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Breast cancer is most common tumour diagnosis for women worldwide. Over the last almost 40 years
widespread adoption of mammographic screening has established Breast Conserving Surgery (BCS) followed
by irradiation as the most practised treatment of choice. However, in absence of tools to determine the optimal
quantum of tissue to be excised the debate continues for achieving a balance between the effectiveness of
surgical intervention and the later stage personalisation of treatment, and so, a wide variation in practice is a
common phenomenon globally. We attempt to introduce a definite measure that determines efficacy of BCS
while protecting aesthetic value of life for Women affected with breast cancer.

74 mammography examinations and the surgical interventions of those women underwent for the
management of breast cancer were used to compute the coefficient of lesion. In first step the lesion and the
mammary gland proper are measured applying geometry. In the second step volume of tissue mass to be
removed was calculated taking into account the measures from the 1st step and we present the coefficient of
lesion mathematically. We empirically illustrated our methodological approach for determining the tissue mass
to be excised.

Conventionally, it is assumed that if the volume of tissues to be removed does not exceed 25% of the
volume of the mammary gland, a Breast Conserving Surgery, is performed, however, our empirical illustration
demonstrated that the established decision making parameter is not tenable for determining the extent / type
of surgery undertaken. We have developed a coefficient aligned with the stage of the carcinoma and founded
the base for developing a statistical (mathematical) model. Application of such a model accommodating tumour
biology and patient characteristics shall not only provide intraoperative real time information to surgeons but
also predict the prognosis of optimal surgical intervention of breast cancer.

The next step is to develop a model using the data of the mammographic examination and the coefficient
of breast lesion as covariates for determining the potentially effective volumes of surgical intervention needed,
and plan reconstructive measures considering the effect of time on such intervention.

Key words: coefficient of lesion for mammary gland, optimum surgical intervention, breast cancer, Breast
Conserving Surgery, mastectomy, two-dimensional mammography.

Background

Globally, breast cancer is the most frequently
diagnosed cancer in women. Incidence rates vary
greatly worldwide from 19.3 per 100,000 women in
Eastern Africa to 89.7 per 100,000 women in Western
Europe (WHO, 2017). There are about half a million
deaths per year from breast cancer worldwide making
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it the most common cause of female cancer death in
both the developed and developing world [1].

While substantial advances have been made
in breast cancer research and treatment in the last
decade, there remain significant gaps in translating
this newly acquired knowledge into the survivorship
experience. Surgery remains the primary choice of
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treatment for most women, with breast conservation
(plus whole breast radiotherapy) providing similar
outcomes to mastectomy [2]. Clinical decision-
making tools to support individualised treatment
can influence treatment choices and experiences [3].
A significant number of patients are overtreated to
achieve the improved overall survival in early breast
cancer, since individual risk of disease recurrence and
sensitivity to intervention remains elusive. A review
study has found that excising a wider margin of tissue
around an invasive malignant tumour does not result
lower rates of local recurrence [4]. Morrow et al.
have echoed similar views that available evidences do
not support that wider cancer-free surgical margins
reduce the risk of local recurrence after lumpectomy
for invasive breast cancer [5].

Despite strong evidence supporting the use of
Breast Conserving Surgery (BCS), the majority of
women are continued to be treated with mastectomy
[6]. With the widespread adoption of sentinel node
biopsy (SNB) limiting surgery to the axilla has
substantially reduced arm morbidity [7]. Swanson
and Rynearson established that removal of additional
tissue worsens the cosmetic result while finding of the
positive margin is not necessarily a precise indicator
of the quantum of disease left in the breast [8].

Adequacy of the excision margin is well
acknowledged guide for the success of BCS [8]. The
threshold that surgeon accepts as an adequate for
surgical margin varies widely [9-11]. Diagnostic
pathology does not find any consensus on this long
standing and extensive debate and that results a
considerable variations in clinical practice [12]. A
detailed understanding of tumour is required to support
decisions around surgical management and to define
optimal treatment strategies for an individual patient.

Personalisation of treatment avoids radiation-
induced toxicity in later stage [13]. Using a sample
of 16,643 patients of stage 1 and stage II breast
tumour treated, Morrow et al. (2001) demonstrated
that the predictors of BCS often do not correspond
to those suggested in case management protocol and
guidelines [6]. Abandoning practice of conventional
surgical margins or some other arbitrary width has
the potential to dramatically decrease healthcare
costs but also simultaneously to improve the cosmetic
outcome of BCS [14].

The need for an objective and patient specific
decision-making information is well documented
[15; 16]. This paper presents a “theragnostic” tool
[17], an approach, never explored earlier, that enables
surgeons to determine an optimal extent of breast
tissue excision.

Data and methods

Data for this study comes from retrospective
review of 74 mammography reports. Mammographic
screening has been shown to be effective in reducing
the mortality from breast cancer [18—23]. Following

the guidelines of American Joint Committee on
Cancer, the stages of breast tumour classified were 6
in the sample that we used.

A two-dimensional mammography was performed
on 74 women of different age groups and having
different stages of breast cancer. The mammography
captured breast tissue images on different planes
(cross-sectional — Cranial and Caudal, and Sagittal).
We assessed:

1. Tumour localization by quadrants (upper-
outer, upper-inner, lower-outer, lower-inner, at the
proximity of two quadrants and tumour in dispersed
location all over the mammary gland).

2. Tumourshape (round, irregular, polymorphic).

3. Consistency of tumour (tubercular, hard,
small-jagged, polycyclic).

4. Tumour contours (sharp, blunt).

5. Composition of tumour (homogeneous,
heterogeneous).

6. Infiltrative growth presentation (local,
slightly expressed, moderately expressed, severely
expressed, absent).

7. Presence of edema.

8. Presence of nipple retraction.

9. Presence of “path” to the nipple.

10. Presence of tumour invasion to the large
mammary (pectoralis major) muscle.

11. Mammographic density of the mammary
gland (breast): nodular fibro adenomatosed, diffuse
fibro adenomatosed, absent.

12. Coefficient of mammary gland (breast)
lesion — size of tumour relative to mammary gland
(breast) volume.

Above  characteristics  (attributes)  were
considered as the deciding factors for determining the
size of affected mammary gland (breast) parenchyma
to be removed during surgical intervention.

We calculated the coefficient of lesion from the
data of mammographic examination as detailed here.
For tumour:

Calculation of tissues mass to be removed: during
mammography examination two imaginary lines
were drawn — one connecting nipple-areolar region
to pectoralis major muscle along the lateral and
medial “visible” edge of the tumour (cranio-caudal
projection — CC) and other, between upper and lower
edge of the tumour (sagittal projection — S).

For mammary gland:

Calculation of volume followed three-dimensional
measurements — CC, S and H where H is the “height”
of mammary gland (breast tissue proper).

1st step: the volume of the mammary gland was
computed using the ellipsoid formula divided by two
yielding the volume of semi-ellipsoid:

y 4 (ces
213 2 2

(Eq. 1)
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2nd step: the volume of tissue mass to be removed
was calculated from ellipsoid by two approaches:
a) using greater semi-axis: max {CC, S}. If

CC>S, then
Vium = %ﬂ [(C;jz -S] ; (Eq.2)
if CC<S, then
Vi = gﬂ {(i)z -cc]; (Eq.3)

b) using smaller semi-axis: min {CC, S}. Both
formulas (Eq. 2) and (Eq. 3) were used in our
calculations.

The use of these two approaches is for reasons: if
coefficient of the lesion computed using greater semi-
axis (a) is bigger than 100%, and then it has to be
re-derived using smaller semi-axis (b). In case both

coefficients calculated according to approaches a) and
b) give more than 100% of affliction with lesion, the
coefficient of the lesion has to be set to cut-off value
equal to 100%.

The coefficient of lesion for mammary gland is
calculated as:

= V1009
Vm.g
Empirical illustration
In order to assess the adequacy of the proposed
approach the variance of coefficient of lesion was
checked across different stages (Table 1). We found
that the coefficient of lesionincreased with theincrease
in the severity of the disease (stage) (p-value = 0.06)
(Table 1, Figure 1, based on data from retrospective
review of 74 mammography reports).

(Eq. 4)

lesion

Table 1
Coefficient of lesion variance across stages of the disease
Stage of tumour Number C‘igﬁ?g:lel},/i of Minimum value Maximum value
1 15 1.71 (4.93) 0.00 11.53
2A 28 8.48 (3.60) 1.28 15.67
2B 20 12.23 (4.27) 3.72 20.74
3A 8 19.61 (6.74) 6.16 33.07
3B, 3C 3 33.04 (11.01) 11.07 55.01
Total 74 10.32 (2.30) 17.05 23.63

otes:
« figures in parentheses indicate standard error;
« all values are significant at p < 0.01;

¢ minimum and maximum values are at confidence interval of 95%.
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Figure 1. Average value of coefficient of lesion over stages of disease according to linear model

Table 2 presents the stage of the disease and
the type of surgery. Test of independence was
significant at p-value equal to 0.03. Therefore,
with advancement of tumour stage, the chance for
mastectomy increases as well. At the Stage 1 of the
tumour, accounted for only 20% mastectomy of all

types of surgeries, the share of Stage 2A was 57%,
and Stages 2B and 2C, equal to 75%. The lower
percentage (more than half) of mastectomy in Stage
3 (groups four and five) compared to the Stage 2
can be explained by relatively substantial a smaller
number of observations in Stage 3.

44
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Table 2

Dependency between type of surgery and the stage of the tumour

Stage of tumour Quadrant BCS Mastectomy Total
1 12 3 15
2A 13 15 28
2B 5 15 20
3A 4 8
3B, 3C 1 2 3
Total 34 40 74

Conventionally, it is assumed that if the volume
of tissues to be removed does not exceed 25% of the
volume of the mammary gland, a BCS is performed,
and if necessary, the correction of the form or size
of the contralateral mammary gland breast is done
to achieve symmetry. Alternately, if volume of the
mammary gland tissue to be removed exceeds 25%,
then a mastectomy is performed with a one-stage
breast reconstruction by autologous or allograft
materials upon patient's choice.

In our data, the decision border of 25% was not
justified (p-value = 0.1226). The results of the test
showed that the differences between groups in the
coefficient of lesion are random (Table 3) translating
the fact that the established decision-making
parameter is not tenable for determining the extent /
type of surgical intervention.

Further, we also examined possible effect of
the tumour attributes on the decision of surgical
intervention. Table 4 presents our findings on this
dimension.

Table 3
Dependency between the type of surgery and the degree of lesion
Coefficient of lesion Quadrant BCS Mastectomy Total
<25% 32 35 67
>25% 1 6 7
Total 33 41 74
Table 4

Results of testing the significance of the effects that determine the extent of surgical intervention

) Test results (p-value)
Tumour attributes - - -
Pearson Chi-square Fisher exact, two-tailed
1. Stage of disease* 12.55 (0.01) X
2. Tumour localization 8.04 (0.53) X
3. Tumour form 1.81 (0.40) X
4. Tumour contours 6.332 (0.28) X
5. Tumour contours sharpness 3.491 (0.32) X
6. Structure of tumour 0.04 (0.83) (0.99)
7. Infiltrative growth expressiveness 9.908 (0.07) X
8. Edema presence 2.45 (0.11) (0.20)
9. Presence of nipple retraction * 8.210 (0.004) (0.01)
10. Presence of “path” to the nipple* 10.55 (0.001) (0.022)
e s svmatons of tmourmasion |y 104 @) 099
é%énl\(/ilammographlc density of the mammary 0.235 (0.89) <
* p-value < 0.05.
Theref 1 . 32-16
erefore, only two attributes are (except for OR=""2"""-107.
the stage, Table 2), having the significant effect to 24.2

determine the type of surgical intervention that was
not at random:
a) nipple retraction (p-value = 0.004), Table 5.
The ODDS Ratio (OR) was being computes as
follows:

It means the BCS was indicated with 10.7 times
more often than mastectomy in the absence of nipple

retraction.

b) “path” to the nipple (p-value = 0.001), Table 6.
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Table 5
Dependence between type of surgery and absence of nipple retraction
Retraction of nipple Quadrant BCS Mastectomy Total
0* 32 24 56
1* 2 16 18
Total 34 40 74
* (0 = absent; 1 = present.
Table 6
Dependence between type of surgery and presence/absence of “path” to the nipple
“Path” to the nipple Quadrant BCS Mastectomy Total
0* 23 13 36
1* 11 27 38
Total 34 40 74

* () = absent; 1 = present.

Reciprocally, the presence of the “path”
determined the need for mastectomy 4.3 times more
often compared to another variant, ceteris paribas.

Discussion

The ongoing debate on the optimal treatment
strategies and individual risk of recurrence of breast
cancer demands an objective decision-making
criterion. We have attempted to develop an approach
that defines an optimal extent of surgical intervention
with an effective cut-off for the surgical margin in
BCS. We have used data from 74 mammography
examinations and the surgical interventions of those
women underwent for the management of breast
cancer. We have developed a coefficient aligned with
the stage of the carcinoma. Thus, our index can act
as a tool to determine the extent of surgical excision
and simultaneous choice of options for reconstructive
surgery in the management of breast cancer. The
confirmation of the tissue mass to be removed was
subjected to the validation by the approach of worst-
case scenario. Given Cranio-Caudal and Sagittal
measurements, the tissue mass to be removed was
maximized with Eq. 2 and Eq. 3 which in turn
effectively penalized the model. Alternately, we
have overcome the variability and instability in
subset selection with a computationally efficient
fashion establishing robustness in our approach. Our
empirical illustration could not establish the rationale
of conventional decision-making process where breast
conserving surgery is performed when the volume of
tissues removed from the breast does not exceed 25%
of the gland tissue proper, and a mastectomy, when

the volume of tissues removed from the breast exceeds
25% of the gland tissue proper.

Our findings and the techniques developed thus
sets the foundation for developing a statistical model
to realise the goal of an optimal balance between
good cosmetic results and defining the optimal tissue
excision. Such amodel shall predict the intraoperative
margin assessment and thus the prognosis of optimal
surgical intervention of breast cancer. We shall
integrate in our model biological knowledge of
tumour and patient characteristics to accommodate
risk factors. Application of statistical model in breast
cancer management shall not only make surgical
intervention more efficient and effective but also
would ensure survival with enhanced quality of life
and substantially reduced risk of recurrence for
women with breast cancer.

To conclude, our approach shall bring the
consensus on the contentious issue of margin status
in BCS by defining the cut-off for the margin width.
The next step is to develop a model using the data of
the mammographic examination and the coefficient
of breast lesion as covariates for determining the
potentially effective volumes of surgical intervention
needed, and plan reconstructive measures considering
the effect of time on such intervention. Such an
objective approach would not only improve the
efficiency of breast cancer treatment, but also would
ensure supposedly a better quality of life for patients
after treatment. Arguably, such a model would
contribute for reduction of the risk of recurrence and
increase survival of women with breast cancer.
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CrtatnctnyHe MmoaenioBaHHA A4S NPOrHo3yBaHHSA 00cary onepauiiHoro
BTPYYaHHS NMpu paky rpyaHoi 3a503u

ITixiz, posryistHy Ui y po6OTi, OPIEHTOBAHMIT HACAMIIEPE]T HA T€, 0O MATH MOKJIMBICTD HA €Talll [IarHOCTHKH
BU3HAYUTHUCS 3 0OCSTaMHU OTMEPaTUBHOTO BTpyUaHHs. 1le 0coBIMBO BaKIIMBO, KON PO3TIISIIAETHCS 3aXBOPIOBAHHST
JKIHOK Ha pak PYAHOI 321031, OCKLILKI MOBA Hjie He TLIbKK PO YCIIIIHICTb 60pOThOU 3 3aXBOPIOBAHHSIM 1 100~
JIAHHSIM 1IbOTO HEAYTY, a i [P0 30ePesKeHHs IKOCTI sKITTs 5KIHKH IHCJIS JKYBaHHsL. Y [bOMY KOHTEKCTHU YCIHIIHICTh
JIKYBaHHSI CJIiJl PO3IJISAATH 3 IBOX OOKIB. 3 OJJHOIO — Iie OHKOJIOTIYHA e)eKTUBHICTh CAMOTO JIIKyBaHHS, 3 IHIIIOrO
— SAKICTB XKUTTS, KA 3a6e31eUye 11e JKyBaHHs B MOAAbIIOMY. [[POBE/IEHHS OHKOIUIACTIYHOT 60 PEKOHCTPYKTHB-
HOI onepaliii rpyHoi 3a/103u 3a6e311euye HAJIeKHY SIKICTh JKUTTS Hal[ieHTa. A pi3Hi 00CAIM OllepaTUBHOIO BTPyYaH-
HsI Tiepe16ayaioTh i Pi3Hy MiArOTOBKY 10 OHKOIUIACTHKU Ta PEKOHCTPYKIIT 3aJIe’KHO BiJl TOTO, sika 6y/ie BUKOHAHA
oriepallist: MaCTEKTOMisI Y1 OpraHos0epiraroya oreparis.

VY nmociimxkenHi 3a ganuMu Mamorpadil 74 naifeHTis i oneparriii, ki iM OyJii IIpoBeeHi, 3ilicHeHO CIIpody
BUBHAYMTHUCS 3 TUM, sKi 3 MaMorpa(iyHiX 03HAK € BU3HAYaJbHUMK. KpiM Toro, po3pob/ieHnii creriajibHii Koe-
(itlienT, SKUli € KIITbKICHOIO XapaKTEPUCTUKOIO 1 Y3TOIPKEHMI 31 CTA/II€10 3aXBOPIOBAHHSI, a OT3KE, BIH € CBOTO PO/LY
THMKATOPOM, 110 JIOTIOMOJKE Ha ETalT IArHOCTUKY BUSHAYUTHUCS 3 00CSITaMHU OTIEPaIliifHOTO BTPYYaHHST, a BiIOBI/I-
HO, i 3 BapiaHTaMK PeKOHCTPYKIi. TpaauLiiiHO BBAsKAETHCs, IO SKIIO 0OCAT TKAHUH, SIKI AIAraloTh BUAAIEHHIO,
He TepeBUIIye 25% Bijl 06CSTY TPYAIHOI 3aJ103H, TO TPOBOAUTHCS XiPYPrist 31 30epeKEHHSIM 3aJI03H, | HABITAKH, SIKIIO
nepesuIiye 25%, ToJ CIIi BUKOHYBaTH MacTeKToMito. [IpoTe Halmimu pesyJisrataMmu GyJio I0BEIEHO, IO 1ei KpH-
Tepill He € HAIIWHUM JIJIst BUSHAYEHHS THITY orepariil. OT:Ke, BCTAHOBJIEHHS] TOYHOTO Bi/[COTKA ITPH TUIAHYBAHHI 00-
CATIB OIIEPATUBHOIO BTPYYaHHS HE € BUITPABIAHUM.

Pospobuiennii koedillieHT abCOJIIOTHO Y3TOMKEeHHUH 31 cTazieio 3axBopioBaHHs. Kpim Toro, crBopeHo 6asy st
PO3POBIIEHHS CTATUCTIYHOI MOZEJI, IO BPaxoBye 0i0JIOriI0 MyXJIMHHU 1 XapaKTePUCTUKHY IAli€HTa. 3aCTOCYBaHHS
TaKOi MOJIEJIi He TiJIbKU 3a0e3Medye XipypriB iH(GOPMAIIIE B PEabHOMY Yaci, a i YMOKJIUBIIFOE TIPOTHO3YBaHHS
06CSTIB ONITUMATBHOTO XipyPriyHOTO BTPYYaHHsI TP PaKy TPY/IHOI 3AJI03H.

HactymHIM KPOKOM TIepedauacThest PO3POOKA MOJIE, sIKa HAIACTh MOKJIMBICTh, BAKOPHCTOBYIOUM JIaHi Ma-
MorpadivHOro oOCTeKeHH s i 3HaueHHsI KoeilieHTa ypaskeHHsI TPYAHOL 3a1031 K KOBapiaTH, JOCTaTHbO edek-
THBHO BU3HAYATU MIOTEHIIIIHI 06CSITY ONIEPATUBHOTO BTPYUYAHHSI, 3aBYACHO TLJIAHYBATH OTHOMOMEHTHI PEKOHCTPYK-
TuBHI 3ax011. 1le 103BOUTH He TiJIbKU Ti[BUIIATH OHKOJIOTIYHY e(peKTUBHICTD JIIKyBaHHS XBOPUX HA PaK IPY/HOL
3aJ1031, a i 3a0e31eUnTh HAJIEKHY SIKICTh 1X JKUTTSI THCJIst IPOBEIEHHS JIKYBaHHS, 1110, CBOEIO YEPTrOI0, 3HU3UTH PH-
3WKJ BUHUKHEHHS PEIUIVBIB i MiZIBUIUTH BUKUBAHICTh JKIHOK, XBOPUX HA PaK TPY/IHOI 3aJI03H.

Kimouosi cioBa: xoedhiuicnm ypagicenms zpyonoi 3an03u, onmumaivhe Xipypeiune empydanis, pax zpyonoi
3a103U, Op2an036epizaioua ONepayis, MacmexmoMmis, 0608UMIDHA MAMOZPADIsL.
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