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POINT OF VIEW

Chronic renal failure is one of the most challenging complications after the completed surgical treatment for renal cell cancer. In 2016,
a grading system of tumorous renal involvement was developed, referred to as NCIU nephrometry. However, the systematic parameter
to reflect the functional status of the functional renal parenchyma is defined by tumor volume only, with no regard for spatial disposi-
tion of the segment(s) where the tumor is located. Our research team decided to improve the NCIU nephrometry system by develop-
ing and testing a modified formula for calculation of creatinine clearance, which makes allowance for spatial disposition of tumor
within the kidney. We performed numerical computations and analysis of changes in functional status of renal parenchyma depending
on coordinate-based spatial location of the tumor in order to augment the existing NCIU nephrometry scale; Matlab, a specialized
software package was used as a principal instrument to calculate the number of nephrons and functional renal parenchyma depend-
ing on the coordinate-based position of the mass center of the tumor and tumor volume. This model was shown to create a feasible
opportunity to increase the percentage of organ-sparing procedures for renal cell cancer and to reduce the incidence/progression

of chronic renal failure in these patients.
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Renal cell cancer (RCC) is one of the most frequent
solid neoplasms in renal parenchyma, accounting for
up to 90% of all renal malignancies [1, 2]. The principal
instrument-based diagnostic modalities used to de-
tect and characterize renal tumors include ultrasound,
computer tomography and magnetic resonance imag-
ing [3-5]. Patients with signs of decreased renal function
are recommended to undergo radioisotope renography
and a full range of renal function assessments for better
planning of the subsequent treatment [6, 7]. To date,
organ-sparing treatment of malignant lesions remains
the fundamental concept of clinical oncology [8—10].
Chronic renal failure (CRF) is one of the most challeng-
ing complications after the completed surgical treatment
for RCC, reported in 1-12% of cases [11-14]. Some
authors believe that better preservation of renal function
in organ-sparing treatment actually improves overall sur-
vival rates, as opposed to radical surgical interventions.
For instance, ischemia time is greater in laparoscopic
resection of the kidney than in open kidney resection [5].
Postoperative kidney functionlong-term largely depends
on the duration of intraoperative renal ischemia [6-8].

The incidence of nephrological complications result-
ing from treatment and/or cancer progression ranges
from 5-20% to 40-60% and sometimes achieves
80% [9]. An empirically established non-linear rela-
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tionship between reduced glomerular filtration and
increased serum creatinine levels allowed simplifying
the standard renal function assessments in oncology
practice just to monitoring of serum creatinine levels.
The routine nephro-urological control in management
of cancer patients is based on the established clini-
cal, biological and imaging assessments of urogenital
system. However, it does not allow obtaining a timely
picture of reduction in functional reserves of the kidneys
and prognostication of renal failure in patients with kid-
ney cancer. The emergence of radionuclide methods
in urology has greatly improved the options for func-
tional assessment of renal parenchyma and contributed
to the emergence of new informative modalities for
prognostication of developmentand progression of re-
nal failure. The sensitivity and specificity of radionuclide
tests has vastly improved with the advent of modern
radiopharmaceuticals, gamma-ray chambers and com-
bination (superimposition) of radionuclide imaging with/
on computed tomography images. Such assessments
currently include tissue-specific radiopharmaceuticals,
which allow for a targeted assessment of renal structure
and function [12, 14]. Computer-based data process-
ing allows selecting testarea and using various formats
for data representation, i.e. plots (renographic curves),
tabulated data or scintigraphic images [12].

In 2016, a grading system of tumorous renal
involvement was developed referred to as NCIU
nephrometry. This system allowed for a more precise
definition expanding the indications for kidney resec-
tions [1]. However, the systematic parameter to reflect
the functional status of the kidney, the functional renal
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parenchyma (FRP), is defined by tumor volume only,
with no regard for spatial disposition of the segment(s)
where the tumor is located [2]. The existing NCIU
nephrometry scale can be improved by the use of nu-
merical computations and analysis of how changes
of the above parameter affects the functional status
of renal parenchyma depending on coordinate-based
location of the tumor. This, in turn, will allow for a bet-
ter selection of patients with RCC as candidates for
a particular surgical procedure [1, 2].

Glomerular filtration rate (GFR) is a time-dependent
renal variable; therefore, it is a more sensitive param-
eter of kidney disease than static parameters (i.e.
those obtained over a given time interval), such as the
levels of urea, creatinine, ammonia, etc. [13]. This
is why a matter of current interest in modern medicine
is to develop new and to improve the various existing
methods of RCC management and to pinpoint the
indications for their use; this includes expanding the
indications to organ-sparing surgical procedures and
kidney resection in RCC with due consideration for the
functional status of the kidney. We attempted to per-
form numerical computation and analysis of changes
in functional status of renal parenchyma depending
on coordinate-based spatial location of the tumor in or-
der to augment the existing NCIU nephrometry scale.

The computation was performed based on the data
of 10 patients with RCC of stages T, to T treated at the
Department of Urology, Faculty for Post-Graduate
Education, Danylo Halytsky National Medical University
of Lviv (Lviv, Ukraine) and at the Clinic of Plastic and
Reconstructive Oncourology of National Cancer Insti-
tute (Kyiv, Ukraine). The nephrometry using the NCIU
scale was performed with additional adjustments made
for the functional status of the kidney and the spatial
position of the tumor. All patients gave their consent

Table 1. Basic datasets for GFR calculations

Index
Age (years) 56-75
Gender (M) 6
Gender (F) 4
Weight (kg) 56-96
Creatinine(mmol/1) 0.081-0.117
Longitudinal size {tumor) (mm) 24-96
Transverse size (tumor) (mm) 24-84
Type of growth (exophytic) 2
Type of growth (endophytic) 8
Tumor volume (mm?) 7.5-57.8
Kidney volume (mm?) 1773701
/ Input data (no tumor) / Folse
Kidney vol. Vi
Kidney nephrons N,
True !
v
Nephrons num / Input dota (fumor) /
Tumarvol. V,
No=N 47/ Kidney neph:'ons N

Fig. 1. Schematic diagram for kidney tumor identification

for impersonalized use of their examination data for
scientific purposes. The functional status of the kid-
neys was assessed using the Cockcroft-Gault formula.
Table 1 presents the key parameters of medical data.

The existing formula for calculation of GFR (Cock-
croft-Gault formula) with k= 1.23 for males and 1.05 for
females does not accommodate the impact of the
number of nephrons (N), FRP and a coordinate-based
relationship with the mass center of the renal tumor, that
is, which respective portions of the tumor are located
in the renal segments U, N, C and |. The coordinates
of the mass center of the tumor define not only in which
specific segments (U, N, CandI) the tumor is located, but
also the spatial position of the tumor and the percentage
of tumor bulk in each of the segments.

In order to accommodate the above parameters,
we will need to calculate the number of nephrons and
renal functional parenchyma FRP (Xg, Yo, Zo; V,, V) de-
pending on the coordinate-based position of the mass
center of the tumor O, (X, Yo, Z5) and tumor volume V..
To this end, we will modify the known and existing GFR
equation with the methods of mathematical modeling,
using Matlab, a specialized software package.

Fig. 1 presents a developed structural and func-
tional algorithm to identify the probability of reduced
nephrons in the kidney per unit volume, dV.

Let us assume a kidney of a volume V, without a tu-
mor. This kidney contains N, nephrons. As a tumor with
avolume of V;is developing in a kidney, the initial nephron
count (N, will reduce to N. Then N is the number of neph-
rons present in the kidney in a tumor with a volume of V;,
and dN is the reduction in the number of nephrons in the
kidney as tumor volume increases from V;to V, + dV,
where A (X, y, z) stands for a constant of nephron reduc-
tionwhen tumor volume increases by dV. The coordinates
of the mass center of the tumor O; (Xg, Vs, Z) Within the
kidney are obtained relative to the renal mass center, which
is determined by the O(0, 0, 0) point. As reported in [2],
the kidney is conventionally divided into the following three
segments: interpolar (middle) segmentand two polar seg-
ments (upper and inferior) by the lines drawn transversely
tothe vertical axis of the kidney along the edges of the me-
dial lip, where renal parenchyma continues into the kidney
fat of sinuses, blood vessels or the renal cavitary system.
Then let us draw an imaginary perpendicular line, which
is consistent with the vertical axis of the kidney and passes

Nephrons num

Out

N=N,

Probability

True N

P=7N

True
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1 dN Out
1{X}{Z)=—Wd.—v >
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Fig. 2. Division of the kidney into the segments: N =Nearness
(the segment adjacent to the vascular pedicle of the kidney or
medial segment), C = Collateral (also known as lateral segment),
| =Inferior segment and U =Upper segment, where: a — adrenal
gland, b — kidney, c — upper interpolar line, d — lower interpolar
line, e — axial line of the kidney

between the upper interpolar line and the lower interpolar
line. Inthis manner, the middle segmentis divided into two
more segments, thatis, N (for "nearness” — the segment
adjacenttothe vascular pedicle of the kidney, also referred
1o as medial segment) and C (for collateral, also referred
1o as lateral segment) (Fig. 2).

The degree of localization in the segments is sug-
gested to be determined by the coordinates of the mass
center of the tumor, O; (X, Vo, Z). The k coefficient
is within the range of 0 < k < 1. The value of k within this
interval is determined by half the length of the (g) line
in Fig. 3.

The derivative parameters, such asA« (0), A, (0) and
A. (0) can be determined in an experiment using spiral
computed tomography or a technique of nephrometry.
After the computations are complete, the problem
is reduced to an analytical representation of the kidney
and the tumor in the shape of ellipsoids, with definition
of their relative volumes, V, and V,, respectively, accord-
ing to [15] and definition for the cases of tumor growth
by introducing an additional parameter, V,.

The resulting parameter of FRP (X, Vo, Zo, Vi, V)
that describes renal functional parenchyma is deter-
mined by tumor volume (V;), the coordinate-based
position of the tumor Oy (X, Vo, Zo) (Fig. 3) (thatis, the
segment where the tumor is located) and the semi-
axes of the tumor ellipsoid (a,, b,, c,). If the tumor
is absent (V= 0), then the parameter that describes
renal functional parenchyma is RFP (xo, Vo, Zo, 0, Vi) =
1, and when the tumor is occupying the volume equal
1o the total volume of the kidney (thatis, V,= W), then
itis RFP = 0 or the kidney is non-functional. In a utility
model (patent No. 86311) [1, 2], the RFP parameter
is defined by tumor volume only and does not take
into account the coordinate-based relationship with
the renal segment where the tumor is located.

Fig. 3. The model of tumor involvement of the kidney in (a) exo-
phytic and (b) endophytic growth of the tumor, where a, b, c are
the semiaxes of a model ellipsoid of the kidney and a,, b,, c. are
the semiaxes of a model ellipsoid of the tumor.

Since GFR is directly proportional to the number
of nephrons or to FRP, the GFR equation (i. e. the
Cockcroft-Gault formula) will acquire the following
multiplicand: FRP(x,, Yo Zs, V., V). Depending on the
type of tumor growth (endophytic or exophytic), we will
have the following formulas for GFR calculation using
aconventional (GFR.,,) formula without coefficient p that
determines the volume and modified (GFR,,.4) formula
with coefficient p that determines the volume of the tumor
and type of tumor growth (endophytic — FRP.,; or exo-
phytic — FRP,,.), which accommodate the relationship
with the number of nephrons (N), the relationship with
RFP and the coordinate-based relationship of the mass
center of kidney tumor, thatis, the fractions of the tumor
in respective renal segments (U, N, Cand ).

GFR .., (ml/m) = k x ((140-age (years)) x
body weight (kg)/blood creatinine (mmol/l) x
lC"g(FF“:’erld, FRpekz}) 2 ((1 - VD/Vn) /e)(p {'1 /Vnzx VD
(|%obpCo |+ | Yo@0Col +|Zo0bg | ))) (1)

GFR .¢ (ml/m) = k x ((140-age (years)) x body
weight (kg)/blood creatinine (mmol/l) x log(FRP..4,
FRP..)) x (1 — (1-p) V. / Vo) /exp (-1 / V2 (1-p) x V,
(I%obeCe|+]YoasCo| +|Zoashs | ))) 2

where p is the coefficient that determines the vol-
ume of the tumor.

Analysis of formulas (1) and (2) demonstrates
that in a given identical tumor volume (V) the GFR
will be higher when the tumor is located in segment
Uorinsegmentl as opposed to tumors located in either
segment N or segment C. This fact shows that GFR value
may change depending on where the mass center of the
tumoris located O; (X, Vo, Z5) Withina given segment [15].

In order to obtain results based on the model pre-
sented, we developed a simplified model using the
above-mentioned software. In order to solve integral
dependences, including the numeric Taylor series,
we have used identification of geometric positions
of the tumor in a three-dimensional coordinate sys-

Table 2. The outcomes of calculations and comparative assessments of GFR using a conventional (GFR.,,) and modified (GFR,,.s) formula for GFR calcu-

lation

Weight K, B, C, V, V. GFR_, GFR,.4
" Age  Gender  kg)  (nmoi)  (mm)  (mm)  (om)  (mmd)  (mmd  (mym)  (mim)
1 1 1.23 96 0.089 24 24 7.5 3701 91.54 50.55
2 66 1.23 74 0.087 90 84 83 32.8 2211 7.4 17.03
3 75 1.23 56 0.186 48 46 50 57.8 191.7 57.07 16.65
4 63 1.05 T2 0.092 25 32 30 171 177.4 63.27 22.77
5 58 1.05 57 0.094 48 50 65 9.5 290.3 B82.21 49.76
6 57 1.05 95 0.087 14 12 14 1.2 161.7 95.16 177.53
7 60 1.05 T 0.081 30 24 22 8.3 267.1 73.62 37.39
8 4 1.23 84 0117 27 26 25 9 178.1 87.42 40.95
9 60 1.23 87 0.098 40 20 32 30.1 203.8 87.35 27.35
10 56 1.23 94 0.117 96 68 67 34.2 263.9 83.01 14,33
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tem as well as parallelization tools. As a result of our
computations, we have obtained absolute and relative
parameters of tumor location, which directly impact the
outcomes of calculations using the modified formula
(1). The calculation findings are presented in Table 2.

The above results suggest that using a model for
calculation of creatinine clearance, which makes al-
lowance for spatial location of tumor within the kidney,
allows for a more precise stratification of RCC patients
to a specific treatment modality. Pursuant to the analy-
sis of the results obtained with the model for calcula-
tion of creatinine clearance with consideration for the
spatial location of tumor within the kidney, the user may
predict the impact of surgical treatment on postopera-
tive renal function and recommend the best available
treatment method on a case-by-case basis, as sup-
ported by the mathematical calculations performed
and tested in actual patients taking part in our study.

In our opinion, the use of our modified formula for
calculation of creatinine clearance, which makes allow-
ance for spatial disposition of tumor within the kidney,
would be useful for a more precise stratification of RCC
patients to a specific treatment modality.
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XpOHi4YHa HWPKOBa HEeOOCTATHICTE € OOHMM 3 YCKIaOHeHb Xi-
PYPri4HOro NiKyBaHHE HUPKOBO-KNITMHHOMO paky, ake notpebye
HaibGinswoi yearn. B 2016 p. Oyno po3pobneHo HedpoMeTpuy-
Hy cucTemy NCIU ang ouiHioBaHHS MyXNIMHHOMO YPaKeHHS HUp-
k1. OHaK 33 Lie CUCTEMOI0 CUCTEMATUYHWIA NapamMeTp, SKuia
pinazepkane GyHKUIOHANBHWIA CTaTyCc HUMPKOBOI NapeHximu
BM3Ha4aeTLCA NULLE 3a 006'eMOM MyXMHK Des ypaxyBaHHga Npo-
CTOPOBOrO MONOXEHHA CEMMEHTIB, A& NOKani3yeTLCa MyxXIMHa.
Haw gocnigHuusKuit KONekTMBE crnpobyeae YOOCKOHANWTH He-
dpomeTpuyHy cuctemy NCIU. 3 uiew MeTor My po3pobunmn
Buao3amiHeny dopmyny ong ofpaxyBaHHg KNipeHCy KpeaTuHIHY,
AKa BpaxoBye MPOCTOPOBE MONOXEHHA MYXIWHA B HUPpLU. Bynu
npoeefeHi 0B4MCNEHHA Ta aHania amid dyHKUIOHansLHoro cra-
TyCY HUPKOBOI NapeHxiMu B 3aneXHOCTI Big NPOCTOPOBOro no-
JIOXKEHHA MYXMHW B CUCTEMi KOOPAMHAT 3 METOK MOCWUMEHHSA
icHyro4ol cuctemu NCIU. [1ng po3paxyHKy KinekkocTi HedpoHie
Ta (yHKUIOHANEHOT HUPKOBOI NMapeHxiM1 B 3anexHocTi Big no-
TOXEHHS LIEHTPY Macy NYX/IMHW B CUCTEMI KOOpAKMHAT Ta 0b'emMy
MyXNUHW BUKOPWCTOBYBAaNM CreLianizoBaHe nporpamMHe 2abes-
ne4eHHa Matlab. 3aeaogkmn 3acTocyBaHHIO LIET MOAeni MoxHa
crnofjgatMck Ha 30iNblUeHHS BIOCOTKY oOpraHo3bepiran4mx
BTPY4aHb Y XBOPWX HAa HUPKOBO-KITMHHMWIA pak Ta 3MeHLUeHHa
yCKNaAHeHb Takux onepawiit y BUrnail XpoHi4Hoi HUpKoOBOI He-
A0CTATHOCTI.

Knwo4oBi cnoBa: XpoOHi4HA HUPKOBa HeOoCTaTHICTL, Hedpo-
MeTpig, opraHostepiratdi onepadil.



