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2. Clinical Context and Claims
Clinical Context
Quantifying the volumes of tumors and measuring tumor longitudinal changes within subjects (i.e. evaluating growth or regression with image processing of CT scans acquired at different timepoints).

Compliance with this Profile by all relevant staff and equipment supports the following claim(s):
Claim 1:  There is a 95% probability that the measured change ±30% encompasses the true tumor volume change

. 
This claim holds when: 
· the tumor is measurable at both timepoints (i.e., tumor margins are sufficiently conspicuous and geometrically simple enough to be recognized on all images in both scans; the tumor is unattached to other structures of equal density) 
· the tumor longest in-plane diameter is between 10 mm (volume 0.5 cm3) and 100 mm (volume 524 cm3) at both timepoints
Discussion

The tumor longest in-plane diameter lower bound is set to limit the variability introduced when approaching the resolution of the dataset, e.g. partial volume.  The upper bound is set to limit the variability introduced by more complex tumor morphology and organ involvement, and also to keep performance assessment procedures manageable.

The performance values in Claim 1 reflect the likely impact of variations permitted by this Profile. The Profile permits different compliant actors (acquisition device, radiologist, image analysis tool, etc.) at the two timepoints (i.e. it is not required that the same scanner or image analysis tool be used for both exams of a patient).    If one or more of the actors are the same, the implementation is still compliant with this Profile and it is expected that the measurement performance will be improved.  To give a sense of the possible improvement, the following table presents expected precision for alternate scenarios, however except for the leftmost, these precisions values are not part of Claim 1.  

Table 1: Expected Precision for Alternate Scenarios (Informative
)
	Different 

Acquisition Device
	Same 

Acquisition Device

	Different 

Radiologist
	Same 

Radiologist
	Different 

Radiologist
	Same 

Radiologist

	Different Analysis Tool
	Same Analysis Tool
	Different Analysis Tool
	Same Analysis Tool
	Different Analysis Tool
	Same Analysis Tool
	Different Analysis Tool
	Same Analysis Tool

	29%
	28%
	22%
	21%
	7±21%
	7±19%
	2±9%
	2±7%


Notes:


1. Precision is expressed here as 2.77 times the within-subject coefficient of variation.

2. A measured change in tumor volume that exceeds the relevant precision value in the table indicates 95% confidence in the presence of a true change. 

3. A 95% confidence interval for the magnitude of the true change is given by: ± the relevant precision value

While the claim has been informed by an extensive review of the literature, it is currently a consensus claim that has not yet been fully substantiated by studies that strictly conform to the specifications given here.  A standard utilized by a sufficient number of studies does not exist to date.  The expectation is that during field test, data on the actual field performance will be collected and changes made to the claim or the details accordingly.  At that point, this caveat may be removed or re-stated.

<Todo (Once Claim iteration completes): 
Update performance requirements in Section 3 to match updated claim.
Confirm the Performance Assessment Procedures in Section 4 are appropriate, including sample size sufficient to meet confidence limits)
>
[Decide whether to keep Claim 2 (based on clinical value vs Profile, groundwork and compliance effort) once we are “done” Claim 1]
Claim 2:  Tumor 
volume can be estimated within +/- <fill in>% with 95% confidence
Stated statistically
· The measurand (tumor volume at a single 
timepoint) should exhibit:

· a bias such that the Measured tumor volume will be linear with known tumor volume for volumes in the range of 0.5 cm3 to 500 cm3 (equivalent diameter of 10 to 100 mm) 
as evidenced by 95% confidence limits for slope of 1.0±.1
, intercept 0.0±.1, 
and quadratic term  magnitude 0.0±.1; 

· a repeatability coefficient of no more than <fill in> (log10 units); 
which corresponds to a within-subject coefficient of variation of <fill in>%  

· a reproducibility coefficient of no more than <fill in> (log10 units)
corresponding to a within-subject coefficient of variation of <fill in>%.

…
The claim holds when 

· the tumor is measurable (i.e., tumor margins are sufficiently conspicuous and geometrically simple enough to be recognized on all images; the tumor is unattached to other structures of equal density), 
· the tumor longest in-plane diameter is between 10 mm (volume 0.5 cm3) and 100 mm (volume 524 cm3)
<<Review the material below here to make sure nothing critical is lost in the material above and any issues of terminology or completeness are addressed>> 
Repeatability: The difference between two measurements of the same tumor under conditions that are identical and profile-compliant will be less than the repeatability coefficient 95% of the time.

Reproducibility: The difference between two measurements of the same tumor under conditions that are different but profile-compliant will be less than the reproducibility coefficient 95% of the time
Claim for cross-sectional measurements (i.e., at a single timepoint):
Measurand: Tumor Volume when the given tumor is measurable (i.e., tumor margins are sufficiently conspicuous and geometrically simple enough to be recognized on all images; the tumor is separable from other structures of equal density).

· Bias Profile: Measured tumor volume will be linear with known tumor volume for volumes in the range of 0.5 cm3 to 500 cm3 (equivalent diameter of 10 to 100 mm) as evidenced by 95% confidence limits for slope of 1.0±.1, intercept 0.0±.1, and quadratic term  magnitude 0.0±.1;

· Precision Profile:

· Repeatability coefficient (RC) will be no more than <fill in>  (log units); 

· Two scans 
performed and evaluated by same compliant scanner, same compliant analysis software, and same compliant reader.
This corresponds to a within-subject coefficient of variation (wCV) of <fill in>%

· Reproducibility: 
· Reproducibility coefficient (RDC) when two different but compliant readers, on scans acquired by the same scanner model, and evaluated using 
a single compliant analysis software application will be no more than <fill in> (log units); corresponding to a between-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm.
[I forgot why 20 mm was selected]
.

· Reproducibility coefficient (RDC) when the same compliant reader evaluates scans acquired from two different 
but compliant scanner models are used in combination with a single compliant analysis software application will be no more than <fill in> (log units); corresponding to a within-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm.

· Reproducibility coefficient (RDC) when the same compliant reader evaluates scans from a single compliant scanner model but with two different but compliant analysis software applications will be no more than <fill in> (log units); corresponding to a within-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm.

Claim for Longitudinal change measurements (i.e., across two distinct timepoints
):
Measurand: Change in Tumor Volume when the given meets the measurability criteria indicated for cross-sectional measurements at both timepoints, and where the reader uses the locked sequential read paradigm.  Volume change refers to proportional change, where the percentage change is the difference in the two volume measurements divided by the average of the two measurements
.  By using the average instead of one of the measurements as the denominator, asymmetries in percentage change values are avoided.[the nodule screening group moved away from this concept to the more standard and practical (t2-t1)/t1]
· No claim for Bias Profile of change measurements is promulgated by this Profile, however, it is the belief of the Committee that having stated the Bias claim for cross-sectional measures as we have makes it sufficiently likely that change estimation would meet formal definition of an unbiased estimator within reasonable scenarios addressed by the Profile; 

· Precision Profile:

· Repeatability coefficient (RC) will be no more than <fill in>  (log units); 

· Two scans 
performed and evaluated by same compliant scanner, same compliant analysis software, and same compliant reader.
This corresponds to a within-subject coefficient of variation (wCV) of <fill in> %

· Reproducibility: 
· Reproducibility coefficient (RDC) when two different but compliant readers, on scans acquired by the same scanner model, and evaluated using a single compliant analysis software application will be no more than <fill in> (log units); corresponding to a between-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm average across timepoints.

· Reproducibility coefficient (RDC) when the same compliant reader evaluates scans acquired from two different but compliant scanner models 
are used in combination with a single compliant analysis software application will be no more than <fill in> (log units); corresponding to a within-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm average across timepoints.

· Reproducibility coefficient (RDC) when the same compliant reader evaluates scans from a single compliant scanner model but with two different but compliant analysis software applications will be no more than <fill in> (log units); corresponding to a within-subject coefficient of variation (wCV) of <fill in>% for tumors with equivalent diameter of 20mm average across timepoints.

� warning that the profile data is not to be applied to all cases.  


� The .1 values would need to be replaced with appropriate numbers such that the bias term includes a de minimis portion of the overall error with respect to the variability (which everyone believes is the larger component of error).





�Alternative 2:


True tumor volume change has a 95% probability to be within +30% and -25% of a measured �tumor volume change.


�Alternative 3:


To be at least 95% confident that true tumor volume change has occurred, the measured change must be at least 30% 


�Alternative 2:


Make all 8 values normative by building the table into the claim and including all 8 scenarios in the requirements and assessment procedures. 


�Alternative 2:


With 95% confidence,�1. A measured tumor change of more than 30% is a real change.


2. The amount of change is: measured change +30%


�Nancy notes that we don’t actually need this claim 2 to make claim 1.  And for algorithms that measure delta directly it's not clear what Claim 2 means.


Also, different studies would be required to assess Claim 2 and 1, and since we don’t have the Coffee Break "cheat" to get a known ground truth in human data, it may be harder to test Claim 2.


�Used in Small nodules to decide whether to go to a more invasive workup based on whether the volume is above/below a threshold.  The threshold value is currently a point of debate.  That being said, in Advanced disease, the change is more important and would have a profound value.  Single timepoint would be a "nice to have?" (Of course our change measure depends internally on single timepoint.  Do we need to externalize?)


Some therapy decisions may be based on tumor burden thresholds (note that this is burden not single tumor...) (Burden also gets into questions of Lung vs Everywhere).  Research interest in single timepoint values to further explore the above ideas.


"Objective volumetry? Relative to a normative standard?"


�Make simpler statement by first address bias, then linearity


�Andy:


The .1 values would need to be replaced with appropriate numbers such that the bias term includes a de minimis portion of the overall error with respect to the variability (which everyone believes is the larger component of error).


�Intercept is extrapolation down to origin


�It seems that this detail should be below when you discuss the details of the claim.  Why not word this section as you did above, i.e. “a bias of no more than x%”


�If this is done on humans, need to specify maximum time between scans


�Delete one


�The <fill in> values here would be informed by the 1A groundwork project, with a “sanity check” from literature sources.


�?


�The <fill in> values here would be informed by the 1A groundwork project, with a “sanity check” from literature sources.


�Same as u6


�The <fill in> values here would be informed by the 1C groundwork project, with a “sanity check” from literature sources.


�The <fill in> values here would be informed by the first 3A groundwork project, with a “sanity check” from literature sources.


�Should we specify the minimum time between baseline and follow-up scans to allow changes to occur?


�I can’t remember why this metric has been adopted instead of the regular relative difference? What is the issue with asymmetric thresholds ? Is there any reference establishing this metric as more reliable or more sensitive? 


�For repeatability of the change you need two baseline and two follow-up scans.


�The <fill in> values here would be informed by the 1B and second 3A groundwork projects, sanity checked from literature sources.


�Takes values from the second 1B groundwork project


�Again, we need 4 scans for this, two baseline and two follow-up. Need to specify which scanners should be different.


�This could be a third 3A chjallenge, using 1C data


�Take values from second 3A
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