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Using VBA to Calculate Agreement for Consistency Evaluation in
Diagnostic Assays

Wen Chen, Sharon Cao, Yibo Zhu, Roche Diagnostics (Shanghai) Limited

A reproducibility study of a diagnostic assay for quantitating immunohistochemistry (IHC) biomarkers in
tumor tissue specimens typically includes two study designs: a ring study and a reader precision study.
These studies cover consistency evaluation with both reference results and paired results among the
readers. In comparison with reference results, the main evaluation metrics are positive percent
agreement (PPA), negative percent agreement (NPA), and overall agreement (OA). For pairwise
comparison, consistency is evaluated by calculating the average positive percent agreement (APA),
average negative percent agreement (ANA), and average overall agreement (OA).

INTRODUCTION <HEADING 1>

This paper presents the agreement for consistency evaluation in the reproducibility study, with
calculations performed using Visual Basic (VB).

REPRODUCIBILITY STUDY <HEADING 1>

The reproducibility study evaluates the consistency among at least three clinical sites in processing,
staining, and interpreting the same set of sample slides. Each slide is binned scored as positive or
negative based on specific thresholds. This study includes two parts: the ring study and the reader
precision study.

RING STUDY <HEADING 2>

In a ring study, identical pathological slides are provided by each site and distributed to all participating
sites. Qualified pathologists at each site stain and interpret the slides according to the product
instructions.
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Figure 1. Ring Study Diagram

Table 1 shows the percent tumor membrane (%TC) staining, positive or negative results, and reference
results for three sample slides. A cutoff of 70 is used: TC values <70 are negative, =70 are positive. The
reference result (i.e., PARAMCD=MODE) is defined as the outcome most frequently observed across the
three sites. If multiple slide readings are available, the last valid reading is used for analysis.



Obs  SUBJID SITE ASEQ ADT | PARAMCD PARCAT1 | ATEST AVALC | EVAL EVALSITE ANLO1FL

11001 Site 1 1 2022-05-02 TC Ring Study 0 Pathologist C | Site 1
2| 1001 Site 1 2 2022-08-01 | TC Ring Study Read 1 | 50 Pathologist C = Site 1 4
3 | 1001 Site 1 3 2022-06-01 | TC Ring Study Read 1 | 80 Pathologist C = Site 2 Y
4 1001 Site 1 4 2022-06-01 TC Ring Study Read 1 75 Pathologist C = Site 3 X
& | 1001 Site 1 5 2022-06-01 | TCNP Ring Study Read 1 | - Pathologist C | Site 1 ¥
6| 1001 Site 1 6 2022-06-01 | TCNP Ring Study Read 1 + Pathologist C = Site 2 ¥
71001 Site 1 7 2022-06-01 | TCNP Ring Study Read 1 | + Pathologist C | Site 3 ¥:
8 1001 Site 1 8 MODE Ring Study + PathologistC  Site123 | Y
9 | 2001 Site 2 1 2022-05-02 TC Ring Study 0 Pathologist C | Site 1
10 | 2001 Site 2 2 2022-06-01 | TC Ring Study Read 1 | 40 Pathologist C | Site 1 A
11 | 2001 Site 2 3 2022-08-01 | TC Ring Study Read 1 | 45 Pathologist C = Site 2 Y
12 | 2001 Site 2 4 2022-068-01 | TC Ring Study Read 1 | 75 Pathologist C = Site 3 Y
13 2001 Site 2 5 2022-06-01 | TCNP Ring Study Read 1 - Pathologist C | Site 1 Y
14 2001 Site 2 6 2022-06-01 | TCNP Ring Study Read 1 - Pathologist C = Site 2 Y
16 | 2001 Site 2 7 2022-06-01 | TCNP Ring Study Read 1 + Pathologist C = Site 3 ¥
16 2001 Site 2 8 MODE Ring Study - PathologistC Site123 | Y
17 | 3001 Site 3 1 2022-05-02 TC Ring Study 0 Pathologist C = Site 1
18 3001 Site 3 2 2022-08-01 | TC Ring Study Read 1 | 70 Pathologist C | Site 1 ¥
19 | 3001 Site 3 3 2022-06-01 | TC Ring Study Read 1 75 Pathologist C = Site 2 ¥
20 | 3001 Site 3 4 2022-06-01 | TC Ring Study Read 1 | 80 Pathologist C = Site 3 i
21| 3001 Site 3 5 2022-08-01 | TCNP Ring Study Read 1 | + Pathologist C = Site 1 ) &
22 | 3001 Site 3 6 2022-06-01 | TCNP Ring Study Read 1 | + Pathologist C = Site 2 Y
23 | 3001 Site 3 7 2022-06-01 | TCNP Ring Study Read 1 + Pathologist C = Site 3 ¥
24| 3001 Site 3 8 MODE Ring Study £ PathologistC Site123 | Y

Table 1 Dataset of Readings in Ring Study
READER PRECISION STUDY <HEADING 2>

The reader precision study evaluates the consistency of slide interpretation by the same or different
pathologists within sites and across different sites. This study includes three parts:

¢ Intra-site intra-pathologist consistency: the same pathologist interpreting the slides three times at
each site, with each reading separated by an interval of more than two weeks. (see observations 1 - 3
in Table 2)

o Intra-site inter-pathologist consistency: three pathologists with different qualifications at each site
interpret the same slides. (see observations 1, 4, and 7 in Table 2)

o Inter-site inter-pathologist consistency: three pathologists with same qualification at different sites
interpreting the same slides. (see observations 4 - 6 in Table 2)
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Figure 2. Intra-Site Intra-Pathologist Consistency in Reader Precision Study Diagram
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Figure 3. Intra-Site Inter-Pathologist Consistency in Reader Precision Study Diagram

Obs  SUBJID SITE ASEQ ADT PARAMCD PARCAT1 ATEST | AVALC EVAL EVALSITE ANLO1FL
11008 Site 1 8 2022-07-01 | TC Reader Precision Read 1 50 Pathologist A Site 1 Y
2 1008 Site 1 9 2022-07-21 TC Reader Precision Read 2 80 Pathologist A Site 1 Y
3 1008 Site 1 10 2022-08-10 TC Reader Precision Read 3 75 Pathologist A Site 1 Y
41008 Site 1 11 2022-07-01 | TC Reader Precision Read 1 80 Pathologist B Site 1 Y
5| 1008 Site 1 12 2022-07-01 TC Reader Precision Read 1 70 Pathologist B Site 2 Y
6| 1008 Site 1 13 2022-07-01 TC Reader Precision Read 1 80 Pathologist B Site 3 Y
71008 Site 1 14 2022-07-01 TC Reader Precision Read 1 80 Pathologist C Site 1 Y
8| 1008 Site 1 15 2022-07-01 | TCNP Reader Precision Read 1 - Pathologist A Site 1 Y
9 1008 Site 1 16 2022-07-21 | TCNP Reader Precision Read2 + Pathologist A Site 1 Y

10 | 1008 Site 1 17 2022-08-10 | TCNP Reader Precision Read 3 + Pathologist A Site 1 Y
11 | 1008 Site 1 18 | 2022-07-01  TCNP Reader Precision Read 1 | + Pathologist B Site 1 ¥
12 | 1008 Site 1 19 2022-07-01 | TCNP Reader Precision Read 1 + Pathologist B Site 2 Y
13 | 1008 Site 1 20 2022-07-01 | TCNP Reader Precision Read 1 | + Pathologist B Site 3 X
14 | 1008 Site 1 21 2022-07-01 TCNP Reader Precision Read 1 + Pathologist C Site 1 Y
15 1008 Site 1 22 MODE Reader Precision + Pathologist A Site 1 Y
16 | 1008 Site 1 23 MODE Reader Precision + Pathologist AB C  Site 1 ¥
17 | 1008 Site 1 24 MODE Reader Precision + Pathologist B Site123 | Y

Table 2 Dataset of Readings in Reader Precision Study

AGREEMENT RATES ANALYSIS <HEADING 1>

Agreement rates analysis in consistency evaluation includes positive percent agreement (PPA), negative
percent agreement (NPA), overall agreement (OA), average positive percent agreement (APA), and
average negative percent agreement (ANA). The calculation formulas are as follows:

Column Result
Row Result | Positive (+) | Negative (-)

Positive (+) a b
Negative (-) c d
Table 3. One 2x2 table
Positive Percent Agreement (PPA) = 3 :l_ .
d
Negative Percent Agreement (NPA) = ——
b+d
a+d
Over Agreement (0A) = PR
.y 2a
Average Positive Agreement (APA) = At btc



Average Negative Agreement (ANA) = 2d+tb+e

BOOTSTRAP RESAMPLING <HEADING 1>

A nonparametric bootstrap procedure can be used to calculate the confidence interval for the agreement
from a dataset with n observations. The steps are as follows:

1.  Resample with replacement: randomly sample n observations with replacement from the original
data to generate a simulated dataset.

2. Calculate the agreement: compute the agreement of the simulated dataset.
Repeat resampling: repeat steps 1 and 2 a total of B times to obtain B simulated agreement.

Compute the confidence interval: take the 2.5" and 97.5™ percentiles.

VBA FOR AGREEMENT <HEADING 1>
AGREEMENT: PPA NPA OA <HEADING 2>

Step 1: Prepare the data and parameters<Heading 3>

Taking Table 2.1.1 as an example in Display 1, input the necessary parameters including the input sheet,
output sheet, rows and columns, and statistical measures into the panel sheet, and ensure that the
corresponding ring study data are ready for agreement analysis.

e Column F: represents the input sheet containing the dataset of slide readings.

o Column G: represents the output sheet, i.e., the table to be generated.

e Columns H - M: correspond to the rows and columns of a 2x2 contingency table.

e Column N: contains the calculated statistical measures.
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Display 1. Parameters for VBA Macro

Transpose the slide reading data in the Table 1, and recode positive results as 1 and negative results as
0. This is done to facilitate the calculation of frequencies in the 2x2 contingency table.



A B C D E F G H

1 subjid |s1 s2 s3 mode
2 1001 0 0 0 0 \ 0[negative |
3 1002 1 1 1 1 \ 1| positive
4 1003 0 0 0 0
5 1004 1 1 1 1
6 1005 1 1 1l 1
7 1006 0 0 0 0
8 1007 0 0 0 0
9 1008 1 1 1 1
10 1009 0 0 0 0
11 1010 1 1 1 1
12 1011 0 0 0 0
13 1012 1 1 1 1
14 1013 0 0 0 0
15 1014 1 1 1 1
16 1015 0 0 0 0
RS +

Display 2. Slide Readings for Ring Study in Excel

To align the column names between the panel sheet and the slide reading data, the function stores the
positions of the matched columns in the array, thereby facilitating the identification of row and column
variables for the fourfold table.

| (General) V| |1atch_co].nale

ReDim arr_nox(l, cnt_var)
If InStr{lCase(Sheets (tocsht).Cells{row, 14}, "boot”™) = 0 Then
*zave the column ne in arr ne
‘match toc_colname with insht_colname
For L = 1 To cnt_var
For m = 1 Te insht_last_c
If LCase(Sh%ets(;ocsht).Cells(row, L + 7)) = LCase(Sheets(insht).Cells (1, n)) ind Sheets{tocsht).Cells{row, L + 7} <> " Then
arr_nexil, L} =m
Debug. Print “L=" & L & ”, arr_nox=" & arr_nox(l, L) & *,var=" & Sheets(insht).Cells{1, n)
End If
Next m
Next L
End If

TOutput Array
natch_celname = arr_no

=[=

Immediate

_war=6

, arr_nex=5, var=mode
arr_nox=z, var=sl
arr_nox=5, var=node
arr_nox=3, var=s2
arr_nox=9, var=node
arr_nox=4, var=s3

[l well sl wnll well mnlf oY

[T T T [
O 71 o L3 B S o

Step 2: Obtain Frequency<Heading 3>

Based on the 2x2 contingency table, recode each record and store it in an array.



LUT WALy PAlls LUl LUW @l LUl
leop_no = UBoundlarr_nex, 20 / 2

For 1 =1 To loop_no
a=10:hb=0: =0:d=20
"remember to empty arr_a, arr_h, arr_c, arr_d hefere each losp
ReDim arr_rng{loop_no, max_row, 3), arr_freq(3, &)
ReDim arr_aimax_row), arr_bimax_rov), arr_cimax_row), arr_dimax_row)
ReDim arr_idimax_row)

For j =1 To max_row
arr_rngti, j, 1) = Sheets(insht).Cells(j + 1, arr_nox(l, 2 % i - 1);
arr_rng(i, i, 2 = Sheets(lnsht) Cells (j +1, arr_nox(l, 2 * 1))
arr_rnzii, j, 3 = “site” & 1 & “_" & Sheets(insht). Cells(J +1, 1)

*get abed=cel ws Tow

=g

If arr_rng(i, 3, 1) =1 And arr_rng(i, i, 2) = 1 Then
arr_a(j) =

Elzelf arr_rng(1, J, 1) =1 ind arr_rng(i, j, 2 = 0 Then
arr_c(j) =

Elself arr rng(l, 3, 13 = 0 ind arr_rngéi, i, 2) =1 Then
arr_b(j) =

Elself arr rng(l, i, 1) = 0 ind arr_rngi, i, 2 = 0 Then
arr_d(3) = 1

End If

arr_id{j) = arr_rng(i, j, 3}
Next j

a = WorksheetFunction. Sum {arr_a)
b = WorksheetFunctien. Sum (arr_h)
¢ = WorksheetFunction. Sum (arr_c)
d = WorksheetFunction. Sum {arr_d)

Debug.Print "i=" & i & ",2=" & a & ",b="& b & ",c=" & c & ",d=" & d

mmediate

Step 3: Estimate the Agreement and 95% Confidence Intervals<Heading 3>

Estimate the agreement based on the formulas.

arr_freq(l, 1): b
arr_freqiz, 1): d

a
=

arr_freg(l, 2)
arr_freql2, 2)

pot=numerator/deneninator

APA _ANA_O4

arr_mm{l) = 2 * a: arr den{1) = 2+ a +h + ¢
arr_mm(2) = 2 * d: arr den(2) = 2* d +h + ¢
arr_mmi3) = a + d: arr_den(3) =a +h +c +4d
"PPA_NFA_QA

arr_mumi4) = a: arr_den{4) = a + ¢

arr_mmi{5) = d: arr_den(5) = b + d

arr_mmif) = arr_mumi3) : arr_den(#) = arr_den(3}
pct(nLunfden)*lOO

Fer 1 =1To &

If arr_den(i} <> 0 Then arr pct(l) = Round{ (arr_mm (1) / arr_den(i)) #* 100, 1)
arr _petnd(i) = arr_pet(i) & © (¥ & arr_mm(i) & /% & arr_denfi) & “)°

Next 1

arr_pctx = arr_pct: arr_pctndx = arr_pctnd

Calculate the corresponding confidence intervals.

for apa~ana—ca : Transformed Wilsen Scere
arr_m(l) = a +b +c: arr_nn(2) =d+b+c: arr_nn(3) =a+h +c¢c +d

"for ppa—npa—oa: wilsen score
arrnni4) = a + ¢: arrn(8) = d +b: arron(@) =a +b +c+d

"alpha two side
alpha = 0.05
Z = Application. NormSInv(l - alpha / Z)

"zet 95% ci———wilsen and transformed wilsen
For _] =1 To
“pet for wilsen score
1f arr_wn(j) <> 0 Then arr_wpct(i) = arr_wx(i) / arr_wn(i)

low = (2 # arr_non(j) * arr wpct() + 2~ 2 - 2% 8qr(Z 2

+ 2+ (arr_on(3) + 17 2)
upper = (2 # arr_mn(j) * arr_wpet(j) + 2 " 2 + Z * SqriZ ~ 2

4 arrinn(j) # arr_wpct (i) * (1 — arr_wpct (1)) / (
+ 1My S (2 * Garroan(§) + 27 2)

* arr_m(j) * arr_wpet(j) * (1 - arr_wpct()))

'ei 1=lew Z=upper, percent *100
If J <= 2 Then
ana apa ——Transformed Wilson
arr_wei(j, 1) = Round ({2 * low / (1 + low)) # 100, 1)
arr_wei(j, 20 = Round((2 * upper / (1 + upperd)) * 100, 1)
End If

! ppa*npa*oa*oa**wilson
If 3 <= j Then
arr_weilj, 1)
arr_wei(j, 2)
End 11

Round (lov * 100, 1)
Round (upper * 100, 1)

arr_wei2(i) = (" & arrwei(d, 1) & 7, " & arr_weifi, 2) & 737

% : ow=" & low & 7, upper=" & upper

Debug. Print “arr_nn=" & arr _rn ()
& 3 & oarr_wei2 (3D

Debug. Print "arr weiZ: j=
Next i
arr_wclx = arr_wclZ
get_pct_wel = arr_weciZ
Frd Fimetion




Step 4: Output the Table<Heading 3>

In Display 1, by clicking the first button and entering the corresponding row number of the table in the
panel sheet, the required table can be generated automatically.

To create one table oK

Cancel

Display 3. An Input Box

Table 2.1.1 Agreement rates with reference results for ring study (PPS)

+ - Total
mode VS s1 + 50 0 50
- 0 50 50
Total 50 50 100
PPA% (0/N) [95% CI] 100 (50/50) (92.9, 100)
NPA% (wN) [95% CI] 100 (50/50) (92.9, 100)

0A% (w/N) [95% CT] 100 (100/100)  (96.3, 100)

+ - Total
mode VS ¢2 + 50 0 50
- 0 50 50
Total 50 50 100
PPA% (n/N) [95% CI] 100 (50/50) (92.9, 100)
NPA% (oN) [95% CI] 100 (50/50) (92.9, 100)

0A% (wN) [95% CI] 100 (100/100) (96.3. 100)

+ - Total
mode VS 3 + 46 1 47
- 4 49 53
Total 50 50 100
PPA% (n/N) [95% CI] 92 (46/50) (81.2, 96.8)
NPA% (n/N) [95% CI] 98 (49/50) (89.5, 99.6)
0A% (N) [95% CI] 95 (95/100) (88.8, 97.8)

Display 4. A Sample Table in Ring Study
AGREEMENT: APA ANA OA <HEADING 2>

Taking Table 2.1.2 as an example in Display 1, the previous steps can be referenced from Table 2.1.1.

Estimate the 95% Cl Using the Bootstrap Resampling <Heading 3>

Perform 2,000 resampling iterations to calculate the confidence intervals of the agreement.



Randomize 1236
For bt = 1 To 2000
a=0:b=0c=0:d=10
For i = 1 To tot_row
rnd_no = Int(Rnd * tot_row + 1)
"Debugz. Print rnd_ne
= arr_alrnd_no)
arr_b{rnd_no)
arr_c(rnd_ne)

Y
4
+
+ arr_d(rnd_ne)

oo o
o
oo o

Hext i

"get stat for each sampling

If 2+ a+h +c) <> 0 Then arr_apatht) = 2% a / 2+ a +h + ¢)
If (2+#d+b+c) ¢>0Then arr anatht) = 2+ d/ 2+d+h +¢)
If (a+bh+c+d <> 0 Then arr_catht) = (a +d) / {a +b +d+ o)

‘ppa & pna, same as sen—spe—oa

If (a + ¢} <> 0 Then arr_ppatht) = a / (a + ¢
If (b +dd <> 0 Then arr_npatht) = d / (b + d
Hext bt
alpha = 0.05

p_l = alpha / 2
p_2=1- alpha / 2

"hootstrap —sget Percentile 2. 5-97. 5%
arr_pct2(1, 1) WorksheetFunctien. Percentilefarr_apa, p_1)
arr_pct2{1, 2) WorksheetFunction. Percentile{arr_apa, p_2)

WorksheetFunction. Percentile(arr_ana, p_1)
WorksheetFunction. Percentile(arr_ana, p_2)

arr_pct2(2, 1)
arr_pct2(2, 2)

CREATE ALL TABLES AND TOC <HEADING 2>

In Display 1, clicking the second icon generates all tables sequentially using a for loop, while clicking the
last icon creates the table of contents.

sub td_loop ()

"#44 Code is partially omitted for clarity
,

prompt_sl = “To create all tahles”
prompt_s2 = “Enter twe numbers separated by a comna, e.gz., 4,867

Title_s = "Enter start and end row mmbers of the tables in ’TD_Panel’ sheet”
respense = InputBox(prompt:=prompt_sl & vhCr & vbCr & prompt_s2, Title:=Title s)
rowParts = Splitiresponse, *,"): start_rtow = Val (Trim{rowParts{0)}): end row = Val (Trin(rovParts

For row = end_row To start_row Step —1
Set outsheet = Worksheets. &dd(Eefore:=Worksheets (1))
fdctiveSheet. Hame = outsht

3

"sek], prepare Data: match colname between td_panel and reading data
,

arr_no = match_colname (tocsht, insht, row, toc_last_r, insht last_c, arr_nox)
loop_no = UBound{arr_no, 1)
tot_row max_row * 3 * loop_no

If IpStr(LCase(Sheets(tocsht).Cells(row, 1433, “hoot™) » 0 Then

Tk, prepare Data: append Data or read source data

Call append_row_col (tocsht, insht, max_row, arr_ne, arr_a, arr_h, arr_c, arr_d, arr_id)
;

Tk, table partl: get frequency
,

arr_freq = get_fregloutsht, arr_a, arr_h, arr_c, arr_d)
;

:***4. table partZ: get npet & wilsen or transformed wilson ci

arr_wei = get_pet_wei{outsht, str, arr_freq, arr_pctx, arr_pctndx, arr_wcix)

Tk, table part3: get bootstrap ci

arr_pctZ = get_boot_ci (tot_row, outsht, str, arr_a, arr_b, arr_c, arr_d, arr_id)
3

Tk, table partd: output ci
,

Call output_ci{outsht, str, arr_pectx, arr_wel, arr_pct?, arr_pctndx)
End If
Call table format(outsht, tocsht, row) ’tahle format
Next row
End Sub




A B

1 Content
2 |T2_1 1 Table 2.1.1 Agreement rates with reference results for ring study (PPS)
3 T2 1 2 Table 2.1.2 Agreement rates with reference results for ring study - combined analysis (P
4 (T2 2 1 Table 2.2.1 Agreement rates with paired results for ring study (PPS)
5 |T2 2 2 Table 2.2.2 Agreement rates with paired results for ring study - combined analysis (PPS)
[

> Content T211 T212 T221 T222  temp_couni

Display 5. Content of the Tables
CUSTOMIZE THE OFFICE RIBBON <HEADING 2>

You can use the Office RibbonX Editor to customize the office ribbon by adding buttons with icons that
are linked to VB macros.

File Edit View Insert Help

25 Open |d Save s Settings | [ Insert Icons 4 Validate %= Generate Callbacks ( Reload on Save
4 ] TD 20250630dsm customUI14xmi
4 ) customUN4xmi 1 cl--Microsoft Excel CustomUlla . XL Code produced on 2023/05/69-->
* . 2 I--icons are downloaded from https://icol

4 iconsB-microscope-64 || 3 [ jccustomUI xmlns="http://schemas.microsof Ffice/2009/87/customui” >

& icons8-microscope-100/ | 4 <ribbon >

E icons8-content-100 : ‘"bft;h

) customULxmi 7 id="Tab1

8 label="RDSL Biometrics" insertAfterMso="TabHome">
9
10 <group
1 id="Group1" label
12 <button id="Butto APA” size="large" onAction="TD1" im
13 <button id="Bi APA™ e="large” o 2" i />
14 <button id="Butto size="large" onAction="td_toc" image="ico
15 </group>
16
17 </tab >
18 </tabs >
19 </ribbon >

20 </customUI >

Display 6. Office RibbonX Editor

CONCLUSION <HEADING 1>

This paper describes the use of VBA to calculate the agreement rates in tissue diagnostic trials. The
results are validated using SAS.
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Wen Chen

Roche Diagnostics (Shanghai) Limited
wen.chen.wc2@roche.com
chenwen_23@163.com

Sharon (Xianwen) Cao
Roche Diagnostics (Shanghai) Limited
sharon.cao@roche.com

Yibo Zhu
Roche Diagnostics (Shanghai) Limited
yibo.zhu@roche.com
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