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QIBA/RadPharm Volume Estimation Study

Volumetric CT Project Group
VolCT - Group 1A - Analyze Bias/Variance where Ground Truth is Known Deterministically
I. Study objective
The objective of the 1A project is to conduct a reader study to estimate intra- and inter-reader bias and variability for the task of measuring the size of phantom lesions using a:

· uni-dimensional size measurement technique

· bi-dimensional size measurement technique
· semi-automated 3D volumetric measurement technique
II. Database description

This study will use CT data from an anthropomorphic thorax phantom with imbedded phantom nodules.  This data was acquired previously in a separate FDA/NIBIB research project.  The images to be used for this reader study contain phantom nodules with the following characteristics:

10 nodules attached to lung branches (see Figure 1):

· density:  -10 & +100HU
· spheres with diameters = 10, 20 mm 
· lobulated and spiculated nodules with volume equivalent to that of a 10 mm diameter sphere

· elliptical nodules with volume equivalent to a 20 mm diameter sphere.

This results in a total of 10 different nodules to be evaluated in this study.
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Figure 1: (a) spiculated, elliptical and lobulated nodules; (b) nodules tied to lung branches

The CT data for this project were acquired using the following CT data acquisition parameters:

· Scanner:  Philips 16-slice MxIDT 8000

· Tube voltage:  120 kVp

· Exposure:  100 mAs

· Slice overlap:  50%

· Slice thicknesses:  0.8 mm (collimation = 16x0.75 mm); 5.0 mm (collimation = 16x1.5 mm)

· Reconstruction kernel:  detailed filter

· Pitch:  1.2

· Repeat scans:  2 for each nodule type

· total number of datasets:  10 for pilot study + 40 for full study (10 nodules X 2 slice thickness X 2 repeat scans)
All datasets used in both the pilot and full studies are listed in tables 1-5, in Appendix A.

III. Reading protocol

This study consists of 6 readers who will measure the sizes of all 40 nodules with the three size measurement techniques in each of two reading sessions.  Each reading session will be separated by at least 3 weeks to reduce recall bias in the study.  All readers will use a Siemens ???
 clinical review workstation with a calibrated clinical monitors.  All reading sessions will take place under clinical reading conditions at RadPharm.  Kristin Borradaile of RadPharm will serve as study coordinator for the reading sessions.  

Readers, cases, and measurement techniques will be randomized using the principle of Latin squares to reduce the bias in the performance estimates. Randomized case work lists will be developed by the FDA group for each reader and for each reading session.  These lists will be delivered to Kristin Borradaile for implementation on the Siemens Review workstation.
Clinicians and the study coordinator will use the following procedure for reading cases:
1. Selects the first case from the reader’s predefined work list 
for the particular reading session
2. Set or select the predefined window/level
 for the case

3. Select the predefine lesion locations
 

4. Review CT slice data containing the nodule using visualization software

5. Estimate lesion size using the predefined measurement tool for case

· One measurement technique (uni-dimensional, bi-dimensional or semi-automated volume estimate) will be predefined to use on the particular nodule in the work list

· For volumetric measurements

· Select initial seed point locations

· Apply segmentation tool

· Record initial seed points, volume estimate and segmentation if possible
· Manually refine the semi-automated nodule segmentation when and where appropriate

6. Study coordinator records size measurement

7. Reader/study coordinator saves the nodule segmentation and DICOM annotation record for the case 

8. Study coordinator saves review time for the nodule if not part of the annotation record
9. Return to step 1 and repeat for next case in work list
This process is repeated for each case in the work list until all cases have been completed in the first reading session.  The process is repeated in the second reading session following the same sequence but now using the Session II work list for the reader.

IV. Size measurement techniques

Uni-dimensional Measurements

Uni-dimensional measurements should be the longest diameter in the plane of measurement follow the updated RECIST 1.1 measurement guidelines (1).

 Bi-dimensional Measurements
Bi-dimensional measurements should be the sum of the products of bi-dimensional lesion measurements on a single plan following the WHO guidelines (2)

Volumetic Measurements
Volume measurements should be made using the Siemens semi-automated volume tool.  The reader should adjust the segmentation to match what their perception of the nodule boundary when appropriate.

V. Lesion Locations

Lesion locations will be provided to RadPharm by the FDA/NIBIB laboratory.  Currently we have supplied the central slice.  These central slice locations should be modified by either RadPharm or FDA to be something closer to the top slice of the data set to avoid biasing the selection of the central slice in either seed selection or size measurements.


VI. Other tasks

After the reading sessions are completed, the study coordinator will transfer/save the segmentation and annotation data.  The segmentation data will then be transformed into accessible output file formats.  The two proposed formats include

1) PLY file format (or another choice is appropriate)

“PLY is a computer file format known as the Polygon File Format or the Stanford Triangle Format.  http://en.wikipedia.org/wiki/PLY_(file_format))The format was principally designed to store three dimensional data from 3D scanners. It supports a relatively simple description of a single object as a list of nominally flat polygons. A variety of properties can be stored including: color and transparency, surface normals, texture coordinates and data confidence values. The format permits one to have different properties for the front and back of a polygon.” (ref:  
2) 3D Doctor file format (simple format used by FDA)
 Boundary points which have been formatted for 3D-Dr. are organized as follows:

[image: image1.jpg]Quantitative & -
Imaging ® @&
Biomarkers @ rona
Allance #






All slice information is contained in one file, and the last set of coordinates should be followed by ‘END END’.  All previous coordinate sets are followed by ‘END’. 

All segmentation files should be saved using the following output folder convention:

· folder#.ply  for PLY files

· folder#_slice#.bnd for 3D Doctor files
Appendix A

The following tables and figures describe the data sets to be used in the QIBA reader study.  Note that the illustrations are a mirror image of nodules as they appear in the images, i.e., if the nodule in question is located on the left side of the lung insert as shown in the illustration, readers will find the nodules on the right side of the image.   Figures 1-4 contain illustrations of nodule placement while Tables 1-5 contain centroid coordinates for each case, where the ‘z’ value is not a pixel coordinate, but rather a central slice number.   All images were acquired with kVp = 120, mAs = 100, pitch = 1.2, and were reconstructed using the ‘detail’ reconstruction kernel.

Pilot Study

· 9 nodules for segmentation

· 2 slice thicknesses:  0.8 and 5.0 mm
· 10 mm -10 HU, sphere, spiculated

· 10 mm, +100 HU, lob., ovoid

· 20 mm, +100 HU, sphere
Table 1:  Pilot Study
	Experiment
	Study ID
	Data Set
	Slice Thickness (mm)
	Collimation
	Density (HU)
	Diameter (mm)
	shape
	x
	y
	z

	Yamamoto-00043
	4571
	9076 
	0.8
	16x0.75
	-10
	10
	spherical
	142
	326
	358

	Yamamoto-00049
	4740
	39 
	0.8
	16x0.75
	-10
	10
	spiculated
	179
	320
	491

	Yamamoto-00031
	3881


	1114 
	0.8
	16x0.75
	+100
	10
	lobulated
	393
	262
	336

	Yamamoto-00031 
	3881


	1120 
	0.8
	16x0.75
	+100
	20
	elliptical
	399
	286
	138



	Yamamoto-00043
	4571
	9082 
	0.8
	16x0.75
	+100
	20
	spherical
	398
	251
	478

	Yamamoto-00046
	4617
	9547 
	5.0
	16x1.5
	-10
	10
	spherical
	152
	329
	58

	Yamamoto-00052
	4763
	526 
	5.0
	16x1.5
	-10
	10
	spiculated
	146
	310
	76

	Yamamoto-00038
	4462
	7531 
	5.0
	16x1.5
	+100
	10
	lobulated
	387
	272
	53 

	Yamamoto-00038
	4462
	7537 
	5.0
	16x1.5
	+100
	20
	elliptical
	390
	290
	19

	Yamamoto-00046
	4617
	9553 
	5.0
	16x1.5
	+100
	20
	spherical
	405
	245
	78
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	(a) Illustration of nodules as they were tied to specific lung branches 
	(b) Photograph of Kyoto spiculated nodules


Figure 1:  Nodule Layout 2, FDA scanning site, Philips 16-slice scanner
Table 2:  Nodule Centroid Locations for Layout 2 (spherical nodules)
	
	
	
	
	Density = +100 HU, Diameter = 10  mm

	Experiment
	Study ID
	Slice Thickness (mm)
	Collimation
	Data set (4)
	x
	y
	z

	Yamamoto-00019
	3650
	0.8
	16x0.75
	7001, 7004 
	386
	280
	346

	Yamamoto-00022
	3696
	5.0
	16x1.5
	7749, 7755 
	383
	277
	57


	

	


Figure 2:  Nodule Layout 4 
Table 3:  Desired datasets, Nodule Layout 4
	experiment
	Study ID
	slice thickness (mm)
	collimation
	Datasets (12 total)
	shape
	diameter
	x
	y
	z

	Yamamoto-00049
	4740
	0.8
	16x0.75
	1071, 1077
	elliptical
	20
	399
	286
	138

	
	
	
	
	1083,1089
	lobulated
	10
	393
	262
	336

	
	
	
	
	1095, 1101 
	spiculated
	10
	355
	287
	536

	Yamamoto-00052
	4763
	5.0
	16x1.5
	7495, 7501
	elliptical
	20
	390
	290
	19

	
	
	
	
	7507, 7513 
	lobulated
	10
	387
	272
	54

	
	
	
	
	7519, 7525 
	spiculated
	10
	347
	295
	83


	
	


Figure 3:  Nodule Layout 6, FDA scanning site, Philips 16-slice (all CIRS nodules)
Table 4:  Desired datasets, Nodule Layout 6, FDA scanning site (all spherical)
	Experiment
	Study ID
	Slice Thickness (mm)
	Collimation
	Data set (12)
	Density (HU)
	Diameter (mm)
	x
	y
	z

	Yamamoto-00043
	4571
	0.8


	16x0.75


	9040, 9046 
	+100
	20
	398
	251
	478

	
	
	
	
	9052, 9058 
	-10 
	10
	142
	326
	357

	
	
	
	
	9064, 9070 
	-10
	20
	142
	262
	525

	Yamamoto-00046
	4617
	5.0


	16x1.5


	9511, 9517 
	+100
	20
	405
	245
	78

	
	
	
	
	9523, 9529 
	-10 
	10
	152
	329
	59


	
	


Figure 4:  Nodule Layout 7, FDA scanning site, Philips 16-slice (all CIRS nodules)
Table 5:  Desired datasets, Nodule Layout 7, FDA scanning site, Philips 16-slice scanner
	
	
	
	
	
	
	
	
	
	

	experiment
	Study ID
	slice thickness (mm)
	collimation
	Datasets (12 total)
	shape
	diameter
	x
	y
	z

	Yamamoto-00049
	4740
	0.8
	16x0.75
	3, 9
	elliptical
	20
	152
	287
	163

	
	
	
	
	15, 21 
	lobulated
	10
	165
	329
	337

	
	
	
	
	27, 33
	spiculated
	10
	179
	320
	491

	Yamamoto-00052
	4763
	5.0
	16x1.5
	490, 496
	elliptical
	20
	131
	277
	23

	
	
	
	
	502, 508 
	lobulated
	10
	135
	319
	52

	
	
	
	
	514, 520 
	spiculated
	10
	146
	310
	76
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�Need to know PACS system.


�Needs to be defined by NXP and set up by study coordinator


�Need to decide if this is fixed for all cases or adjustable by the clinician (another variable in our study)


�Needs to be set up by study coordiunator


�Is this correct?


�Need to talk to RadPharm/Lisa to address this.


�this information is available in the power point slides (cropped images)


�Need to decide if this is standard output we want or not





