Appendix A: Diagnostic Codes and Search Text

	Diagnostic Code
	Search Text

	dx1 
	 suspicious for adenocarcinoma

	dx1 
	 cannot exclude adenocarcinoma

	dx1 
	 Adenocarcinoma can't excluded

	dx1 
	 suspicious for invasive adenocarcinoma

	dx2 
	 invasive adenocarcinoma

	dx2 
	 adenocarcinoma

	dx2 
	 invasive carcinoma

	dx3 
	 intramucosal adenocarcinoma

	dx3 
	 of high-grade dysplasia

	dx3 
	 of high grade dysplasia

	dx3 
	 with high-grade dysplasia

	dx3 
	 with high grade dysplasia

	dx3 
	 focal high grade dysplasia

	dx3 
	 focal high-grade dysplasia

	dx3 
	 showing high grade dysplasia

	dx3 
	 showing high-grade dysplasia

	dx4 
	 suspicious for lymphoma

	dx4 
	 atypical lymphoid proliferation

	dx5 
	 MALT lymphoma

	dx5 
	 mantle cell lymphoma  

	dx6 
	 tubular adenoma 

	dx6 
	 Tubular adenomata

	dx7 
	 hyperplastic polyp

	dx7 
	 hyperplastic polyp.

	dx8 
	 hyperplastic changes

	dx8 
	 hyperplastic mucosal changes

	dx8 
	 hyperplastic features

	dx8 
	 hyperplastic-like features

	dx9 
	 tubulovillous adenoma

	dx9 
	 Tubularvillous adenoma

	dx9 
	 tubulo-villous adenoma

	dx9 
	  Villotubular adenoma

	dx10 
	 villous adenoma

	dx11 
	 sessile serrated adenoma

	dx11 
	 sessile serrated polyp

	dx11 
	 Serrated sessile adenoma

	dx11 
	 Serrated polyp, favor adenoma

	dx11 
	 Serrated polyp, favour adenoma

	dx11 
	 Serrated polyps, favor adenomata

	dx12 
	 traditional serrated adenoma

	dx13 
	 serrated adenoma

	dx13 
	 serrated adenomata

	dx13 
	 serrated polyp

	dx14 
	 no pathologic finding

	dx14 
	 Unremarkable fragment of large bowel mucosa

	dx14 
	 Unremarkable large bowel mucosa

	dx14 
	 Benign colonic mucosa

	dx14 
	  Benign large bowel mucosa

	dx14 
	 normal colonic mucosa

	dx14 
	 NO DIAGNOSTIC ABNORMALITY

	dx14 
	 Unremarkable colonic mucosa

	dx14 
	 mucosa without significant pathology

	dx14 
	 mucosa within normal limits

	dx14 
	 no specific pathology

	dx14 
	 No significant histopathologic abnormality

	dx14 
	 NEGATIVE for evidence of significant pathology

	dx14 
	 No significant pathological changes

	dx14 
	 No pathological changes

	dx14 
	 no evidence of polyp

	dx14 
	  polypoid mucosa

	dx14 
	 colonic mucosa with prominent lymphoid follicles

	dx14 
	 negative for apparent pathology

	dx14 
	 no pathological diagnosis

	dx14 
	 CAUTERY ARTIFACT, NOT FURTHER DIAGNOSTIC

	dx14 
	 reactive changes, NEGATIVE

	dx14 
	  Colonic mucosa with lymphoid aggregate

	dx14 
	 large bowel mucosa with no definite polyp

	dx14 
	 Non-diagnostic polypoid colonic mucosa

	dx14 
	 bowel mucosa with no significant findings

	dx14 
	 bowel mucosa with no evidence of polyp

	dx14 
	 No polyp

	dx14 
	 No specific polyp

	dx14 
	 No definitive polyp

	dx14 
	 No definite polyp

	dx14 
	 No specific pathologic diagnosis

	dx14 
	 no significant pathology identified

	dx14 
	 No significant pathological abnormalities

	dx14 
	 No findings

	dx14 
	 No histopathological abnormality 

	dx14 
	 Prominent mucosal folds

	dx14 
	 mucosa, likely mucosal fold

	dx14 
	 without diagnostic abnormality

	dx14 
	 Unremarkable mucosal tissue

	dx14 
	 No significant findings

	dx14 
	 Colonic mucosa with no pathology

	dx14 
	 no significant inflammation or other findings

	dx15 
	 POLYPOID COLONIC MUCOSA

	dx15 
	 Prominent lymphoid aggregate

	dx15 
	 Lymphoid aggregate

	dx15 
	 Large intestinal mucosa slightly polypoid with lymphoid aggregates

	dx15 
	 mucosa with lympho-follicular hyperplasia

	dx15 
	 lymphoid follicle 

	dx15 
	 benign lymphoid aggregate

	dx15 
	 Mucosal germinal centre

	dx15 
	 Lymphoid hyperplasia

	dx15 
	 Lymphocytic aggregates

	dx16 
	 inflammatory polyp

	dx16 
	 inflammatory pseudopolyp

	dx16 
	 inflammatory large bowel polyp

	dx16 
	 inflammatory-type polyp

	dx16 
	 inflamed polyp

	dx17 
	 Hamartomatous polyp

	dx18 
	 granulation tissue

	dx19 
	 active colitis

	dx19 
	 active proctitis

	dx19 
	 acute cryptitis

	dx20 
	 poorly preserved colonic mucosa

	dx21 
	  solitary rectal ulcer

	dx21 
	  Mucosal prolapse syndrome

	dx21 
	 Mucosal Prolapse

	dx21 
	 mucosal prolapse-like polyp

	dx21 
	 mucosa with prolapse like changes

	dx22 
	 Melanosis coli

	dx22 
	 pseudomelanosis coli

	dx22 
	 Slight melanosis

	dx23 
	 juvenile polyp

	dx23 
	 juvenile type polyp

	dx23 
	 retension polyp

	dx24 
	 lipoma

	dx25 
	 granular cell tumour

	dx25 
	 granular cell tumor

	dx26 
	 ischemic colitis

	dx27 
	 leiomyoma  

	dx28 
	 xanthoma

	dx28 
	 Xanthoma/xanthelasma

	dx29 
	 Hemorrhoid

	dx30 
	 prolapse changes

	dx31 
	 Fecal material

	dx31 
	 Fecal matter only

	dx31 
	 Vegetable fibres

	dx31 
	 Vegetable matter

	dx31 
	 fecal matter

	dx31 
	 feces

	dx31 
	 Food material

	dx31 
	 Polypoid vegetable resembling seed

	dx31 
	 Degenerated meat fibres

	dx32 
	 NEGATIVE for dysplasia

	dx32 
	 NEGATIVE for evidence of dysplasia

	dx32 
	 No neoplasia present

	dx32 
	 negative for conventional/adenomatous dysplasia 

	dx32 
	 negative for adenomatous polyp or dysplasia   

	dx32 
	 Negative for adenoma                         

	dx33 
	 Tissue not identified

	dx33 
	 No tissue is identified

	dx33 
	 No tissue present

	dx33 
	 No tissue was found

	dx33 
	 No microscopic assessment possible

	dx33 
	 Tissue did not survive processing 

	dx33 
	 did not survive tissue processing

	dx33 
	 no material present after processing

	dx33 
	 see gross

	dx33 
	 No specimen received

	dx33 
	 No specimen identified

	dx33 
	 Insufficient for evaluation

	dx33 
	 insufficient for assessment

	dx33 
	 insufficient tissue for histologic assessment

	dx33 
	 No colon tissue is observed

	dx33 
	 mucosa, not diagnostic

	dx34 
	 negative for high grade dysplasia

	dx34 
	 negative for high-grade dysplasia

	dx34 
	 no evidence of high grade dysplasia

	dx34 
	 no evidence of high-grade dysplasia

	dx34 
	 No evidence of high dysplasia

	dx34 
	 No definite evidence of high-grade dysplasia    

	dx34 
	 No convincing evidence of high grade dysplasia  

	dx34 
	 without high grade dysplasia

	dx34 
	 without high-grade dysplasia

	dx35 
	 NEGATIVE FOR DYSPLASIA OR MALIGNANCY

	dx35 
	 Negative for high-grade dysplasia and malignancy

	dx35 
	 Negative for high grade dysplasia and malignancy

	dx35 
	 Negative for high-grade dysplasia or invasive malignancy

	dx35 
	 Negative for high grade dysplasia or invasive malignancy

	dx35 
	 Negative for high-grade dysplasia or invasive carcinoma

	dx35 
	 Negative for high grade dysplasia or invasive carcinoma

	dx35 
	 Negative for high-grade dysplasia and invasive carcinoma    

	dx35 
	 Negative for high grade dysplasia and invasive carcinoma

	dx35 
	 No convincing evidence of high grade dysplasia or adenocarcinoma

	dx36 
	 cautery/crush artifact

	dx36 
	 cautery artifact

	dx36 
	 cautery artefact

	dx36 
	 Cauterized tissue

	dx36 
	 Cauterized colonic mucosa

	dx36 
	 Polypoid cauterized mucosa

	dx36 
	 Crushed fragments of large bowel

	dx37 
	 Focal adenomatous changes

	dx37 
	 Focal adenomatous change

	dx37 
	 fragments of adenoma 

	dx37 
	 Possible adenomatous change

	dx37 
	 adenoma

	dx37 
	 Suspicious for Adenomatous Changes

	dx37 
	 adenomatous change

	dx37 
	 adenomatous mucosal change

	dx37 
	 -ADENOMA(S)

	dx38 
	 chronic inflammation

	dx38 
	 chronic inflammation only 

	dx39 
	 dysplasia associated lesion or mass

	dx39 
	 Features of DALM

	dx40 
	 carcinoid

	dx40 
	 neuroendocrine tumour

	dx40 
	 neuroendocrine tumor


Appendix B - Diagnostic Code Hierarchy

	Inferior Code
	Superior Code
	Overlap
	Description

	dx1 
	 dx2 
	0
	  susp for adenoca over adenoca

	dx3 
	 dx2 
	0
	  intramucosal adenoca over adenoca

	dx6 
	 dx37 
	1
	  TA over adenoma NOS

	dx9 
	 dx10 
	1
	  TVA over VA

	dx11 
	 dx13 
	0
	  SSA over SA

	dx11 
	 dx37 
	1
	  SSA over adenoma NOS

	dx13 
	 dx37 
	1
	  SA over adenoma NOS

	dx9 
	 dx37 
	1
	  TVA over adenoma NOS

	dx10 
	 dx37 
	1
	  VA over adenoma NOS

	dx34 
	 dx3 
	0
	  neg for HGD over HGD

	dx9 
	 dx6 
	1
	  TVA over TA

	dx35 
	 dx34 
	1
	  neg for HGD and malignancy over neg for HGD

	dx12 
	 dx13 
	1
	  TSA over SA

	dx35 
	 dx2 
	1
	  neg of HGD and inv carcinoma over inv adenoc

	dx32 
	 dx37 
	1
	 neg for adenoma over adenoma NOS


Appendix C: 

Creating Control Charts/Normalized Funnel Plots

Based on the normal approximation of the binomial distribution:

[image: image1.png]SD:\,““X&_H






Equation 1
Where:

   SD = standard deviation

   i = ideal (diagnostic) rate† 

   n = number of specimens interpreted

†The ideal rate (i) is unknown.  It is approximated by the group median diagnostic rate. The median was chosen over the mean, as it is less susceptible to be biased by outliers. 

The healthcare provider rate (pathologist diagnostic rate) is normalized as follows:
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Equation 2
Where:

  Nj = healthcare provider rate for healthcare provider “j”

  Mj = measured rate for the healthcare provider “j”

  i = ideal (diagnostic) rate

  SDj = SD for healthcare provider “j”

Equation 2 can be substituted into Equation 1:
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Equation 3
To normalize we presume that the “SD” is equivalent and that only “n” changes. This amounts to forming two equations from Equation 3 and solving for the normed Mj.  After some rearrangement one can derive a conversion equation:
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Equation 4
Where:

  Mj normed = normalized (diagnostic) rate for healthcare provider “j”

  Mj measured = measured (diagnostic) rate for healthcare provider “j”

  nj normed = normalized number of specimens handled (interpreted) by healthcare provider “j”

  nj measured = number of specimens handled (interpreted) by healthcare provider “j”   

  i = ideal (diagnostic) rate
Note
The normalization is useful if the case volumes differ significantly.  Masking the case volume also ensures anonymity of the providers.
The normalized charts have several advantages:
1. the rate ordered control charts are quicker to read; one can very quickly pick-out the the number of outliers above and below the control lines
2. the providers are separated; data points do not overlap and may be less confusing
Appendix D: 
Calculation of in silico kappa
The in silico kappa (ISK) used in this study can be calculated a number of ways. We present two methods herein that show how this metric was initially conceived (with random numbers) and, how it can be calculated with greater ease.

Random Numbers Approach

1. Pathologist diagnostic rates (R) for the m pathologists are determined from the study set, and recorded as a fraction of their cases.  If pathologist ‘i’ interpreted 200 specimens and called 104 of them tubular adenoma, their rate (Ri) would be 0.52 (104/200).

2. A specimen set (S) is generated with n elements.  It contains a random number from 0-1 for each simulated specimen.

3. An inter-rater analysis study is simulated by having each pathologist (i) evaluate each specimen (j).  The diagnosis for each specimen (j) is determined separately for each pathologist (i) based on their diagnostic rate (Ri).  If the random number within element Sj is less than the rate for pathologist ‘i’ (Ri) the diagnosis is made and Sij is assigned a value of 1.  If the random number within element Sj is greater than the rate for pathologist ‘i’ (Ri) the diagnosis is not made and Sij is assigned a value of 0.

4. The array Sij is used to calculate Fleiss’ kappa.

5. Steps (2)-(4) are repeated with more elements and the kappa values are compared until convergence criteria are met. An in silico kappa was deemed converged when: (1) the calculated kappa varied <0.004 between the last two simulations (separated by 5000 cases), and (2) the calculated kappa varied <0.004 between the third last and fourth last simulations (separated by 5000 cases). 
The normed in silico kappa (NISK) is calculated with the same method; however, the diagnostic rates (R) are replace by the normed diagnostic rates (N).

Simple example calculation

1. Three pathologists have diagnostic rates as per Table S1.

2. If 40 random specimens are generated (column 1 of Table S2), the simulated diagnostic interpretations (using Table S1) can be calculated (columns 2-4 in Table S2).  A result of “1” means the diagnosis is present and a result of “0” means the diagnosis is absent.

3. Using the simulated diagnoses (column 2-4 in Table S2), a Fleiss’ kappa is calculated the usual way, and the resulting kappa is: 0.54488. 

Large case set simulation

If the above simulation is run with 200,000 specimens and Table S1 diagnostic rates, the kappa value is  0.76.

Convergence was investigated with a kappa-n plot, where n is the number of specimens. A convergence plot showed "wiggle" about a steady kappa value for increasing n values, as was expected (see Figure S1).

Table S1: Diagnostic Rates by Pathologist
	
	Pathologist A
	Pathologist B
	Pathologist C

	Diagnostic Rate
	0.050
	0.100
	0.070


Table S2: Simulated Specimens and Simulated Interpretations
	Specimen
	Pathologist A
	Pathologist B
	Pathologist C

	0.078
	0
	1
	0

	0.766
	0
	0
	0

	0.071
	0
	1
	0

	0.647
	0
	0
	0

	0.990
	0
	0
	0

	0.497
	0
	0
	0

	0.716
	0
	0
	0

	0.666
	0
	0
	0

	0.062
	0
	1
	1

	0.133
	0
	0
	0

	0.347
	0
	0
	0

	0.288
	0
	0
	0

	0.872
	0
	0
	0

	0.684
	0
	0
	0

	0.731
	0
	0
	0

	0.243
	0
	0
	0

	0.818
	0
	0
	0

	0.963
	0
	0
	0

	0.476
	0
	0
	0

	0.181
	0
	0
	0

	0.379
	0
	0
	0

	0.559
	0
	0
	0

	0.031
	1
	1
	1

	0.280
	0
	0
	0

	0.839
	0
	0
	0

	0.781
	0
	0
	0

	0.152
	0
	0
	0

	0.281
	0
	0
	0

	0.332
	0
	0
	0

	0.410
	0
	0
	0

	0.316
	0
	0
	0

	0.212
	0
	0
	0

	0.913
	0
	0
	0

	0.572
	0
	0
	0

	0.746
	0
	0
	0

	0.710
	0
	0
	0

	0.194
	0
	0
	0

	0.657
	0
	0
	0

	0.105
	0
	0
	0

	0.984
	0
	0
	0


Figures – Caption (Supplemental Material)

Figure S1: In silico kappa (ISK) versus number of cases (n). The plot shows convergence; the Δ(ISK)/Δ(n) decreases with larger n.

Refined Approach (Straight Calculation)

The initial approach with random numbers was deemed somewhat cumbersome to calculate. On closer examination of the simulation results, it was apparent that as n goes to infinity, the kappa calculated depends only on the rate differences. Thus, it was surmised that an equal subdivision of 0 to 1 would lead to the same result as the random numbers approach with large n.  Below is a sample calculation with n=40.

Simple example calculation

Please see Table S1 and Table S3.

It should be noted that the straight calculation with 40 specimens yields a kappa of 0.76; this is the same value generated with 200,000 specimens. 

Final word

Based on the "refined approach", it seems likely that there is a closed form solution for the in silico kappa calculation; however, it is suspected to be non-trivial for a large number of raters. Its' derivation is beyond the scope of this work.

Seen narrowly in a binary (diagnosis present/diagnosis absent) context, a better term for 'in silico kappa' (ISK) may be 'maximal overlap kappa'. We prefer the term 'in silico kappa' (over 'maximal overlap kappa') as the approach herein (simulating inter-rater variation studies) can be expanded beyond a binary context without the maximal diagnostic overlap assumption.

Table S3: Straight Calculation with Simulated Interpretations
	Specimen
	Pathologist A
	Pathologist B
	Pathologist C

	0.000
	1
	1
	1

	0.026
	1
	1
	1

	0.051
	0
	1
	1

	0.077
	0
	1
	0

	0.103
	0
	0
	0

	0.128
	0
	0
	0

	0.154
	0
	0
	0

	0.179
	0
	0
	0

	0.205
	0
	0
	0

	0.231
	0
	0
	0

	0.256
	0
	0
	0

	0.282
	0
	0
	0

	0.308
	0
	0
	0

	0.333
	0
	0
	0

	0.359
	0
	0
	0

	0.385
	0
	0
	0

	0.410
	0
	0
	0

	0.436
	0
	0
	0

	0.462
	0
	0
	0

	0.487
	0
	0
	0

	0.513
	0
	0
	0

	0.538
	0
	0
	0

	0.564
	0
	0
	0

	0.590
	0
	0
	0

	0.615
	0
	0
	0

	0.641
	0
	0
	0

	0.667
	0
	0
	0

	0.692
	0
	0
	0

	0.718
	0
	0
	0

	0.744
	0
	0
	0

	0.769
	0
	0
	0

	0.795
	0
	0
	0

	0.821
	0
	0
	0

	0.846
	0
	0
	0

	0.872
	0
	0
	0

	0.897
	0
	0
	0

	0.923
	0
	0
	0

	0.949
	0
	0
	0

	0.974
	0
	0
	0

	1.000
	0
	0
	0


ISK Variance due to Rate Variance by Bootstrapping Method

As ISK and NISK are calculated with an arbitrary number of specimens, the conventionally calculated confidence interval (CI) for Fleiss’ kappa does not have a significant meaning.  (The CI could be made arbitrarily small by choosing a larger number of specimens.)

ISK and NISK materially depend on the rate data only; thus, the uncertainty in ISK and NISK are due to the uncertainty of the rate data used to generate them. 

To understand the variation of ISK and NISK due to the uncertainty in the rate data bootstrapping was done.  The result of the calculation is known as the “variance due to the rate variance”, abbreviated “Vd2RV”.

The bootstrapping involved:

· Generating 200, 600, 1000, 2000, 3000, 4000 and 5000 sets of pathologist call rates, and calculating the ISKs and NISKs for each set of call rates.

· The pathologist call rates (within a set) were generated by simulating a sampling process using the measured diagnostic rates of the pathologists and their case volume 

· Extracting the 2.5 percentile value and 97.5 percentile value from the sets of calculated ISK values and NISK values to generate a 95% confidence interval.

The generated confidence intervals converged to an accuracy of approximately 0.01 with >2000 ISK/NISK values.

Formally:

If in silico kappa (λ) is:
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Where:


λ
is in silico kappa

 ri 
is the diagnostic rate of pathologist ‘i’


 p
is the number of pathologists

A variant in silico kappa (  λj) is:
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Where:
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is a simulated sample diagnostic rate of pathologist‘i’

binoinv()
is the inverse binomial distribution function

ri 

is the measured diagnostic rate of pathologist ‘i’

ni 

is volume of specimens read by pathologist ‘i’

rndi

is a random number (from zero to one)

p 

is the number of pathologists
Thus, the total range of ISKs is:

Range of ISKs = [λ1, λ2, λ3 ... λx]
Where:

λ1, λ2, λ3 ... λx  is a set of variant (simulated sample) in silico kappas

x 

is the number of pathologist sets
The ‘variance due to rate variance’(Vd2RV) is defined as: 
Vd2RV = 2.5 percentile of [λ1, λ2, λ3 ... λx] to 97.5 percentile of [λ1, λ2, λ3 ... λx]
Where: 
‘x’ 
is the number of pathologists sets and selected to determine the accuracy of Vd2RV
