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Abstract

Objective: For decades, it has been a big challenge to di-
rectly and accurately measure an irregularly shaped area
for a tumor volume evaluation of prostate cancer. All current
methods are not ideal for different reasons. An objective,
practical, accurate, and reliable method for measuring of
prostate cancer volume is needed, in particular in modern
precision medicine setting, pursuing accuracy and quality
of health care.

Methods and materials: In this study, we applied a mathe-
matical method - the Gauss area calculation formula to the
evaluation of irregular shape of prostate cancer areas on
H&E slides. To simplify the calculations, we used JavaS-
cript program to achieve that practical easiness.

Results: By using this mathematical method, we were able
to easily obtain the accurate tumor volume percentage,
which has never been so objective, accurate, and practical
before. The method can be easily applied using scanned
H&E pathological slides - including surgical slides, fine nee-
dle aspirate (FNA) slides, and even digitally scanned pic-
tures, particularly when there are separate areas of interest
on one slide.

Conclusion: To our knowledge, this is the first reported
practical solution of this methodological problem. In this
project, with a mathematical method as the principle, we
developed a JavaScript program to simplify the calculation
so the pathologists can easily apply it to obtain an objective
and accurate information for the tumor volume of prostate
cancer.
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Introduction

Prostate cancer is the second leading cause of can-
cer death in American men, behind lung cancer. The
American Cancer Society’s estimates about 174,650
new diagnoses and about 31,620 deaths from prostate
cancer in the United States for 2019 [1]. There are two
most significant factors which affect patients’ prog-
nosis: “quantity” and “quality”. The “quantity” means
the tumor volume. Tumor volume shares something
in common with staging but with some differences.
By the current College of American Pathologists (CAP)
prostate cancer protocol, stage 2 prostate cancer is de-
fined as organ confined. This is a very broad category,
with tumor volume that may range from 0.1% through
99.9%, as long as the tumor is still confined within the
prostate gland. Under this criteria, patients at the same
stage but with different tumor volume may have differ-
ent prognosis [2]. This is particularly true if the tumor
volume is large enough to extend to other tissue or or-
gans. On the other hand, even with the same Gleason
score, grade group, histological type, and staging, the
management of patient with only 1% of tumor volume
should not be the same as the one with 99% of tumor
volume. Secondly, the “quality”, meaning the tumor
Gleason score, grade group, and even histology type.
All these factors are important information for patient
management [3,4] and prognosis [5,6]. This is why the
pathologists are required to report the Gleason score,
grade group, and percentage of higher pattern (4 or 5)
in detail [2] (see Table 1) in the pathological report.
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Table 1: The Current CAP protocol for prostate cancer grading and Gleason score standard.

Grade group Gleason score Definition
1 Less than or equal to 6 ' Only individual discrete well-formed glands
2 3+4=7 Predominantly well-formed glands with lesser component of poorly formed/fused/
cribriform glands
3 4+3=7 Predominantly poorly formed/fused/cribriform glands with lesser component (¥) of
well-formed glands
4+4=8 Only poorly formed/fused/cribriform glands
3+5=8 Predominantly well-formed glands and lesser component (*) lacking glands (or with
4 necrosis)
5+3=8 Predominantly lacking glands (or with necrosis) and lesser component (*) of well-
formed glands
5 9-10 Lack gland formation (or with necrosis) with or without poorly formed/fused/cribriform
glands (*)

The most recent CAP explanatory notes (posted in
August 2019) mentioned that studies have shown pros-
tate cancer volume is a prognostic factor, although
the current data are conflicting as to its independent
prognostic significance. There are many methods of es-
timating the amount of tumor in pathology prostrate
specimens [7-9]. Some reports even mentioned tumor
volume can be “eyeballed” by simple visual inspection
[10] or it “may be possible” to measure with at least 2
dimensions [11]. Obviously all these methods are highly
inaccurate. Perera, et al. [12] compared the contempo-
rary methods and concluded that a reliable good meth-
od is still needed.

According to the CAP statement, our basic ques-
tion is if we were lack of an objective standard method
showing accurate tumor volume, how could we com-
pare the data with each other to reach the conclusion
that data are conflicting or not? Based on common
sense, it is almost absolutely true that prostate cancer
volume is a prognostic factor if we simply go to the
extremes by comparing 99% with 1% of tumor volume,
even though by current CAP staging criteria, both vol-
umes are stage 2, no matter what the Gleason score,
grade group, or histology type is.

In order to find out if the differences are significant,
for example between 1% versus 5% of tumor volume,
we definitely need an accurate tumor volume measure-
ment. We present here a method which allows to easily
and accurately measure the tumor volume percentage
from the microscopic slides, using a mathematical prin-
ciple and computerization of the complicated calcula-
tions into a JavaScript program. To our knowledge, this
is the first reported method which can objectively and
directly measure the real tumor volume. We believe this
long-term methodological problem can now be marked
with a “The end”. The aspects for the potential clinical
significance are also discussed.

Material and Method

The Gauss area formula, a mathematical method to
calculate the area of an n-sided, non-self-intersecting

Chen et al. Int J Pathol Clin Res 2019, 5:101

polygon given the coordinates of its vertices, was em-
ployed to calculate the tumor area and tissue area sep-
arately and then to determine the percentage of tumor
area(s) over tissue area.

To approximate areas of tumor and tissue, ordered
points were plotted (counterclockwise or clockwise)
along the perimeter of the tissue and tumor on an up-
loaded computer image (JPG, PNG, etc), and the area of
resulting irregular polygons found by connecting them
was calculated with Gauss’ formula in a JavaScript pro-
gram: For ordered points (x,y.), (X,¥,), (X,¥,),-, (X, ).
The mathematical formula is:

A - l n—1 n-1
rea = 5 Zizlxiym - Zizl‘xi+1yi

Image size and changing dimensions by stretching
will not affect tumor area to tissue ratio. JavaScript pro-
gram steps are as follows: see the Supplemental Data
attached.

Results

Based on the basic mathematical Gauss’s area calcu-
lation formula as principle, we performed the underly-
ing complicated calculation in a JavaScript program. We
than built a simple software incorporating the whole
process, to obtain the final tumor percentage. The soft-
ware is available at the following website:

JavaScript program html:
https://area-of-shape-calculation.johnchen7.repl.co

To use it, first open the linkage in a window or mac
page. And then follow the steps below:

stepl step2
choose a scanned

5 first click "tissue" step4
slide

after you use dots click "Result"
to circle the and then get the
tissue,
click"EndPath"

surgical slide or

step3

then click"
tumor”, after you Enjoy :)
use dots to circle

the tumor area,

click"EndPath"

core biopsy slide
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1. Upload a histological H&E picture or any scanned
slide;

2. Click the “Tissue” button and start dotting along the
perimeter of the tissue; at the last dotting, click the
“EndPath” button to close the area which you choose
as tissue area;

3. Click the “Tumor” button and then dot around the
perimeter of the tumor area; at the last dotting,
click the “EndPath” button to close the area which
choose as tumor area;

4. Click the “Result” button and then the percentage
of tumor over tissue will be automatically report-
ed out!

Now let’s use a few examples to better understand
how to easily use it:
Example 1:

1. Load the slide by clicking the “Choose File” button.

@ Filupload X [
C & area-of-shade-calculation.johnchen?.repl.co

Choose File Image-40jpg | Resati_| Tumor || Tissue || EndPath |

2. Click the “Tissue” button and then dot the tissue area
along the perimeter of the tissue on slide; it does not
matter wherever you start. Click the “EndPath” but-
ton to end the circling of the tissue area.

@ Fieuploxc x|+

(¢} & area-of-shape-calculation.johnchen?.repl.co

Choose File | Image-40,pg Tissue Pieces: (1)

Result | | Tumor || Tissue | EndPath

3. Click the "Tumor” button and then dot the tumor
area along the perimeter of tumor area; click the
“EndPath” button to end the circling of the tumor
area.
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Q@ rileUpload x -+

C & area-of-shape-calculation.johnchen7.repl.co

| Choose File |Image-40jpg Tumor Pieces: (1) I Result || Tumor | | Tissue | EndPath

Tissue Pieces: (1)

4. Click the “Result” button to get the accurate per-
centage of tumor area: 23.49%!
@ FileUpload x &+
C @& area-of-shape-calculation.johnchen?.repl.co

Tumor Peces: (1) [ Rasalt][1 1e2-0fshape-calcuaton ohrichen.repl.co says

[ Choose File | Image-40.jpg
Tumor/Tissue Percentage: 23.491434462487845% I

Tissue Pieces: (1)

Example 2: Fine needle aspirate (FNA) slide: 12.99%!

@ Fietpons x ¥

C @ area-of-shape-calculation johnchen?.repl.co

Choose File | Image-41 png

Tumor Preces: (1) [ Result |1

Tissue Pieces (1)

tumor area

core biopsy

For this FNA slide, our result is 12.99%, which re-
flects not only the length of the tumor area, but also
the actual width. In our daily practice, we usually only
measure the length, by which strictly speaking it is not
accurate since the tumor may be only partial width of
the length. Hence our method is more accurate and the
result objectively stands for the real tumor area.

Example 3: If on one slide or picture there are more
than one tumor areas, do not worry. This method still
works well. Just click “Tumor” button again after finish-
ing the first tumor area. This example includes two ir-
regular tumor areas, with the total percentage 28.13%!
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Choose File |Image-42.png Tumor Pieces: (2) | Resuit|[ 1 3¢

tumor areal

tumor area 2

Discussion

The determination of the tumor percentage based
on distribution of the irregularly shaped prostate can-
cer area(s) in the microscopic slides has a potential
clinical significance, with impact on management and
prognosis. However, an accurate and practical method
of tumor volume measurement has always been chal-
lenging, in particular in the prostate cancer which may
often be multifocal, with irregularly shaped cancer foci.
In the presented project, with a mathematical method
as the principle, we developed a simple computerized
JavaScript program to simplify the calculation to obtain
an objective and accurate percentage of the tumor vol-
ume. To our knowledge this is the first paper to reach
this practical level and solve this methodological prob-
lem. The more accurate results of tumor volume mea-
surement may hopefully allow for reproducible stratifi-
cation and sub-staging of prostate cancer patients, who
are currently staged as pathologic stage 2.

With this method, for the first time, we can directly
measure one or more irregularly shaped tumor area(s)
on one microscopic slide. Due to limited research con-
ditions, we did not directly incorporate our program
into an automatic digital imaging system of the dig-
itally scanned slides. We believe the accuracy will be
further improved by directly dotting around the border
of cancer areas on digital images. However, based on
the same principle, with just a few simple steps, our
method can be easily used to acquire objective and
accurate tumor volume on a scanned slide or an H&E
picture. Furthermore, this method can be also applied
to any other solid tumor, whenever an accurate tumor
volume/percentage are needed, in particular if multi-
ple separate small tumor foci exist in the same area.
Because of its simplicity and ease of application, this
mathematical method is an ideal tool to deal with this
challenging situation.

Another potential application of our method is for
the reconstruction of a histological 3-D tumor image.
The current 3-D radiology imaging technique can nice-
ly show the 3-D picture of a prostate mass. However,
imaging cannot replace histology. The 3-D mass on
radiology imaging does not necessarily represent the
size of an actual tumor that we are concerned about.
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Some parts of radiologically defined mass may contain
benign prostatic hyperplasia (BPH) or be entirely be-
nign. In other words, any suspected imaging has to be
confirmed by histology examination, to evaluate the
real volume or size of the tumor. Using the currently
presented method, we can histologically confirm the
cancer borders on serial sections of a prostate gland,
with the accurate percentage information on all sec-
tions. This allows us to construct a whole 3-D picture of
the distribution of the pathologically confirmed tumor
in the prostate gland. In addition to Gleason score,
grading group, histological type, and molecular infor-
mation, the accurate data regarding the real size of
cancer, its location, distances from margins and adja-
cent structures should provide clinically significant in-
formation for optimal management of individual pros-
tate cancer patients. Future studies comparing the
radiologic and pathologic 3-D images of the prostate
cancers, may lead to development of management
strategies without traumatic surgery.
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Supplemental Data:
JavaScript program steps based on Gauss’s area calculation formula
<IDOCTYPE html>
<html lang = “en”>
<head>
<meta charset="utf-8">
<title> FileUpload </title>
<style>
#hello{
position: relative
}
</style>
</head>
<body>
<input type = “file” />
<button type = “button” />
<l-determines connection to JS ->
<l- Button class ->
<p id="showCount”></p>
<p id="showCount1”></p>
<p id="showCount2”></p>
<div class="btn-group”>
<button onclick= “CountFun()”>Result</button>
<button onclick= “CountFuni()”>Tumor</button>
<button onclick= “CountFun2()”>Tissue</button>
<button onclick= “LastConnect()”>EndPath</button>

</div>

<canvas id="myCanvas” width="1200" height="800" style="border:1px solid #000000;”></canvas>

<script src="script.js”> charset = “utf-8” </script>

<script>
var shapes = 10;

function LastConnect(){

shapes+=10;

var a = pointsarray.length;
var canvas = document.getElementByld(“myCanvas”);
var context = canvas.getContext(‘2d’);
context.beginPath();

context.moveTo(pointsarray[a-1].x, pointsarray[a-1].y);
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context.lineTo(pointsarray[0].x, pointsarray[0].y);

context.stroke();

vari;varA=0;varB=0;
pointsarray.push(pointsarray[0]);
for(i=0; i<=pointsarray.length-2; i++)
{
let al = pointsarray[i].x;
let a2 = pointsarray[i+1].x;
let bl = pointsarraylil.y;
let b2 = pointsarray[i+1].y;
A+=al*b2;
B+=a2*b1;
}
if(boolean)
{
var element = document.createElement(“P”);
element.innerHTML = “Tumor “ +cntl+ “ Area: “ +0.5*Math.abs(B-A);
element.id = “hello”;
element.style.left = “500px”;
element.style.top = parselnt(“shapes”, 10)+”px”;
document.body.appendChild(element);
totaltumor += 0.5*Math.abs(B-A);
}
if(!boolean)
{
var element = document.createElement(“P”);
element.innerHTML = “Tissue “ +cnt2+ “ Area: “ + 0.5*Math.abs(B-A);
element.id = “hello”;
element.style.left = “500px”;
element.style.top = parselnt(“shapes”, 10)+”px”;
document.body.appendChild(element);
totaltissue += 0.5*Math.abs(B-A);
}

pointsarray.splice(0, pointsarray.length);
}
</script>

</body>
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</html>

Javascript:

//uploads image. Stretching will not change ratio.

const input = document.querySelector(‘input[type="file"]’)
const img = new Image ();
input.addEventListener(‘change’, function(){

const reader = new FileReader()

reader.onload = function() {

img.src = reader.result;

var ¢ = document.getElementByld(“myCanvas”);
var ctx = c.getContext(‘2d’);

ctx.drawlmage(img, 0, 0, 1200, 800);

}
reader.readAsDataURL(input.files[0])
}, false)

//Button Functions
var cnt=0;

function CountFun(){
cnt++
if(cnt>=1)
{
window.alert(“Tumor/Tissue Percentage: “ + (100*totaltumor)/(totaltissue) + “%”);
}
}

var cnt1=0; var boolean;

function CountFuni(){

cntl++

var divData=document.getElementByld(“showCount1”);

divData.innerHTML="Tumor Pieces: (“+cntl +”)”;//this part has been edited

boolean = true;

}

var cnt2=0;

function CountFun2(){
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cnt2++
var divData=document.getElementByld(“showCount2”);
divData.innerHTML="Tissue Pieces: (“+cnt2 +”)”;//this part has been edited

boolean = false;

}

var totaltumor = 0;

var totaltissue = 0;

//Button Funtions

var pointsarray = [];

function addpoint(event) {

var rect = myCanvas.getBoundingClientRect();
var docx = (event.clientX - rect.left);

var docy = (event.clientY - rect.top);

var canvas = document.getElementByld(“myCanvas”);
var context = canvas.getContext(‘2d’);
context.beginPath();

context.arc(docx, docy, 5, 0, 2*Math.Pl);
context.stroke();

context.fillStyle = “#89F401”;

context.fill();

var point = {x: docx, y: docy};

pointsarray.push(point);

if(pointsarray.length > 1)

{
let a = pointsarray.length;
context.beginPath();
context.moveTo(pointsarray[a-2].x, pointsarray[a-2].y);
context.lineTo(pointsarray[a-1].x, pointsarray[a-1].y);

context.stroke();

myCanvas.addEventListener(‘click’, addpoint);
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