data monitoring committee (DMC); summary
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and
reference to where further details about its charter can be
found, if not in the protocol. Alternatively, an explanation of
why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and
make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from
investigators and the sponsor

Plans for seeking research ethics committee / institutional
review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial
participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see
Item 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after the
trial

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,
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and disclosure of contractual agreements that limit such
access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),
including any publication restrictions

Authorship eligibility guidelines and any intended use of
professional writers

Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Model consent form and other related documentation given
to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of

biological specimens for genetic or molecular analysis in the

current trial and for future use in ancillary studies, if
applicable

n/a

16

n/a
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The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-
BY-ND 3.0. This checklist was completed on 23. July 2018 using http://www.goodreports.org/, a tool
made by the EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT

Introduction:

Lung cancer screening in individuals at risk has been recommended by various scientific institutions.
One of the main concerns for CT screening is repeated radiation exposure, with the risk of inducing
malignancies in healthy individuals. Therefore, lowering the radiation dose is one of the main
objectives for radiologists. The aim of this study is to demonstrate that an ultra-low dose (ULD) chest
CT protocol, using recently introduced hybrid iterative reconstruction (ASiR-V, GE medical
Healthcare, Milwaukee, WI, USA), is as performant as a standard “low dose” (LD) CT to detect non
calcified lung nodules > 4mm.

Methods and analysis:

The total number of patients to include is 150. Those are referred for non-enhanced chest CT for
detection or follow-up of lung nodule and will undergo an additional unenhanced ULD CT
acquisition, the dose of which is on average 10 times lower than the conventional LD acquisition.
Total dose of the entire exam (LD + ULD) is lower than the French diagnostic reference level for a
chest CT (6.65 milliSievert). ULD CT images will be reconstructed with 50% and 100% ASIR-V,
and LD CT with 50%. The 3 sets of images will be read in random order by two pair of radiologists,
in a blind test, where patient identification and study outcomes are concealed. Detection rate
(sensitivity) is the primary outcome. Secondary outcomes will include concordance of nodule
characteristics; inter-observer reproducibility; influence of subjects’ characteristics, nodule location,
and nodule size; and concordance of emphysema, coronary calcifications evaluated by visual scoring
and bronchial alterations between LD and ULD CT. In case of discordance, a third radiologist will
arbitrate.

FEthics and dissemination:

The study was approved by the relevant ethical committee. Each study participant will sign an
informed consent form.

Trial registration number: Clinicaltrials.gov NCT03305978
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ARTICLE SUMMARY:
STRENGTHS AND LIMITATIONS OF THIS STUDY
- We will evaluate the sensitivity of an ultra-low dose CT, delivering 10 times less radiation
than conventional low-dose CT, to detect lung nodules, in a French population of 150
patients referred for lung nodule check-up or follow-up.
- We will use a recently introduced hybrid iterative reconstruction (ASiR-V) and different
levels of ASIR-V will be assessed
- Nodules characteristics will be analyzed in particular the diagnosis of intrapulmonary lymph
node, which is a benign lesion.
- Patients with morbid obesity (BMI>35) will not be included as image quality of ultra-low
dose CT is not acceptable for those morphotypes.
- Readers will be aware of the type of CT acquisition (LD and ULD) and reconstruction,

because they are easily recognizable due to the different level of image noise.
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INTRODUCTION

Lung cancer is the deadliest cancer in the world (1), mainly due to the fact that it is often diagnosed
at advanced stages that are not surgically curable. The current challenge is therefore to detect lung
cancer at early asymptomatic stages. Risk factors such as smoking and occupational exposure (mainly
asbestos, silica, arsenic, chromium, iron, coal, ionising radiation) are well known and enable to define
the target population for such programs.

The National Lung Screening Trial (NLST) was the first study to show that a low dose (LD) (average
effective dose of 1.5mSv) computed tomography (CT) lung cancer screening reduced specific death
by 20% (95% CI, 6.8 to 26.7; P=0.004) as compared with chest X Ray (CXR) screening (single-view
posteroanterior) in actual or former smokers (>30 pack years) patients between 55 and 74 years old
(2).

Other lung cancer screening studies are still in progress in Europe, such as the NELSON study in
Belgium and the Netherlands, the results of which are expected to be reported soon (3)

However, the drawback of using LD CT at such doses (<1.5 millisievert (mSv)) is that even though
irradiating less than standard chest CT, the radiation exposure is still on average 10 times higher than
a 2 views CXR, and may be a risk for induced malignancies in itself. (4)

In this context, great efforts are currently being made by CT manufacturers to reduce the dose and
maintain diagnostic quality. Technologies such as automated exposure control, lower tube current
and iterative reconstruction (5), were recently introduced, enabling further dose decrease for chest
CTs, and the concept of “ultra-low dose (ULD) CT” (or submillisievert CT), which delivers a
radiation dose approaching that of 2 CXR views at the cost of a slight deterioration of the image
quality (6). Among these technological advances, the most significant is probably the new iterative
reconstruction whether full iterative or hybrid. (7.8,9,10)

Promising results have been published for lung nodule detection with ULD CT (11,12,13). However,
these studies were conducted on Asian populations, which may have different morphotypes compared

to Caucasian populations.
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% 117  Huber and al. performed a phantom study comparing standard, LD and ULD CT for detection of
g 118  pulmonary nodules. When compared to standard CT, the detection rate was 95.5% for LD CT (1.76
g 119  mSv), and 93.3% for ULD CT (0.13mSv), increasing at 97.5% when adding computer aided diagnosis
S 120  and maximal intensity projection (14).

10

1; 121 Since we started to design our study protocol, Messerli and al. published a study including 202

13
14
15 . . . . .

16 123 (0.13+/-0.01mSv) as compared to LD CT (1.8 £0.7 mSv). Sensitivity was significantly higher for
17

18 124 larger nodule diameter, lower BMI patients, lower image noise and for solid and calcified nodules
19
20
21
22
23126 Neroladaki and al. showed the same number of detected nodules between an ULD acquisition
24

25127  (0.16+0.006mSv) with iterative reconstruction and a standard dose filtered back projection
26

;é 128  acquisition (11.2+2.7mSv), and more nodules detected with model based iterative reconstruction

29 . .. . . . : .
30 129  (MBIR) than adaptive statistical iterative reconstruction (ASIR) (16). MBIR is known to better

31
32130 minimize image noise compared to ASIR : Ichikawa and al found a significantly lower image noise
33

2‘51 131 with LD (1.6 £ 0.8 mSv) MBIR CT (11.6 + 1.0 Hounsfield units (HU)) than with LD ASIR CT (21.1

36
37
38 . . . . . . . .

39 133 no difference in image quality scores for consolidation or mass, ground-glass attenuation, or reticular
40

41 134 opacity with MBIR compared to ASIR LD CT (8). But MBIR may slightly deteriorate lesion margin
42
43
44
45 . . . : . o . .
46 136 less than 10 minutes in the machine. ASIR-V is the latest generation of hybrid iterative reconstruction
47

48 137  (GE medical Healthcare, Milwaukee, WI). It combines ASIR and MBIR and enables a better noise
49

g? 138  reduction than ASIR, with a processing time of only few minutes, suitable to a routine chest CT
52 .

53 139 session (17).

54

55 140

56

;73 141 According to the ALARA (as low as reasonably achievable) principle, we hope to validate our ULD
59
60

122 patients referred for any clinically indicated chest CT. 91.2% nodules were detected using ULD CT

125 (15).

132 +£2.6 HU, p <0.0005), a slightly better image quality score for decreased lung attenuation lesion, and

135  (9), and significantly increases reconstruction time, taking more than 30 minutes, when patients lie

142 chest CT protocol (<0.2mSv), the dose of which is 10 times lower than a usual LD CT, as a sensitive
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tool to detect lung nodules. Thus, this ULD CT acquisition could be generalized for lung nodules
detection and would consolidate the setup of lung cancer screening programs. Also, this would allow
the generalization of ULD protocols, for radiation sensitive populations (children and young adults

in particular).

METHODS AND ANALYSIS

Study design and objectives

The objectives of this study are to evaluate the performance of ULD CT for the detection of lung
nodules, and the evaluation of nodule characteristics in comparison to LD CT. Furthermore, as
smoking is a common risk factor, performance for the detection of cardiac and respiratory associated
diseases (bronchial abnormalities, emphysema, coronary calcifications) is also evaluated.

An additional ULD CT is performed in patients referred for non-enhanced chest CT for lung nodules
check-up or follow-up. The dose delivered with both acquisitions is still lower than the French
diagnostic reference level (6.65mSv). We chose to only include nodules > 4mm as the incidence of
cancer is very low below this threshold, and are not currently considered as clinically significant (18).
Nodules <3mm are considered as micronodules and the recommendation from the Fleischner Society
recommends that such nodules should not be measured, given inherent accuracy limitations and
variability in determining whether the lesion is a solid, part-solid, or ground-glass nodule (19). A 4
mm threshold was also used for the NLST study (2). In addition, fully calcified nodules are excluded
from the analysis because they are constantly benign and easily detected.

We will study nodule subtypes (solid, part-solid and pure ground-glass) and size. Furthermore we
will evaluate the performance of ULD CT to diagnose intrapulmonary lymph nodes, which are benign
nodules not needing follow up (20), and were not analyzed in previous ULD CT studies.

This trial sponsored by the Grenoble-Alpes University Hospital (CHUGA, France) is designed as a
monocentric, prospective, non-randomized study in which the patient is his own control. All

outcomes are evaluated by blinded double reading. Patient enrollment started in October 2017 and is
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1

2 169 expected to be completed in September 2018. Figure 1 summarizes the process of inclusion,
3

g 170  intervention and reading, described in detail below.

6 .

2 171 Primary outcome

8

9 172  Detection rate (sensitivity) of lung nodules in ULD chest CT using the conventional chest LD CT as
10

1; 173 gold-standard.

13

14 174 Secondary outcomes

15
16 175 1) Diagnostic criteria: true positive (TP), false positive (FP), true negative (TN), false negative (FN),
17

18 176 positive predictive value (PPV), negative predictive value (NPV), Specificity (Sp) of ULD CT
19

;? 177  2) Concordance of nodule’s size, subtype, and diagnosis of typical intrapulmonary lymph node among
22

23 178  lung nodules between ULD and LD CT

24

;2 179  3) Inter-observer reproducibility for size, subtype and diagnosis of lung nodules in ULD CT

;é 180  4) Influence of subjects characteristics (age, sex, BMI), nodule location, and nodule size on lung
gg 181  nodule detection with ULD CT

2; 182  5) Concordance of emphysema detection, type and distribution between ULD and LD CT

33

2‘5‘ 183  6) Concordance of Weston score of coronary calcifications between ULD and LD CT

36
37
38
39185 ULDand LD CT
40

41 186

42
43
44
45
46 188  Inclusion criteria

47

48 189 e aged 18 years or older
49
50
51
52
53 191 - lung nodule check-up or follow-up
54

55192 - nodular abnormality on chest X ray

184  7) Concordance of visual assessment of bronchial thickening, mucoid impaction or dilatation between

187  Eligibility Criteria

190 e referred for non-enhanced chest CT for the following indications:

57

e 193 - morphologic assessment of chronic obstructive pulmonary disease (COPD) or

60 194 emphysema
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- asbestos exposure
- assessment before lung radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of iodinated
intravenous contrast agent contraindication)
- Check-up before extra-thoracic transplantation (in case of iodinated intravenous
contrast agent contraindication).
Exclusion criteria
e Inability to lie down and stay still during the examination
e Inability to hold breath for more than 5 seconds
e Pneumonia in the last 3 months
¢ Body mass index (BMI) more than 35kg/m?

e Pregnant or breastfeeding women

CT scan acquisitions and reconstructions

The LD and ULD acquisitions are performed on the Revolution CT scanner (GE medical Healthcare,
Milwaukee, WI, USA) equipped with the third generation ASIR-V iterative reconstruction.
Acquisitions are performed successively in the same CT exam, in the supine position and at
suspended full inspiration. Both acquisitions cover the same pulmonary fields from the apex to the
costo-diaphragmatic angle, determined on the scout views (2 views).

The LD acquisition is the reference exam for the diagnosis of pulmonary nodules. The acquisition
parameters are: spiral CT scanning; 120kVp; automatic modulation of 3D radiation dose (“Smart
mA”+ Organ Dose Modulation) with lower bound 100mA, maximal bound 200mA and noise index
10; rotation time: 0.35sec ; modulation 35-70 mAs; pitch = 0.992 :1 and collimation: 80mm. The
radiation dose, CTDIvol (volume CT dose index) and DLP (Dose Length Product = CTDIvol x length

of exposure) may vary depending on patient attenuation and length of the acquisition. The expected

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

BMJ Open Page 10 of 32

% 221 DLP is between 70 and 200mGy.cm (0.98mSv to 2.8mSv) (the effective dose is calculated by
g 222 multiplying DLP by a thoracic conversion factor of 0.014 (21)), for an average DLP of 100mGy.cm.
? 223 The ULD CT acquisition parameters are: spiral CT scanning; 120kVp; fixed tube current of 10mA;
g 224  rotation time: 0.35s; 3.5 mAs; pitch: 0.992 :1, collimation: 80mm. These parameters are fixed for all
10

:; 225  patients. The CTDlIvol is constant at 0.24mGy. The DLP will depend only on the length of the

13
14
15 _ . L
16 227  the mA is deactivated to allow a very low tube current and therefore an ULD acquisition. The ULD
17

18 228  acquisition increases the exam time by up to two minutes.

19
20
21
22 . . . . . . .
23230 filter and lung filter; contiguous 8-mm thickness Maximal Intensity projection (MIP) reconstruction,
24

25231  and iterative reconstruction with different percentages. We use ASIR-V in our study which is the
26

;é 232 latest generation of iterative reconstruction techniques. It blends hybrid iterative reconstruction and

226  acquired chest, different for each patient, expected around 10mGy.cm (0.14mSv). The modulation of

229  The reconstruction parameters are identical for both acquisitions: slice thickness: 1.25mm; standard

29 .. . .
30 233 standard filtered back projection. The percentage of ASIR-V represents the amount of iterative

31
32 234  reconstruction, from 0% (filtered back projection only) to 100% iterative reconstruction, which
33

gg 235  modifies image noise and texture. When designing our study, ASIR-V was not yet studied for chest

36
37
38
39 237  on radiologist practice and preferences. We decided to test percentages of iterative reconstruction of
40

41238  50% and 100%. The LD CT images are reconstructed with 50% ASIR-V (LD) and the ULD CT
42

236 CT. The CT vendor engineers suggested an empirical percentage between 40 up to 100%, depending

4> 239 images with 50% (ULD50) and 100% (ULD100) ASIR-V.

45

46 240 The statistical analyses will be performed twice: with ULD50 and ULD100.
47

jg 241 For every patient, CTDIvol and DLP are recorded. Effective dose and Size Specific Dose Estimates
g? 242 (SSDE) will be then calculated. Concerning the additional radiation for included patients, our ULD
gg 243 CT protocol has an expected effective dose between 0.10 and 0.20 mSv, which is about 6 to 20 times
gg 244 lower than the LD protocol (which is the usual dose in our institution for this indication), similar to a
56

gé 245  2-views CXR, and to 30 days of natural radiation (22). Moreover, total dose of the entire exam
59

60 246 (around L.1 to 3 mSv) is lower than French diagnostic reference level of 6.65mSv.
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Recruitment and intervention

Patients included in the study are those referred for a diagnostic chest CT without contrast media
injection. On the day of the CT scan, a radiologist checks the eligibility criteria for the study, and
informs the patient who signs a participation consent form if he accepts to join the study. The
radiologist then collects the following parameters: height, weight, history of oncology, cardio-
respiratory pathology and exposure to smoking. The patient then undergoes the standard diagnostic
LD CT acquisition followed by the ULD acquisition. If, however, the dose of the LD acquisition is
greater than 6.65mSv (French diagnostic reference level), the ULD acquisition is not performed and
the patient is excluded from the data analysis. The patient's participation in the study is completed
once he leaves the examination room.

The CT images of the LD acquisition are analysed by the radiologist who gives his medical report for
the patient's medical management. If the number of nodules > 4 mm identified on this acquisition is
>6 in one lung, the patient will be excluded from the data analysis because the analysis of the

outcomes will be too complicated to implement.

Patient and Public Involvement

Patients or public were not directly involved in the development of the research question. However,
lowering the radiation dose is a rising concern for the patients and for public health. Patients were
also not directly involved in the design, the recruitment and the conduct of this study.

As aregular medical care, the report of the diagnostic LD CT is sent to the prescribing physician, and
to the patients at their request. According to French law, patients will be informed of the global results

of the study at their request.

Blind reading of outcomes
For LD, ULD50 and ULDI100 reconstructions, 2 radiologists will independently read all the

radiological parameters. In order to limit the number of exams assessed by each reader, 4 radiologists
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% 273 split into 2 pairs will participate in the blind reading. Each pair of radiologists (1 junior and 1 senior
g 274  radiologist) reads the three sets of images for the same patient in a random order.

? 275  The term “blind” means that radiologists have neither knowledge of the patient's identity nor access
S 276  to the results of diagnostic reading. To avoid patient identification, CT acquisitions are anonymized
10

:; 277 by deleting in the DICOM fields: the name, age and date of birth of the patient; the date and time of

13
14
1 5 . . . . . . .

16 279  reconstruction is identified by a random number that differs for each of the two readers. Radiologists
17

18 280  never read two series of the same patient consecutively.

19
20
21
22 . . . . .

23 282 ULD100 reconstructions. The three patient reconstructions are not necessarlly given the same day to
24

25283  both radiologists. In addition, the order of presentation is not identical for the two radiologists.
26

;é 284  The reading is performed on a diagnostic console (IMPAX software, 6.5.5.3502) (Agfa, Belgium)

278  the examination and the name of the referring radiologist for the diagnosis. Each patient

281  Anonymized exams are periodically transmitted to a pair with at least 15 LD, 15 ULDS50 and 15

9 . . . . L.
30 285 using Barco MDNC-312Imonitors (Barco, Courtrai, Belgium) and includes mediastinal and

31
32286  parenchymal filter reconstructions for each acquisition. The radiologist is free to adapt the level and
33

gg 287  width of the window to its reading practice (initial parenchymal window defined by a width of

36
37
38 . . .o, . . . .. .

39 289  space. The reading also includes the additional MIP reconstruction for each acquisition, in order to
40

41290  sensitize the detection of nodules (23) (this type of reading from MIP series is performed in clinical
42
43
44
45 : D . : : . .
46 292 Radiologists identify nodules of longer diameter >4mm by locating them with the slice number and
47

48 293  the lobe. It is known that each lung has three lobes (right upper lobe, middle lobe, right lower lobe,
49

g? 294  culmen, lingula, and left lower lobe). Each radiologist completes a reading grid for each

52

288  1500UH and a level of -600UH), and to perform multiplanar reconstructions in the different plans of

291  routine).

53 295  reconstruction with all detected nodule characteristics, evaluation of emphysema, coronary
54

55296 calcification and bronchial abnormalities.

56

gé 297  The completed grids are given to a Clinical Research Assistant for data entry and identification of

59

60 298  discrepancies in identification of nodules between the two radiologists.
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We consider that a nodule is the same between the two readers if:

e itis located in the same lobe

e the slice number is identical at &+ 5 slices (a nodule will be visible on several successive slices)

e the longest diameter of nodule is the same at + 2mm (24)
If these criteria are not respected or if a radiologist identifies one or more nodules in addition to or
less than the second radiologist, a consensus with a third CHUGA senior thoracic radiologist with 27
years of experience is obtained. This third radiologist is not part of the reading pairs. The consensus
is made from anonymized reconstructions and the reconstructions of the same patient are not
processed successively.
Besides, for every reconstruction is recorded:

- noise by measuring standard deviation in a region of interest placed in the tracheal air above

the carina,
- shape of the trachea which indicates inspiration degree,

- subjective image quality on a 3-point scale.

Data monitoring

All data is monitored by Grenoble-Alpes University Hospital (trial sponsor), in order to verify that
for every patient enrolled there is a signed consent form and that the inclusion and exclusion criteria
are respected. In addition all data collected in the case report form of every enrolled patient are

verified.

Sample size

With a 90% power, to have a sensitivity of detection of nodules with the ULD CT to 90% with a
confidence interval to £10%, it would be necessary to analyze 124 nodules. According to a
retrospective analysis of patients with indication of pulmonary nodule CT made at CHUGA, out of

420 patients per year with this indication, 210 present pulmonary nodules with a total of about 400
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% 325 nodules. It should therefore include about 140 patients to have 124 nodules to be analyzed.
g 326 Considering a 5% potential loss to follow-up or withdrawal of consent, the actual number of subjects
g 327 toinclude is 147 in total. To this are added three potential patients who could be secondarily excluded
S 328  from the study for a number of nodules >6 in one of the lungs. The total number of patients to include
10

:; 329 s 150. The sample size calculations were carried out using R software version 3.1.0 (library MKmisc,

13
14
15
16 331

17

18 332 Statistical analysis
19
20
21
22
23 334  taken into account to define the significance of the statistical tests. Analyses will be carried out in
24

25335  accordance with good statistical analysis practices after freezing of the database and will be carried
26

;é 336  out with the software R (version > 3.1.0).

330 function power.diagnostic.test) (25, 26, 27).

333 In this non-randomized study where each patient is his own control, the threshold p<0.05 will be

29 . . .
30 337  The normality of the quantitative parameters will be determined by the Shapiro-Wilks test or by

31
32 338 graphical verification of the symmetry of the distribution. When the normality of the distribution of
33

2‘5‘ 339  such a parameter has been demonstrated, it will be described by its mean and its standard deviation.

g? 340  Otherwise it will be described by its median, the 25th and the 75th percentile. The qualitative
38

39 341  parameters will be expressed in number and percentage.

40

41342  For the main objective, the sensitivity of the ULD CT (compared to the LD CT) for the detection of
42

43
44
45
46 344 1, the number of TP, FP, TN, FN, PPV, NPV and Sp of the ULD CT (compared to LD CT) will be
47

48 345  calculated. For secondary objectives 2, 5, 6 and 7, the concordance of the qualitative variables will
49

g? 346  be evaluated using the kappa coefficient. The concordance of the quantitative variables will be

343 nodules will be calculated and accompanied by a 95% confidence interval. For secondary objective

2 . . . . . .
53 347 evaluated using Lin's concordance coefficient. For each coefficient, the 95% confidence interval will

54
55 348  be given. For secondary objective 3, inter-observer reproducibility for qualitative variables will be
56
;73 349  evaluated using the kappa coefficient. It will be evaluated, for the quantitative variables, using the
59

60 350  ICC (intra class coefficient). For each coefficient, the 95% confidence interval will be given. For
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secondary objective 4, a logistic regression model will be implemented. The variable to be explained
will be the result of detecting each nodule in ULD CT compared to the LD CT (0 = good detection /
1 = bad detection). The explanatory variables will be the age, sex and BMI of the patient, the location
(lobe) and the size of the nodule. The size of the nodule can be used as a qualitative variable (<5Smm,
5-10mm,> 10mm).

An interim analysis including the analysis of the primary endpoint will be performed after inclusion
of the first 50 patients. This interim analysis will aim to: decide whether to continue or stop the study
for futility and readjust the number of patients if necessary (if the characteristics of the patients
included do not correspond to those initially planned (too many patients without nodules >4 mm)).
In order to maintain an overall threshold of 5% in the final analysis, the interim analysis will be
carried out with a threshold of 0.1%. The results of the interim analysis will be taken into account by
the steering committee to propose modifications to the analysis plan. For this interim analysis, data

from the confrontation between the two radiologists will be used.

Limitations

First limitation of our protocol is that we do not have a true screening population because there is no
organized lung cancer screening program in our country yet. Therefore, our study population
corresponds to patients routinely referred for lung nodule checkup or follow up instead of a risk-
factor based population.

Another limitation is that ULD CT is easily recognizable as the image noise is increased as compared
to LD CT, as well as ULD 50 and ULD 100 are possible to distinguish for an experienced radiologist.
As a consequence, readers were not blinded for these, but for patient name, sex, age, clinical status,
and CT report.

Recall bias is limited by a randomized order of presentation and cutting into several reading sessions.
Although we wanted to have a “western population”, we decided not to include obese patients with a

BMI>35, because ULD CT are of poorer quality, due to the need of more radiation-exposure to
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1

2 377 produce acceptable images. Vardhanabhuti and al. recently found a loss of nodule detection with
3

g 378 iterative reconstructed CT scanners at an effective dose of 0.14+0.01mSv for obese patients with
6

2 379  BMI>38 (28).

8

9 380 We decided to test percentage of 50 and 100% of ASIR-V. Tang and al. tested ASIR-V from 10 to
10

:; 381  100% in non-enhanced chest and showed ASIR-V has greater potential in reducing image noise and

13
14
15
16 383 highest image quality combining both the objective and subjective evaluation of images (29). This
17

18 384  finding, although occurring after the design of our study is close to our chosen 50% level of ASIR-
19
20
21
22 . . . .o, .

23 386  Finally, our study has been conceived before the recommendations of the EU Position statement
24

25387  published at the end of 2017(30). Therefore, we measured manually the nodules instead of using
26

;é 388  computerized volumetry.

382  artifacts and maintaining image sharpness when compared to ASIR, and 60% ASIR-V had the

385 V.
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36
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40
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52 . .. .
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dose CT with 50% ASIR-V reconstruction; ULD, ultra-low dose; ULDS50, ultra-low dose CT
with 50% ASIR-V reconstruction, ULD 100, ultra-low dose CT with 100% ASIR-V

reconstruction
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Trial registration data set :

Primary registry and trial identifying
number

Date of registration in primary
registry

Secondary identifying numbers

Source(s) of monetary or material
support

Primary sponsor

Secondary sponsor(s)
Contact for public queries
Contact for scientific queries

Public title

Scientific title

Country of recruitment

Health condition(s) or problem(s)
studied

Intervention(s)

Key inclusion and exclusion criteria

BMJ Open

ClinicalTrials.gov
NCT03305978

September 26, 2017
38RC17.132
University Hospital, Grenoble

University Hospital, Grenoble

French Thoracic Imaging Society

Emilie CHIPON, PhD, +33476767313, echipon@chu-grenaoble.fr
Gilbert FERRETTI, MD PhD, +3376767313, gferretti@chu-grenoble.fr

Pulmonary Nodule Detection; Comparison of an Ultra Low Dose vs Standard

Scan.

Detection of Pulmonary Nodules: Comparison of Ultra-low-dose Chest CT
(Approaching a Two Views Chest X-ray Radiation) and Standard Low Dose

CT. A Monocentric, Prospective, Non-randomized, Comparative, Open-label

Study With Blind Reading of the Judgment Criteria
France

Lung cancer screening, radiation exposure

Device: Ultra low dose chest CT

An additional ultra low dose CT row is performed for every subject besides
standard diagnostic low dose chest CT.

Other Name: Revolution CT (GE Healthcare) 442507CNO, equiped with
ASIR V

Device: Low dose chest CT
standard diagnostic low dose chest CT
Other Name: Revolution CT (GE Healthcare)

Ages eligible for study: >18 years
Sexes eligible for study: both
Accepts healthy volunteers: no

Inclusion criteria :
Patients referred for non enhanced chest CT for following indications :
- lung nodule search or control
- nodular abnormality on chest X ray
- statement of COPD or emphysema
- asbestos exposure
- nodule localization before radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of
iodinated intravenous contrast agent contraindication)
- statement before extrathoracic transplantation (in case of iodinated
intravenous contrast agent contraindication)
Affiliated with the french social security
Who signed consent

Exclusion criteria :

Inability to lie down and stay still during the examination
Inability to hold breath more than 5 seconds

Pneumonia in the last 3 months

Body mass index more than 35kg/m?

exclusion period of another interventionnal study
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Study type

Date of first enrolment
Target sample size
Recruitment status

Primary outcome(s)

Key secondary outcomes

Ethics Review

BMJ Open

referred for articles L1121-5 to L1121-8 of french public health code
Pregnant or breastfeeding women

Interventional

Allocation: Non-Randomized
Intervention Model: Sequential Assignment

Intervention Model Description: Major Patient Addressed for Thoracic CT

without Injection of Contrast
Masking: Single (Outcomes Assessor)
Masking Description: blinding evaluation of criteria

Primary purpose: diagnostic
October 3, 2017

150

Recruiting

Ultra low dose CT lung nodule detection sensibility [ Time Frame: 22

months ]

Detection rate (%) of >4mm lung nodules in ultra low dose chest CT versus
standard low

Ultra low dose CT diagnostic performances of lung nodule detection
[ Time Frame: 22 months ] :true positives, false positives, true
negatives, false negatives, positive predictive value, negative
predictive value, specificity, of >4mm lung nodules detection within
ultra low dose chest CT versus standard low dose chest CT
Concordance of >4mm lung nodules characteristics between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of size, density, type (true nodule or intrapulmonary
ganglion) of >4mm lung nodule between ultra low dose and standard
low dose chest CT

Ultra low dose CT inter-observer reproducibility [ Time Frame: 22
months ] : inter observer reproducibility for size, density and type of
>4mm lung nodule detected in ultra low dose CT

Influence of subjects characteristics, nodule location, and nodule
size on detection between ultra low dose and standard low dose
chest CT [ Time Frame: 22 months ] : analysis of subjects
characteristics (age, gender, body mass index), >4mm nodule
location, and >4 mm nodule size on detection between ultra low
dose and standard low dose chest CT

Concordance of emphysema characteristics between ultra low dose
and standard low dose chest CT [ Time Frame: 22 months ] :
comparison of emphysema detection, type (centrilobular, paraseptal,
panlobular, bullous) and distribution between ultra low dose and
standard low dose chest CT

Concordance of coronary calcification detection and quantification
between ultra low dose and standard low dose chest CT

[ Time Frame: 22 months ] : Comparison of Weston scores between
ultra low dose and standard low dose chest CT

Concordance of bronchial abnormalities evaluation between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of detection of bronchial thickening or dilatation
between ultra low dose and standard low dose chest CT

approved by the relevant ethical committee (Comité de Protection des
Personnes, CPP Sud-Est VI, France, CPP Reference: AU1342), on July 7,

2017
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.

Ann Intern Med. 2013;158(3):200-207

Page
Reporting ltem Number
Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name 4
of intended registry
Trial registration: #2b  All items from the World Health Organization Trial 17
data set Registration Data Set
Protocol version #3 Date and version identifier 18
Funding #4 Sources and types of financial, material, and other support 16
Roles and #5a Names, affiliations, and roles of protocol contributors 1;16
responsibilities:
contributorship
Roles and #5b  Name and contact information for the trial sponsor 2

responsibilities:

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdos Aq paraslold 1senb Aq 20z ‘0z YdreW uo /wod lwg uadolwg//:dny wols papeojumoq "6T0Z ISNBNy GT U0 T99520-8T0Z-uadolwag/9eTT 0T se paysignd 1siy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

sponsor contact
information

Roles and
responsibilities:
sponsor and funder

Roles and
responsibilities:
committees

Background and
rationale

Background and
rationale: choice of
comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:
description

#5c

#5d

#6a

#6b

#7

#8

#9

#10

#11a

BMJ Open

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have
ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating
centre, steering committee, endpoint adjudication
committee, data management team, and other individuals or
groups overseeing the trial, if applicable (see Item 21a for
data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant studies
(published and unpublished) examining benefits and harms
for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,
exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be
obtained

Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will
perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered
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1 Interventions: #11b Criteria for discontinuing or modifying allocated 11
; modifications interventions for a given trial participant (eg, drug dose

4 change in response to harms, participant request, or

Z improving / worsening disease)

573 Interventions: #11c Strategies to improve adherence to intervention protocols, n/a
?o adherance and any procedures for monitoring adherence (eg, drug

11 tablet return; laboratory tests)

12

1‘31 Interventions: #11d Relevant concomitant care and interventions that are n/a
15 concomitant care permitted or prohibited during the trial

16

17 Outcomes #12 Primary, secondary, and other outcomes, including the 8
12 specific measurement variable (eg, systolic blood pressure),

20 analysis metric (eg, change from baseline, final value, time

21 . , .

2 to event), method of aggregation (eg, median, proportion),

23 and time point for each outcome. Explanation of the clinical

;g relevance of chosen efficacy and harm outcomes is strongly

26 recommended

27

;g Participant timeline #13 Time schedule of enrolment, interventions (including any 7
30 run-ins and washouts), assessments, and visits for

g; participants. A schematic diagram is highly recommended

33 (see Figure)

34

gg Sample size #14  Estimated number of participants needed to achieve study 13
37 objectives and how it was determined, including clinical and

gg statistical assumptions supporting any sample size

40 calculations

41

42 Recruitment #15  Strategies for achieving adequate participant enrolment to 11
22 reach target sample size

22 Allocation: sequence #16a Method of generating the allocation sequence (eg, n/a
2273 generation computer-generated random numbers), and list of any

49 factors for stratification. To reduce predictability of a random

g? sequence, details of any planned restriction (eg, blocking)

52 should be provided in a separate document that is

gi unavailable to those who enrol participants or assign

55 interventions

56

57 Allocation #16b Mechanism of implementing the allocation sequence (eg, n/a
gg concealment central telephone; sequentially numbered, opaque, sealed
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mechanism envelopes), describing any steps to conceal the sequence
until interventions are assigned

Allocation: #16¢c  Who will generate the allocation sequence, who will enrol
implementation participants, and who will assign participants to
interventions

Blinding (masking) #17a Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data
analysts), and how

Blinding (masking): #17b If blinded, circumstances under which unblinding is
emergency permissible, and procedure for revealing a participant’s
unblinding allocated intervention during the trial

Data collection plan  #18a Plans for assessment and collection of outcome, baseline,
and other trial data, including any related processes to
promote data quality (eg, duplicate measurements, training
of assessors) and a description of study instruments (eg,
questionnaires, laboratory tests) along with their reliability
and validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Data collection plan:  #18b Plans to promote participant retention and complete follow-

retention up, including list of any outcome data to be collected for
participants who discontinue or deviate from intervention
protocols

Data management #19 Plans for data entry, coding, security, and storage, including
any related processes to promote data quality (eg, double
data entry; range checks for data values). Reference to
where details of data management procedures can be
found, if not in the protocol

Statistics: outcomes  #20a Statistical methods for analysing primary and secondary
outcomes. Reference to where other details of the statistical
analysis plan can be found, if not in the protocol

Statistics: additional ~ #20b Methods for any additional analyses (eg, subgroup and
analyses adjusted analyses)

Statistics: analysis #20c Definition of analysis population relating to protocol non-
population and adherence (eg, as randomised analysis), and any statistical

missing data methods to handle missing data (eg, multiple imputation)
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Data monitoring:
formal committee

Data monitoring:
interim analysis

Harms

Auditing

Research ethics
approval

Protocol
amendments

Consent or assent

Consent or assent:
ancillary studies

Confidentiality

Declaration of
interests

Data access

#21a

#21b

#22

#23

#24

#25

#26a

#26b

#27

#28

#29

BMJ Open

Composition of data monitoring committee (DMC); summary
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and
reference to where further details about its charter can be
found, if not in the protocol. Alternatively, an explanation of
why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and
make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from
investigators and the sponsor

Plans for seeking research ethics committee / institutional
review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial
participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see
Item 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after the
trial

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,
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Ancillary and post
trial care

Dissemination policy:
trial results

Dissemination policy:
authorship

Dissemination policy:
reproducible
research

Informed consent
materials

Biological specimens

#30

#31a

#31b

#31c

#32

#33

BMJ Open

and disclosure of contractual agreements that limit such
access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),
including any publication restrictions

Authorship eligibility guidelines and any intended use of
professional writers

Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Model consent form and other related documentation given
to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of

biological specimens for genetic or molecular analysis in the

current trial and for future use in ancillary studies, if
applicable

Page 32 of 32

n/a

16

n/a

n/a

n/a

n/a

The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-
BY-ND 3.0. This checklist was completed on 23. July 2018 using http://www.goodreports.org/, a tool
made by the EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT

Introduction:

Lung cancer screening in individuals at risk has been recommended by various scientific institutions.
One of the main concerns for CT screening is repeated radiation exposure, with the risk of inducing
malignancies in healthy individuals. Therefore, lowering the radiation dose is one of the main
objectives for radiologists. The aim of this study is to demonstrate that an ultra-low dose (ULD) chest
CT protocol, using recently introduced hybrid iterative reconstruction (ASiR-V, GE medical
Healthcare, Milwaukee, WI, USA), is as performant as a standard “low dose” (LD) CT to detect non
calcified lung nodules > 4mm.

Methods and analysis:

The total number of patients to include is 150. Those are referred for non-enhanced chest CT for
detection or follow-up of lung nodule and will undergo an additional unenhanced ULD CT
acquisition, the dose of which is on average 10 times lower than the conventional LD acquisition.
Total dose of the entire exam (LD + ULD) is lower than the French diagnostic reference level for a
chest CT (6.65 milliSievert). ULD CT images will be reconstructed with 50% and 100% ASIR-V,
and LD CT with 50%. The 3 sets of images will be read in random order by two pair of radiologists,
in a blind test, where patient identification and study outcomes are concealed. Detection rate
(sensitivity) is the primary outcome. Secondary outcomes will include concordance of nodule
characteristics; inter-observer reproducibility; influence of subjects’ characteristics, nodule location,
and nodule size; and concordance of emphysema, coronary calcifications evaluated by visual scoring
and bronchial alterations between LD and ULD CT. In case of discordance, a third radiologist will
arbitrate.

FEthics and dissemination:

The study was approved by the relevant ethical committee. Each study participant will sign an
informed consent form.

Trial registration number: Clinicaltrials.gov NCT03305978
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ARTICLE SUMMARY:
STRENGTHS AND LIMITATIONS OF THIS STUDY
- We will evaluate the sensitivity of an ultra-low dose CT, delivering 10 times less radiation
than conventional low-dose CT, to detect lung nodules, in a French population of 150
patients referred for lung nodule check-up or follow-up.
- We will use a recently introduced hybrid iterative reconstruction (ASiR-V) and different
levels of ASIR-V will be assessed
- Nodules characteristics will be analyzed in particular the diagnosis of intrapulmonary lymph
node, which is a benign lesion.
- Patients with morbid obesity (BMI>35) will not be included as image quality of ultra-low
dose CT is not acceptable for those morphotypes.
- Readers will be aware of the type of CT acquisition (LD and ULD) and reconstruction,

because they are easily recognizable due to the different level of image noise.
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INTRODUCTION

Lung cancer is the deadliest cancer in the world (1), mainly due to the fact that it is often diagnosed
at advanced stages that are not surgically curable. The current challenge is therefore to detect lung
cancer at early asymptomatic stages. Risk factors such as smoking and occupational exposure (mainly
asbestos, silica, arsenic, chromium, iron, coal, ionising radiation) are well known and enable to define
the target population for such programs.

The National Lung Screening Trial (NLST) was the first study to show that a low dose (LD) (average
effective dose of 1.5mSv) computed tomography (CT) lung cancer screening reduced specific death
by 20% (95% CI, 6.8 to 26.7; P=0.004) as compared with chest X Ray (CXR) screening (single-view
posteroanterior) in actual or former smokers (>30 pack years) patients between 55 and 74 years old
(2).

Other lung cancer screening studies are still in progress in Europe, such as the NELSON study in
Belgium and the Netherlands, the results of which are expected to be reported soon (3)

However, the drawback of using LD CT at such doses (<1.5 millisievert (mSv)) is that even though
irradiating less than standard chest CT, the radiation exposure is still on average 10 times higher than
a 2 views CXR, and may be a risk for induced malignancies in itself. (4)

In this context, great efforts are currently being made by CT manufacturers to reduce the dose and
maintain diagnostic quality. Technologies such as automated exposure control, lower tube current
and iterative reconstruction (5), were recently introduced, enabling further dose decrease for chest
CTs, and the concept of “ultra-low dose (ULD) CT” (or submillisievert CT), which delivers a
radiation dose approaching that of 2 CXR views at the cost of a slight deterioration of the image
quality (6). Among these technological advances, the most significant is probably the new iterative
reconstruction whether full iterative or hybrid. (7,8,9,10)

Promising results have been published for lung nodule detection with ULD CT (11,12,13). However,
these studies were conducted on Asian populations, which may have different morphotypes compared

to Caucasian populations.
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% 117  Huber and al. performed a phantom study comparing standard, LD and ULD CT for detection of
g 118  pulmonary nodules. When compared to standard CT, the detection rate was 95.5% for LD CT (1.76
? 119  mSv), and 93.3% for ULD CT (0.13mSv), increasing at 97.5% when adding computer aided diagnosis
S 120  and maximal intensity projection (14).

10

1; 121 Since we started to design our study protocol, Messerli and al. published a study including 202

13
14
15
16 123 (0.13+/-0.01mSv) as compared to LD CT (1.8 £0.7 mSv). Sensitivity was significantly higher for
17

18 124 larger nodule diameter, lower BMI patients, lower image noise and for solid and calcified nodules
19

20

5 125 (15).

22

23 126 Neroladaki and al. showed the same number of detected nodules between an ULD acquisition
24

25127  (0.16+0.006mSv) with iterative reconstruction and a standard dose filtered back projection
26

;é 128  acquisition (11.2+2.7mSv), and more nodules detected with model based iterative reconstruction

29 .. . . . .
30 129  (MBIR) than adaptive statistical iterative reconstruction (ASIR) (16). MBIR is known to better

31
32130 minimize image noise compared to ASIR : Ichikawa and al found a significantly lower image noise
33

2‘51 131 with LD (1.6 £ 0.8 mSv) MBIR CT (11.6 + 1.0 Hounsfield units (HU)) than with LD ASIR CT (21.1

36
37
38 . . . . . . . .

39 133 no difference in image quality scores for consolidation or mass, ground-glass attenuation, or reticular
40

41 134 opacity with MBIR compared to ASIR LD CT (8). But MBIR may slightly deteriorate lesion margin
42
43
44
45 . . . : . o . .
46 136 less than 10 minutes in the machine. ASIR-V is the latest generation of hybrid iterative reconstruction
47

48 137  (GE medical Healthcare, Milwaukee, WI). It combines ASIR and MBIR and enables a better noise
49

g? 138  reduction than ASIR, with a processing time of only few minutes, suitable to a routine chest CT
52

53 139 session (17).

54

55 140

56

;73 141 According to the ALARA (as low as reasonably achievable) principle, we hope to validate our ULD
59
60

122 patients referred for any clinically indicated chest CT. 91.2% nodules were detected using ULD CT

132 +£2.6 HU, p <0.0005), a slightly better image quality score for decreased lung attenuation lesion, and

135  (9), and significantly increases reconstruction time, taking more than 30 minutes, when patients lie

142 chest CT protocol (<0.2mSv), the dose of which is 10 times lower than a usual LD CT, as a sensitive
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tool to detect lung nodules. Thus, this ULD CT acquisition could be generalized for lung nodules
detection and would consolidate the setup of lung cancer screening programs. Also, this would allow
the generalization of ULD protocols, for radiation sensitive populations (children and young adults

in particular).

METHODS AND ANALYSIS

Study design and objectives

The objectives of this study are to evaluate the performance of ULD CT for the detection of lung
nodules, and the evaluation of nodule characteristics in comparison to LD CT. Furthermore, as
smoking is a common risk factor, performance for the detection of cardiac and respiratory associated
diseases (bronchial abnormalities, emphysema, coronary calcifications) is also evaluated.

An additional ULD CT is performed in patients referred for non-enhanced chest CT for lung nodules
check-up or follow-up. The dose delivered with both acquisitions is still lower than the French
diagnostic reference level (6.65mSv). We chose to only include nodules > 4mm as the incidence of
cancer is very low below this threshold, and are not currently considered as clinically significant (18).
Nodules <3mm are considered as micronodules and the recommendation from the Fleischner Society
recommends that such nodules should not be measured, given inherent accuracy limitations and
variability in determining whether the lesion is a solid, part-solid, or ground-glass nodule (19). A 4
mm threshold was also used for the NLST study (2). In addition, fully calcified nodules are excluded
from the analysis because they are constantly benign and easily detected.

We will study nodule subtypes (solid, part-solid and pure ground-glass) and size. Furthermore we
will evaluate the performance of ULD CT to diagnose intrapulmonary lymph nodes, which are benign
nodules not needing follow up (20), and were not analyzed in previous ULD CT studies.

This trial sponsored by the Grenoble-Alpes University Hospital (CHUGA, France) is designed as a
monocentric, prospective, non-randomized study in which the patient is his own control. All

outcomes are evaluated by blinded double reading. Patient enrollment started in October 2017 and is
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1

2 169 expected to be completed in September 2018. Figure 1 summarizes the process of inclusion,
3

g 170  intervention and reading, described in detail below.

6 .

- 171 Primary outcome

8

9 172  Detection rate (sensitivity) of lung nodules in ULD chest CT using the conventional chest LD CT as
10

1; 173 gold-standard.

13

14 174 Secondary outcomes

15
16 175 1) Diagnostic criteria: true positive (TP), false positive (FP), true negative (TN), false negative (FN),
17

18 176 positive predictive value (PPV), negative predictive value (NPV), Specificity (Sp) of ULD CT
19

;? 177  2) Concordance of nodule’s size, subtype, and diagnosis of typical intrapulmonary lymph node among
22

23 178  lung nodules between ULD and LD CT

24

;2 179  3) Inter-observer reproducibility for size, subtype and diagnosis of lung nodules in ULD CT

;é 180  4) Influence of subjects characteristics (age, sex, BMI), nodule location, and nodule size on lung
gg 181  nodule detection with ULD CT

2; 182  5) Concordance of emphysema detection, type and distribution between ULD and LD CT

33

2‘5‘ 183  6) Concordance of Weston score of coronary calcifications between ULD and LD CT

36
37
38
39185 ULDand LD CT
40

41 186

42
43
44
45
46 188  Inclusion criteria

47

48 189 e aged 18 years or older
49
50
51
52
53 191 - lung nodule check-up or follow-up
54

55192 - nodular abnormality on chest X ray

184  7) Concordance of visual assessment of bronchial thickening, mucoid impaction or dilatation between

187  Eligibility Criteria

190 e referred for non-enhanced chest CT for the following indications:

57

e 193 - morphologic assessment of chronic obstructive pulmonary disease (COPD) or

60 194 emphysema
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30 207
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40

41
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43

44 213
45

46 214
47
48

49 215

50
51 216
52

53 217
54

35718

57
55 219

59
60 220

- asbestos exposure
- assessment before lung radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of iodinated
intravenous contrast agent contraindication)
- Check-up before extra-thoracic transplantation (in case of iodinated intravenous
contrast agent contraindication).
Exclusion criteria
e Inability to lie down and stay still during the examination
e Inability to hold breath for more than 5 seconds
e Pneumonia in the last 3 months
¢ Body mass index (BMI) more than 35kg/m?

e Pregnant or breastfeeding women

CT scan acquisitions and reconstructions

The LD and ULD acquisitions are performed on the Revolution CT scanner (GE medical Healthcare,
Milwaukee, WI, USA) equipped with the third generation ASIR-V iterative reconstruction.
Acquisitions are performed successively in the same CT exam, in the supine position and at
suspended full inspiration. Both acquisitions cover the same pulmonary fields from the apex to the
costo-diaphragmatic angle, determined on the scout views (2 views).

The LD acquisition is the reference exam for the diagnosis of pulmonary nodules. The acquisition
parameters are: spiral CT scanning; 120kVp; automatic modulation of 3D radiation dose (“Smart
mA”+ Organ Dose Modulation) with lower bound 100mA, maximal bound 200mA and noise index
10; rotation time: 0.35sec ; modulation 35-70 mAs; pitch = 0.992 :1 and collimation: 80mm. The
radiation dose, CTDIvol (volume CT dose index) and DLP (Dose Length Product = CTDIvol x length

of exposure) may vary depending on patient attenuation and length of the acquisition. The expected
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% 221 DLP is between 70 and 200mGy.cm (0.98mSv to 2.8mSv) (the effective dose is calculated by
g 222 multiplying DLP by a thoracic conversion factor of 0.014 (21)), for an average DLP of 100mGy.cm.
? 223 The ULD CT acquisition parameters are: spiral CT scanning; 120kVp; fixed tube current of 10mA;
g 224  rotation time: 0.35s; 3.5 mAs; pitch: 0.992 :1, collimation: 80mm. These parameters are fixed for all
10

:; 225  patients. The CTDlIvol is constant at 0.24mGy. The DLP will depend only on the length of the

13
14
15 _ . L
16 227  the mA is deactivated to allow a very low tube current and therefore an ULD acquisition. The ULD
17

18 228  acquisition increases the exam time by up to two minutes.

19
20
21
22 . . . . . . .
23230 filter and lung filter; contiguous 8-mm thickness Maximal Intensity projection (MIP) reconstruction,
24

25231  and iterative reconstruction with different percentages. We use ASIR-V in our study which is the
26

;é 232 latest generation of iterative reconstruction techniques. It blends hybrid iterative reconstruction and

226  acquired chest, different for each patient, expected around 10mGy.cm (0.14mSv). The modulation of

229  The reconstruction parameters are identical for both acquisitions: slice thickness: 1.25mm; standard

29 .. . .
30 233 standard filtered back projection. The percentage of ASIR-V represents the amount of iterative

31
32 234  reconstruction, from 0% (filtered back projection only) to 100% iterative reconstruction, which
33

gg 235  modifies image noise and texture. When designing our study, ASIR-V was not yet studied for chest

36
37
38
39 237  on radiologist practice and preferences. We decided to test percentages of iterative reconstruction of
40

41238  50% and 100%. The LD CT images are reconstructed with 50% ASIR-V (LD) and the ULD CT
42

236 CT. The CT vendor engineers suggested an empirical percentage between 40 up to 100%, depending

4> 239 images with 50% (ULD50) and 100% (ULD100) ASIR-V.

45

46 240 The statistical analyses will be performed twice: with ULD50 and ULD100.
47

jg 241 For every patient, CTDIvol and DLP are recorded. Effective dose and Size Specific Dose Estimates
g? 242 (SSDE) will be then calculated. Concerning the additional radiation for included patients, our ULD
gg 243 CT protocol has an expected effective dose between 0.10 and 0.20 mSv, which is about 6 to 20 times
gg 244 lower than the LD protocol (which is the usual dose in our institution for this indication), similar to a
56

gé 245  2-views CXR, and to 30 days of natural radiation (22). Moreover, total dose of the entire exam
59

60 246 (around L.1 to 3 mSv) is lower than French diagnostic reference level of 6.65mSv.
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Recruitment and intervention

Patients included in the study are those referred for a diagnostic chest CT without contrast media
injection. On the day of the CT scan, a radiologist checks the eligibility criteria for the study, and
informs the patient who signs a participation consent form if he accepts to join the study. The
radiologist then collects the following parameters: height, weight, history of oncology, cardio-
respiratory pathology and exposure to smoking. The patient then undergoes the standard diagnostic
LD CT acquisition followed by the ULD acquisition. If, however, the dose of the LD acquisition is
greater than 6.65mSv (French diagnostic reference level), the ULD acquisition is not performed and
the patient is excluded from the data analysis. The patient's participation in the study is completed
once he leaves the examination room.

The CT images of the LD acquisition are analysed by the radiologist who gives his medical report for
the patient's medical management. If the number of nodules > 4 mm identified on this acquisition is
>6 in one lung, the patient will be excluded from the data analysis because the analysis of the

outcomes will be too complicated to implement.

Patient and Public Involvement

Patients or public were not directly involved in the development of the research question. However,
lowering the radiation dose is a rising concern for the patients and for public health. Patients were
also not directly involved in the design, the recruitment and the conduct of this study.

As aregular medical care, the report of the diagnostic LD CT is sent to the prescribing physician, and
to the patients at their request. According to French law, patients will be informed of the global results

of the study at their request.

Blind reading of outcomes
For LD, ULD50 and ULDI100 reconstructions, 2 radiologists will independently read all the

radiological parameters. In order to limit the number of exams assessed by each reader, 4 radiologists
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% 273 split into 2 pairs will participate in the blind reading. Each pair of radiologists (1 junior and 1 senior
g 274  radiologist) reads the three sets of images for the same patient in a random order.

? 275  The term “blind” means that radiologists have neither knowledge of the patient's identity nor access
S 276  to the results of diagnostic reading. To avoid patient identification, CT acquisitions are anonymized
10

:; 277 by deleting in the DICOM fields: the name, age and date of birth of the patient; the date and time of

13
14
1 5 . . . . . . .

16 279  reconstruction is identified by a random number that differs for each of the two readers. Radiologists
17

18 280  never read two series of the same patient consecutively.

19
20
21
22 . . . . .

23 282 ULD100 reconstructions. The three patient reconstructions are not necessarlly given the same day to
24

25283  both radiologists. In addition, the order of presentation is not identical for the two radiologists.
26

;é 284  The reading is performed on a diagnostic console (IMPAX software, 6.5.5.3502) (Agfa, Belgium)

278  the examination and the name of the referring radiologist for the diagnosis. Each patient

281  Anonymized exams are periodically transmitted to a pair with at least 15 LD, 15 ULDS50 and 15

9 . . . . L.
30 285 using Barco MDNC-312Imonitors (Barco, Courtrai, Belgium) and includes mediastinal and

31
32286  parenchymal filter reconstructions for each acquisition. The radiologist is free to adapt the level and
33

gg 287  width of the window to its reading practice (initial parenchymal window defined by a width of

36
37
38 . . .o, . . . .. .

39 289  space. The reading also includes the additional MIP reconstruction for each acquisition, in order to
40

41290  sensitize the detection of nodules (23) (this type of reading from MIP series is performed in clinical
42
43
44
45 : D . : : . .
46 292 Radiologists identify nodules of longer diameter >4mm by locating them with the slice number and
47

48 293  the lobe. It is known that each lung has three lobes (right upper lobe, middle lobe, right lower lobe,
49

g? 294  culmen, lingula, and left lower lobe). Each radiologist completes a reading grid for each

52

288  1500UH and a level of -600UH), and to perform multiplanar reconstructions in the different plans of

291  routine).

53 295  reconstruction with all detected nodule characteristics, evaluation of emphysema, coronary
54

55296 calcification and bronchial abnormalities.

56

gé 297  The completed grids are given to a Clinical Research Assistant for data entry and identification of

59

60 298  discrepancies in identification of nodules between the two radiologists.
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We consider that a nodule is the same between the two readers if:

e itis located in the same lobe

e the slice number is identical at &+ 5 slices (a nodule will be visible on several successive slices)

e the longest diameter of nodule is the same at = 2mm (24)
If these criteria are not respected or if a radiologist identifies one or more nodules in addition to or
less than the second radiologist, a consensus with a third CHUGA senior thoracic radiologist with 27
years of experience is obtained. This third radiologist is not part of the reading pairs. The consensus
is made from anonymized reconstructions and the reconstructions of the same patient are not
processed successively.
Besides, for every reconstruction is recorded:

- noise by measuring standard deviation in a region of interest placed in the tracheal air above

the carina,
- shape of the trachea which indicates inspiration degree,

- subjective image quality on a 3-point scale.

Data monitoring

All data is monitored by Grenoble-Alpes University Hospital (trial sponsor), in order to verify that
for every patient enrolled there is a signed consent form and that the inclusion and exclusion criteria
are respected. In addition all data collected in the case report form of every enrolled patient are

verified.

Sample size

With a 90% power, to have a sensitivity of detection of nodules with the ULD CT to 90% with a
confidence interval to £10%, it would be necessary to analyze 124 nodules. According to a
retrospective analysis of patients with indication of pulmonary nodule CT made at CHUGA, out of

420 patients per year with this indication, 210 present pulmonary nodules with a total of about 400
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% 325 nodules. It should therefore include about 140 patients to have 124 nodules to be analyzed.
g 326 Considering a 5% potential loss to follow-up or withdrawal of consent, the actual number of subjects
? 327 toinclude is 147 in total. To this are added three potential patients who could be secondarily excluded
S 328  from the study for a number of nodules >6 in one of the lungs. The total number of patients to include
10

:; 329 s 150. The sample size calculations were carried out using R software version 3.1.0 (library MKmisc,

13
14
15
16 331

17

18 332 Statistical analysis
19
20
21
22
23 334  taken into account to define the significance of the statistical tests. Analyses will be carried out in
24

25335  accordance with good statistical analysis practices after freezing of the database and will be carried
26

;é 336  out with the software R (version > 3.1.0).

330 function power.diagnostic.test) (25, 26, 27).

333 In this non-randomized study where each patient is his own control, the threshold p<0.05 will be

29 . . . .
30 337  The normality of the dependent quantitative parameters will be determined by the Shapiro-Wilks test

31
32 338 or by graphical verification of the symmetry of the distribution. When the normality of the distribution
33

gg 339  of'such a parameter has been demonstrated, it will be described by its mean and its standard deviation.

g? 340  Otherwise it will be described by its median, the 25th and the 75th percentile. The qualitative
38

39 341  parameters will be expressed in number and percentage.

40

41342  For the main objective, the sensitivity of the ULD CT (compared to the LD CT) for the detection of
42

43
44
45
46 344 1, the number of TP, FP, TN, FN, PPV, NPV and Sp of the ULD CT (compared to LD CT) will be
47

48 345  calculated. For secondary objectives 2, 5, 6 and 7, the concordance of the qualitative variables will
49

g? 346  be evaluated using the kappa coefficient. The concordance of the quantitative variables will be

343 nodules will be calculated and accompanied by a 95% confidence interval. For secondary objective

2 . . . . . .
53 347 evaluated using Lin's concordance coefficient. For each coefficient, the 95% confidence interval will

54
55 348  be given. For secondary objective 3, inter-observer reproducibility for qualitative variables will be
56
gé 349  evaluated using the kappa coefficient. It will be evaluated, for the quantitative variables, using the
59

60 350  ICC (intra class coefficient). For each coefficient, the 95% confidence interval will be given. For

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 15 of 32 BMJ Open

351

352

353

oNOYTULT D WN =

- ©

o
w
Ul
B

11 355
12

13
14
15
16 357
17
18 358
19
20
51 359

22
23 360

24
25 361
26

27 362
28

356

29
30 363
31

32 364
33

34 365
35

36
37
38
39 367
40
41 368
42
43
44 369
45
46 370
47

48 371
49
20 377
51
52
54
55 374
56
>7 375
58
59
60

366

376

secondary objective 4, a logistic regression model will be implemented. The variable to be explained
will be the result of detecting each nodule in ULD CT compared to the LD CT (0 = good detection /
1 = bad detection). The explanatory variables will be the age, sex and BMI of the patient, the location
(lobe) and the size of the nodule. The size of the nodule can be used as a qualitative variable (<5Smm,
5-10mm,> 10mm).

An interim analysis including the analysis of the primary endpoint will be performed after inclusion
of the first 50 patients. This interim analysis will aim to: decide whether to continue or stop the study
for futility and readjust the number of patients if necessary (if the characteristics of the patients
included do not correspond to those initially planned (too many patients without nodules >4 mm)).
In order to maintain an overall threshold of 5% in the final analysis, the interim analysis will be
carried out with a threshold of 0.1% (28). The results of the interim analysis will be taken into account
by the steering committee to propose modifications to the analysis plan. For this interim analysis,

data from the confrontation between the two radiologists will be used.

Limitations

First limitation of our protocol is that we do not have a true screening population because there is no
organized lung cancer screening program in our country yet. Therefore, our study population
corresponds to patients routinely referred for lung nodule checkup or follow up instead of a risk-
factor based population.

Another limitation is that ULD CT is easily recognizable as the image noise is increased as compared
to LD CT, as well as ULD 50 and ULD 100 are possible to distinguish for an experienced radiologist.
As a consequence, readers were not blinded for these, but for patient name, sex, age, clinical status,
and CT report.

Recall bias is limited by a randomized order of presentation and cutting into several reading sessions.
Although we wanted to have a “western population”, we decided not to include obese patients with a

BMI>35, because ULD CT are of poorer quality, due to the need of more radiation-exposure to
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1

2 377 produce acceptable images. Vardhanabhuti and al. recently found a loss of nodule detection with
3

g 378 iterative reconstructed CT scanners at an effective dose of 0.14+0.01mSv for obese patients with
6

2 379  BMI>38(29).

8

9 380 We decided to test percentage of 50 and 100% of ASIR-V. Tang and al. tested ASIR-V from 10 to
10

:; 381  100% in non-enhanced chest and showed ASIR-V has greater potential in reducing image noise and

13
14
1 5 . . . . . . . . . . . .
16 383 highest image quality combining both the objective and subjective evaluation of images (30). This
17

18 384  finding, although occurring after the design of our study is close to our chosen 50% level of ASIR-
19
20
21
22 . . . .o, .

23 386  Finally, our study has been conceived before the recommendations of the EU Position statement
24

25387  published at the end of 2017(31). Therefore, we measured manually the nodules instead of using
26

;é 388  computerized volumetry.

382  artifacts and maintaining image sharpness when compared to ASIR, and 60% ASIR-V had the

385 V.

29
30 389
31

32390 FUNDING
33

gg 391  This trial is funded by the Delegation to Clinical Research and Innovation (DRCI) of Grenoble-Alpes

36
37
38
39 393  to publish, or preparation of the manuscript.
40

41 394

42
43
44
45
46 396 M. Ludwig is the corresponding author and contributed to the conception of the study, to the inclusion
47

48 397  of patients, to the blind reading of outcomes and to the drafting of the manuscript.

49

g (1) 398  E. Chipon contributed to the conception of the study, to the drafting of the manuscript, and is
52 . .. .

53 399  responsible for data management and its integrity.

54

55400 J. Cohen contributed to the conception of the study, to the inclusion of patients, to the blind reading
56

gé 401  of outcomes and to the revision of the manuscript.

59

60
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Trial registration data set :

Primary registry and trial identifying
number

Date of registration in primary
registry

Secondary identifying numbers

Source(s) of monetary or material
support

Primary sponsor

Secondary sponsor(s)
Contact for public queries
Contact for scientific queries

Public title

Scientific title

Country of recruitment

Health condition(s) or problem(s)
studied

Intervention(s)

Key inclusion and exclusion criteria

BMJ Open

ClinicalTrials.gov
NCT03305978

September 26, 2017
38RC17.132
University Hospital, Grenoble

University Hospital, Grenoble

French Thoracic Imaging Society

Emilie CHIPON, PhD, +33476767313, echipon@chu-grenaoble.fr
Gilbert FERRETTI, MD PhD, +3376767313, gferretti@chu-grenoble.fr

Pulmonary Nodule Detection; Comparison of an Ultra Low Dose vs Standard

Scan.

Detection of Pulmonary Nodules: Comparison of Ultra-low-dose Chest CT
(Approaching a Two Views Chest X-ray Radiation) and Standard Low Dose

CT. A Monocentric, Prospective, Non-randomized, Comparative, Open-label

Study With Blind Reading of the Judgment Criteria
France

Lung cancer screening, radiation exposure

Device: Ultra low dose chest CT

An additional ultra low dose CT row is performed for every subject besides
standard diagnostic low dose chest CT.

Other Name: Revolution CT (GE Healthcare) 442507CNO, equiped with
ASIR V

Device: Low dose chest CT
standard diagnostic low dose chest CT
Other Name: Revolution CT (GE Healthcare)

Ages eligible for study: >18 years
Sexes eligible for study: both
Accepts healthy volunteers: no

Inclusion criteria :
Patients referred for non enhanced chest CT for following indications :
- lung nodule search or control
- nodular abnormality on chest X ray
- statement of COPD or emphysema
- asbestos exposure
- nodule localization before radio frequency ablation
- assessment of disease extent of an extra thoracic cancer (in case of
iodinated intravenous contrast agent contraindication)
- statement before extrathoracic transplantation (in case of iodinated
intravenous contrast agent contraindication)
Affiliated with the french social security
Who signed consent

Exclusion criteria :

Inability to lie down and stay still during the examination
Inability to hold breath more than 5 seconds

Pneumonia in the last 3 months

Body mass index more than 35kg/m?

exclusion period of another interventionnal study
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Study type

Date of first enrolment
Target sample size
Recruitment status

Primary outcome(s)

Key secondary outcomes

Ethics Review

BMJ Open

referred for articles L1121-5 to L1121-8 of french public health code
Pregnant or breastfeeding women

Interventional

Allocation: Non-Randomized
Intervention Model: Sequential Assignment

Intervention Model Description: Major Patient Addressed for Thoracic CT

without Injection of Contrast
Masking: Single (Outcomes Assessor)
Masking Description: blinding evaluation of criteria

Primary purpose: diagnostic
October 3, 2017

150

Recruiting

Ultra low dose CT lung nodule detection sensibility [ Time Frame: 22

months ]

Detection rate (%) of >4mm lung nodules in ultra low dose chest CT versus
standard low

Ultra low dose CT diagnostic performances of lung nodule detection
[ Time Frame: 22 months ] :true positives, false positives, true
negatives, false negatives, positive predictive value, negative
predictive value, specificity, of >4mm lung nodules detection within
ultra low dose chest CT versus standard low dose chest CT
Concordance of >4mm lung nodules characteristics between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of size, density, type (true nodule or intrapulmonary
ganglion) of >4mm lung nodule between ultra low dose and standard
low dose chest CT

Ultra low dose CT inter-observer reproducibility [ Time Frame: 22
months ] : inter observer reproducibility for size, density and type of
>4mm lung nodule detected in ultra low dose CT

Influence of subjects characteristics, nodule location, and nodule
size on detection between ultra low dose and standard low dose
chest CT [ Time Frame: 22 months ] : analysis of subjects
characteristics (age, gender, body mass index), >4mm nodule
location, and >4 mm nodule size on detection between ultra low
dose and standard low dose chest CT

Concordance of emphysema characteristics between ultra low dose
and standard low dose chest CT [ Time Frame: 22 months ] :
comparison of emphysema detection, type (centrilobular, paraseptal,
panlobular, bullous) and distribution between ultra low dose and
standard low dose chest CT

Concordance of coronary calcification detection and quantification
between ultra low dose and standard low dose chest CT

[ Time Frame: 22 months ] : Comparison of Weston scores between
ultra low dose and standard low dose chest CT

Concordance of bronchial abnormalities evaluation between ultra
low dose and standard low dose chest CT [ Time Frame: 22 months ]
: comparison of detection of bronchial thickening or dilatation
between ultra low dose and standard low dose chest CT

approved by the relevant ethical committee (Comité de Protection des
Personnes, CPP Sud-Est VI, France, CPP Reference: AU1342), on July 7,

2017
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRIT reporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.

Ann Intern Med. 2013;158(3):200-207

Page
Reporting ltem Number
Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name 4
of intended registry
Trial registration: #2b  All items from the World Health Organization Trial 17
data set Registration Data Set
Protocol version #3 Date and version identifier 18
Funding #4 Sources and types of financial, material, and other support 16
Roles and #5a Names, affiliations, and roles of protocol contributors 1;16
responsibilities:
contributorship
Roles and #5b  Name and contact information for the trial sponsor 2

responsibilities:
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sponsor contact
information

Roles and
responsibilities:
sponsor and funder

Roles and
responsibilities:
committees

Background and
rationale

Background and
rationale: choice of
comparators

Objectives

Trial design

Study setting

Eligibility criteria

Interventions:
description

#5c

#5d

#6a

#6b

#7

#8

#9

#10

#11a

BMJ Open

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of
data; writing of the report; and the decision to submit the
report for publication, including whether they will have
ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating
centre, steering committee, endpoint adjudication
committee, data management team, and other individuals or
groups overseeing the trial, if applicable (see Item 21a for
data monitoring committee)

Description of research question and justification for
undertaking the trial, including summary of relevant studies
(published and unpublished) examining benefits and harms
for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, non-inferiority,
exploratory)

Description of study settings (eg, community clinic,
academic hospital) and list of countries where data will be
collected. Reference to where list of study sites can be
obtained

Inclusion and exclusion criteria for participants. If applicable,
eligibility criteria for study centres and individuals who will
perform the interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered
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1 Interventions: #11b Criteria for discontinuing or modifying allocated 11
; modifications interventions for a given trial participant (eg, drug dose

4 change in response to harms, participant request, or

Z improving / worsening disease)

573 Interventions: #11c Strategies to improve adherence to intervention protocols, n/a
?o adherance and any procedures for monitoring adherence (eg, drug

11 tablet return; laboratory tests)

12

1‘31 Interventions: #11d Relevant concomitant care and interventions that are n/a
15 concomitant care permitted or prohibited during the trial

16

17 Outcomes #12 Primary, secondary, and other outcomes, including the 8
12 specific measurement variable (eg, systolic blood pressure),

20 analysis metric (eg, change from baseline, final value, time

21 . , .

2 to event), method of aggregation (eg, median, proportion),

23 and time point for each outcome. Explanation of the clinical

;g relevance of chosen efficacy and harm outcomes is strongly

26 recommended

27

;g Participant timeline #13 Time schedule of enrolment, interventions (including any 7
30 run-ins and washouts), assessments, and visits for

g; participants. A schematic diagram is highly recommended

33 (see Figure)

34

gg Sample size #14  Estimated number of participants needed to achieve study 13
37 objectives and how it was determined, including clinical and

gg statistical assumptions supporting any sample size

40 calculations

41

42 Recruitment #15  Strategies for achieving adequate participant enrolment to 11
22 reach target sample size

22 Allocation: sequence #16a Method of generating the allocation sequence (eg, n/a
2273 generation computer-generated random numbers), and list of any

49 factors for stratification. To reduce predictability of a random

g? sequence, details of any planned restriction (eg, blocking)

52 should be provided in a separate document that is

gi unavailable to those who enrol participants or assign

55 interventions

56

57 Allocation #16b Mechanism of implementing the allocation sequence (eg, n/a
gg concealment central telephone; sequentially numbered, opaque, sealed
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mechanism envelopes), describing any steps to conceal the sequence
until interventions are assigned

Allocation: #16¢c  Who will generate the allocation sequence, who will enrol
implementation participants, and who will assign participants to
interventions

Blinding (masking) #17a Who will be blinded after assignment to interventions (eg,
trial participants, care providers, outcome assessors, data
analysts), and how

Blinding (masking): #17b If blinded, circumstances under which unblinding is
emergency permissible, and procedure for revealing a participant’s
unblinding allocated intervention during the trial

Data collection plan  #18a Plans for assessment and collection of outcome, baseline,
and other trial data, including any related processes to
promote data quality (eg, duplicate measurements, training
of assessors) and a description of study instruments (eg,
questionnaires, laboratory tests) along with their reliability
and validity, if known. Reference to where data collection
forms can be found, if not in the protocol

Data collection plan:  #18b Plans to promote participant retention and complete follow-

retention up, including list of any outcome data to be collected for
participants who discontinue or deviate from intervention
protocols

Data management #19 Plans for data entry, coding, security, and storage, including
any related processes to promote data quality (eg, double
data entry; range checks for data values). Reference to
where details of data management procedures can be
found, if not in the protocol

Statistics: outcomes  #20a Statistical methods for analysing primary and secondary
outcomes. Reference to where other details of the statistical
analysis plan can be found, if not in the protocol

Statistics: additional ~ #20b Methods for any additional analyses (eg, subgroup and
analyses adjusted analyses)

Statistics: analysis #20c Definition of analysis population relating to protocol non-
population and adherence (eg, as randomised analysis), and any statistical

missing data methods to handle missing data (eg, multiple imputation)
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Data monitoring:
formal committee

Data monitoring:
interim analysis

Harms

Auditing

Research ethics
approval

Protocol
amendments

Consent or assent

Consent or assent:
ancillary studies

Confidentiality

Declaration of
interests

Data access

#21a

#21b

#22

#23

#24

#25

#26a

#26b

#27

#28

#29

BMJ Open

Composition of data monitoring committee (DMC); summary
of its role and reporting structure; statement of whether it is
independent from the sponsor and competing interests; and
reference to where further details about its charter can be
found, if not in the protocol. Alternatively, an explanation of
why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and
make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing
solicited and spontaneously reported adverse events and
other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any,
and whether the process will be independent from
investigators and the sponsor

Plans for seeking research ethics committee / institutional
review board (REC / IRB) approval

Plans for communicating important protocol modifications
(eg, changes to eligibility criteria, outcomes, analyses) to
relevant parties (eg, investigators, REC / IRBs, trial
participants, trial registries, journals, regulators)

Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see
Item 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled
participants will be collected, shared, and maintained in
order to protect confidentiality before, during, and after the
trial

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,
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Ancillary and post
trial care

Dissemination policy:
trial results

Dissemination policy:
authorship

Dissemination policy:
reproducible
research

Informed consent
materials

Biological specimens

#30

#31a

#31b

#31c

#32

#33

BMJ Open

and disclosure of contractual agreements that limit such
access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),
including any publication restrictions

Authorship eligibility guidelines and any intended use of
professional writers

Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Model consent form and other related documentation given
to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of

biological specimens for genetic or molecular analysis in the

current trial and for future use in ancillary studies, if
applicable

Page 32 of 32

n/a

16

n/a

n/a

n/a

n/a

The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-
BY-ND 3.0. This checklist was completed on 23. July 2018 using http://www.goodreports.org/, a tool
made by the EQUATOR Network in collaboration with Penelope.ai
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