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The role of the diffusion-weighted MRI in the
differential diagnostics of the clear cell renal
cell carcinoma of different fuhrman grades

Danylo Halytsky Lviv National Medical University, Ukraine

Renal cell carcinoma (RCC) is the most common primary tumour of the kidney and is found in 3 % of all malignancies
and in 90 % of cases of the renal malignant neoplasms. In recent years, magnetic resonance imaging (MRI) is increasingly
attracting the attention of clinicians as a method of choice for the diagnosis and staging of the RCC, due to several advantages

over computed tomography.

Objective. The purpose of the study was to assess the information content of MRI using diffusion-weighted imaging (DWI)
modality in the diagnosis of clear cell RCC (ccRCC) and determining the degree of its differentiation.

Materials and methods. The study involved 62 adult patients with pathologically verified ccRCC and 15 healthy volunteers.
All patients underwent renal MRI which included DWI with subsequent apparent diffusion coefficient (ADC)

measurement.

Results and discussion. We observed significant difference in mean ADC value of the normal renal parenchyma and
ccRCC — 1.82 £ 0.16 - 103 mm?/s vs 2.15 £+ 0.12 - 10—3 mm?/s, respectively (p < 0.05). Additionally, statistically reliable
difference in ADC values in patients with high and low ccRCC grades was obtained.

Conclusions. Application of DWI modality of MR imaging with ADC calculation allows to obtain valuable information
that is vital for the diagnosis of ccRCC and differentiation of its degree of malignancy which can be used in order to enhance

the biopsy results as well as a separate diagnostic tool.

Key words: renal cell carcinoma, clear cell carcinoma, magnetic resonance imaging, diffusion-weighted imaging, apparent

diffusion coefficient.

ntroduction. Renal cell carcinoma(RCC) is the

most common primary tumor of the kidney and is
found in 3 % of all malignancies and in 90 % of cases
of the renal malignant neoplasms. Among various
histological subtypes clear cell RCC (¢ccRCC) is the
most common which appears in 70—80 % of patho-
logical conclusions [1]. The degree of malignancy of
ccRCC is determined on the background of various
histological classifications, Fuhrman grading system
being the most commonly used, which is based on 4
morphologic criteria of the nuclei (Table 1). Along
with significant progress in understanding the mecha-
nisms of RCC, an active survival option in selected
patients was suggested; the degree of malignancy being
a major criterion in the decision making process
regarding treatment options [2].

Recently, computed tomography (CT) is conside-
red to be the «golden standard» in diagnostic imaging
of RCC allowing to accurately perform staging of the
tumors, to determine the nature of its growth and
detect the presence of necrotic areas. Researchers had
achieved promising results in the differentiation of

Crarts Haziiiina no penakiii 23 ciuns 2015 p.

Muuuk FKOnian OneroBud, K. Mea. H., B. 0. JolieHTa Kadbeapu
paioJiorii i pagiauiiiHOi MeIMLIMHU, JiKap-ypoJor I kaTeropii
79010, m. JIsBiB, By1. [lekapceka, 69

E-mail: mytsyk.yulian@i.ua

Meouuyuna mpancnopmy Ykpainu

histological subtypes of RCC and tumors with various
degrees of nuclear atypia [3]. However, the use of CT is
always associated with radiation exposure and con-
sequently a significant increase in the risk of maligna-
ncy in patients with aplastic processes [4]. In recent
years, MRI is increasingly attracting the attention of
clinicians as a method of choice for the diagnosis and
staging of the RCC, due to several advantages over CT:
excellent image quality, high information content, the
absence of any radiation exposure to the patients and
staff, the ability to obtain three-dimensional images,
assessment of renal function using contrast, etc.
According to studies of the sensitivity and specificity of
MRI with contrast enhancement in the differential
diagnosis of RCC, it is quite comparable by these
parameters to CT [5].

The application of diffusion-weighted imaging
(DWI) representing the MRI modality which uses
strong bipolar gradients to enhance sensitivity to
thermally induced Brownian motion of hydrogen
molecules allows to measure molecular diffusion in
tissues in vivo. To date, DWI is mainly used for
differential diagnosis of tumors of the central nervous
system, but in recent years encouraging data has been
received on the use of this technique in the diagnosis
of diseases of other organs, including kidneys. The
apparent diffusion coefficient (ADC) is a quantitative
parameter calculated from DWI images which is used
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Table 1

Fuhrman nuclear grading system (Fuhrman S.A. et al., 1982)

Grade Nuclear size Nuclear shape Chromatin Nucleoli

| <10 ym Round Dense Inconspicuous

Il 15 um Round Finely granular Stm%I” rr;oatg\:miisfiil::laetion
11l 20 uym Round /oval Coarsely granular g:c;rgi.n;r;tg,r:/iifsiick;lgon
v > 20 um Pleomorphic, Open, hyperchromatic Macronucleoli

multilobated

as a measure of diffusion in healthy and affected
tissues [6].

Given the above, the assessment of the efficacy of
DWI modality of MRI and subsequent measurement of
ADC in order to determine the parameters of the
tumor and the degree of its differentiation in RCC is
vitally important issue.

The purpose of the study was to assess the in-
formation content of MRI using DWI modality in the
diagnosis of ccRCC and determining the degree of its
differentiation.

Materials and methods

Retrospective study was conducted among 67 adult
patients with ccRCC (35 men and 32 women) with
69 renal tumors aged 41—73 years old (mean age 58.6 +
+ 1.3 years). The control group consisted of 18healthy
volunteers with no renal disease according to clinical
and radiological examinations (10 men and 8 women)
aged from 23 to 46 years (mean age 25.3 * 1.6 years).
All patients with RCC and healthy volunteers were
performed an MRI, which included DWI, followed by
ADC measurement. Research was allowed by Ethics
Committee and conducted on the basis of clinics of the
Department of Urology and Department of Radiology
and Radiation Medicine of Lviv National Medical
University named after Danylo Halytsky and at the
medical center «Euroclinic» during 2013—2014.

The study involved patients exclusively with clear
cell histological subtype of RCC. Patients with renal
insufficiency, metal objects in the body, cystic renal
disease, low image quality, DWI with obvious artifacts
were excluded from the study. All patients with
ccRCC had undergone partial or radical nephrectomy
with subsequent pathological verification of
diagnosis. According to the grading system of nuclear
polymorphism in ccRCC according to Fuhrman
patients were randomized as follows: 1 grade —
15 patients, Il grade — 19 patients, III grade —
22 patients, IV grade — 11 patients. Anticancer
therapy in patients prior to the MRI and surgical
treatment was not performed.
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MR imaging was performed with a 1.5 T body
scanner (Signa HDxt, General Electric, USA) using an
eight-channel phased-array body coil. MR Imaging
Protocol for renal masses included such series:

* Coronal T2-weighted single-shot fast spin-echo
(SSFSE), repetition time (TR) = 2625 ms, echo
time (TE) = 90 ms, flip angle = 90°, field of view =
= 40 - 40 cm, matrix = 200 - 192, breath-hold,
supplying valuable T2-weighted information;

* Axial 2D fast imaging employing steady-state
acquisition with fat saturation (FIESTA FAT SAT),
TR =4.1 ms, TE = 1.8 ms, flip angle = 90°, field of
view = 40 - 40 cm, matrix = 224 - 320, — ultrafast
pulse sequence that provides high-resolution images
with outstanding image contrast and high signal-to-
noise ratio (SNR) relative to the SSFSE. Compared
with other steady-state pulse sequences, the FIESTA
sequence does not subject to excessive signal saturati-
on or motion artifacts and offers an excellent image;

* Axial DWI with the following parameters: TR =
=12 000 ms, TE = 90 ms, field of view =40 - 40 cm;
matrix = 200 - 192; NEX = 3; bandwidth = 250 kHz,
diffusion direction = slice, slice thickness = 6.0 mm,
interscan gap = 1.0 mm with b-value = 0.800 mm?/s),
acquisition time = 17 s. DWI was conducted before
contrast media administration, using single-shot
echo-planar imaging sequence with parallel imaging
technique and fat satura-tion during one breath-
hold;

+ Axial T1-weighted fast spoiled gradient-recalled
echo dual-echo (FSPGR-DE), TR = 130 ms, TE =
= 2.1 msand 4.3 ms, flip angle = 70°, field of view =
=43 - 43 cm, matrix = 320 - 192, breath-hold;

+ Axial T2-weighted fast-recovery fast spin-echo
(FRFSE), TR = 8750 ms, TE = 78 ms and 132 ms,
flip angle = 90°, field of view = 44 - 44 cm, matrix =
=384 -192;

« Sagital T2-weighted SSFSE, TR = 1760 ms, TE =
= 87.4 s, flip angle = 90°, field of view = 37 - 37 cm,
matrix = 384 - 256;

+ Axial 3D fat-saturated T1-weighted spoiled gradient
echo liver acquisition with volume acquisition
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(LAVA), TR =4.5 ms, TE = 2.2 ms, flip angle = 15°,
field of view = 38 - 38 cm, matrix = 320 - 192,
during, and following administration of gadopente-
tate dimeglumine, in a dose of 0.1 mmol/kg of body
weight as a bolus injection with 20 s between each
breath-hold acquisition. This technique combines
contrast-enhanced, multi-phase imaging of the ab-
domen with high resolution, large coverage and uni-
form fat suppression. In one breath hold, LAVA
acquires a stack of overlapping thin slices with high
in-plane resolution. The usual protocol repeats this
acquisition three or more times. In this way, LAVA
produces images of the arterial and venous phases that
not only precisely depict anatomy and contrast uptake,
but also contain vascular information, easily revealed
by a maximum intensity projection post-processing.

The signal intensity of the tumors on DWI was classified
as high, iso-, and low signal intensity when compared with
contralateral parenchyma. Color ADC map was generated
automatically at the workstation (Advantage Windows, GE
Healthcare). The ADC was calculated with linear regres-
sion analysis of the function:

S=S0-exp (-b-ADC),
where S is the signal intensity after application of the
diffusion gradient and SO0 is the signal intensity on the
DW image acquired at b = 0 sec/mm?.

The region of interest (ROI) was placed within a
portion of the solid area where the minimum ADC value
on the ADC map was registered according to the color by
visual inspection. An average of two to three measure-
ments per lesion were performed, depending on the lesion
size. Necrotic regions were identified with conventional
MRI sequences and were avoided for ROI place-ment.
For comparison, the ROI placed in the tumor was copied
and then placed on the normal parenchyma of the
contralateral kidney in the same site in relation to tumor,
and in the corresponding upper or lower pole if the tumor
was remarkably bulgy outside the contour of the kidney.
The mean ADC value was recorded within ROI. In all
cases maps of the exponential apparent diffusion
coefficient (EADC) were used for more precise positio-
ning of the RIO over the lesion. The EADC-maps were
generated automatically at the workstation.

Functool software was used for ADC and EADC
maps generation and measurements, SPSS 22.0
software was used for data processing. The ADC value
was expressed as mean + standard deviation. Statistical
significance was considered when P value was < 0.05.

Results and discussion

Tumors had predominantly irregular shape on MRI
images with irregular and indistinct outlines. All tu-
mors had a diameter exceeding 3 cm, with an average
size of 5.8 + 2.4 cm (range from 3.0 to 13.7 cm). 4 of
67 (6 %) patients had multifocal tumors, the remaining
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63 (94 %) — monofocal. Patients with ccRCC in 60
(90 %) cases demonstrated homogeneous signal and
the remaining 7 patients (10 %) had marked hete-
rogeneous signal due to the presence of necrotic
component of the tumor. On MRI images ccRCC was
characterized by hyperintense signal in regard to renal
parenchyma on T2-weighted images and hypointense
signal on T1-weighted images. On DWI the tumor area
was always represented by hyperintense signal while
on the ADC-maps corresponding zone appeared to
be hypointense compared to the unaffected renal
parenchyma.

In the result of the performed analysis it was found
that the average ADC value of malignant tumors was
significantly lower compared to normal renal paren-
chyma and was 1.82 = 0.16 - 10~ mm?/s vs 2.15 +
+ 0.12 - 103 mm?/s, respectively (p < 0.05), due to
significantly higher density of the ccRCC tissue and
consequently due to the limitation of the diffusion of
hydrogen molecules within the tumor.

Evaluation of the mean ADC value in patients with
different degrees of ccRCC malignancy in accordance
with classification by Fuhrman decrease in the mean
ADC value along with the increase of the nuclear
polymorphism was observed. Thus, in patients with the
I grade the mean ADC value was 1.92 + 0,12 - 10-> mm?/s,
in patients with the 11 grade this value was 1.84 + 0.14 x
x 1073 mm?/s, in patients with the III grade the mean
ADC value was 1.79 = 0.12 - 103 mm?/s, and in
patients with the I'V grade of nuclear polymorphism the
mean ADC value was 1.72 £ 0.11 - 103 mm?/s.
Statistical comparison of the data obtained among
patients of all 4 groups with different degrees of ccRCC
differentiation had revealed a significant difference
(p < 0.05). The mean ADC values of normal renal
parenchyma and ccRCC of different degrees of
malignancy are displayed in Table 2. These data suggest
that tumors with a higher degree of malignancy are
characterized by a restriction in the diffusion of
hydrogen molecules in their tissue on DWI.

Table 2
Mean ADC values of normal renal parenchyma
and ccRCC

Pathologic type/stage Mean ADC value

(cases) (-102*mm2?/))
Normal renal parenchyma (n = 18) 2.15+£0.12*
ccRCC (n=67) 1.82+0.16"
Grade | (n = 15) 1.92+0.12*
Grade Il (n = 19) 1.84 +0.14*
Grade lll (n = 22) 1.79+0.12*
Grade IV (n = 11) 1.72+0.11"

*p <0.05.
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Figure 1. MRI of the patient with left ccRCC. MRI of the patient L., 40 y.o, pathomorphology conclusion: ccRCC of the
left kidney, Ill grade of differentiation by Fuhrman. The tumor is labeled with arrows. A: on the coronal T2-weighted
image in the SSFSE mode, tumor of the lower third of the left kidney with inhomogeneous hyperintense signal, with
no signs of invasion of perirenal fat; B: sagital T2-weighted image in FRFSE mode, inhomogeneous iso- and
hyperintense signal over the tumor, no signs of perirenal invasion; C: axial 2D FIESTA FAT SAT, inhomogeneous
hyperintense signal over the tumor, no signs of perirenal invasion; D: axial T1-weighted DEcho FSPGR, the region of
tumor isinhomogeneous and hypointense; £: axialT2-weighted image in SSFSE mode, the tumor isnoticeably in-
homogeneous and hyperintense; F: diffusionweighted image, b-value = 0.800 mm?/s, the tumor site is hyperintense;
G: ADC-map, part of the tumor is hypointense, ADC value in the region of interest over the tumor is 1.78 - 10—3 mm?/s
and over the area of unaffected contralateral kidney renal parenchyma — 2.13 - 10—3 mm?/s; H: EADC-map, the signal
over the tumor and healthy kidney is better differentiated in comparison to ADC-map

On EADC maps better differentiation of the Conclusions
signal in comparisonto ADC maps was admitted. 1. The data obtained in the survey show a
It was helpful for the precise positioning of the significant restriction of diffusion of hydrogen
ROI over the tumor lesion and for the assessing molecules in tissues of ccRCC compared to the
of the diffusion ability of the healthy kidney healthy renal parenchyma due to the greater density
(Figure 1, H). of tumor.
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2. Mean ADC value of the normal renal paren-
chyma was significantly higher than in ccRCC
tissues and was 2.15 £ 0.12 - 10-* mm?/s and 1.82 *
+ 0.16 - 103 mm?/s, respectively (p < 0.05). We
observed a statistically significant difference in the
mean ADC values of ccRCC tumors with different
degrees of nuclear atypia by Fuhrman: tumors with
a low grade of differentiation demonstrated higher
mean ADC value compared to highly differentiated
tumors.
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10.0. Muuux

Ponb audyysiliHo-3BaXkeHnx 306pakeHb MPT y audcepeHuianbHin giarHoctuui
CBIiT/IOKNITUHHOrO PaKy HUPKH pPi3HUX cTyneHiB audepeHuiayii 3a Fuhrman

JIbBiBCbKMIT HallIOHAIBHUIT MEIUYHUI YHiBepcuTeT iMeHi Jlanwia [anuibKoro

Hupkoso-kiitunHuii pak (HKP) € HaiimommpeHilow0 myxXJIMHO HUPKHM i criocTepiraerbest y 85—90 % Bumankis, 1o
cTaHoBUTh 1—3 % BicuiepaibHUX HOBOYTBOpeHb. CTyIiHb 3710s1KicHOCTI cBiTIoKIiTHHHOrO HKP (ckHKP) BU3HauaioTh 3a
Pi3HMMM TiCTOJIOTIYHMMM Ki1acudiKallisiMU, Ta HailyacTillle BUKOPUCTOBYIOTh Tpajallito 3a Fuhrman, ska rpyHTyeTbcs Ha
YOTUPbOX MOpdosiIepHUX KpUTepisix. B ocTaHHI poku MarHiTHo-pe3oHaHcHa ToMorpadisi (MPT) Bce yacrile npuBeprae
yBary KJiHIIKUCTIB SIK METOJ BUOOPY M1t AiarHocTuky i ctanitoBaHHs HKP, ockinbku mae Husky nepesar Han KT.

Merta po6oTH — oOlliHKa iH(GOPMATUBHOCTI MAarHiTHO-PE30HAHCHOI ToMmorpadii i3 BUKOPMCTaHHSIM MOIATbHOCTI
nudysiitHo-3BaxkeHuX 300paxkeHb (J133) y niarHoctuii ck HKP Tta Bu3HaueHHi cTyrneHs iloro audepeHiialiii.

Marepiasm ta Meroau. Y JOCIIDKEHHI B3sUIM ydacTh 67 XBopux i3 maromopdosoriuno goseneHnnM ckHKP Ta 18 310-
POBUX BOJIOHTEPIB. YciM iM nmpoBommi MPT 3 BukopuctanHam /133 i3 mogaabliuM BU3HAYEHHSIM BUMipIOBaHOTO Koedi-
wienTa nudysii (BK).

PesynbraTtu Ta 00roopenns. BctaHosieHo, 1o cepenHe 3HaueHHs BKJI 3/109KicHUX HOBOYTBOpPEeHb OYJIO 3HAUHO HUXK-
YUM, HiXX Y HOPMaJIbHOI HUPKOBOI mapeHximu, i cranosmio (1,82 + 0,16 ) - 10-3 mm2/c mopiBHsHO 3 (2,15 £ 0,12) - 10-3 Mmm2/c
BinnosigHo (p < 0,05). Takox BUSIBIEHO CTaTUCTUYHO BiporigHy pi3Huiio B nokasHukax BKJI y xBopux i3 ck HKP Buco-
KOT0 Ta HU3BKOT'O CTYMeHs AudepeHiiialiii.

BucHoBku. Pesynbrati o04YmnciIeHHsS BUMiproBaHOTo KoedilieHTa nudysii mix yac oTpuMaHHsS IuGy3iiiHO-3BaKEHUX
300paXkeHb MarHiTHO-pe30HAHCHOI ToMmorpadil HamaloTh BaxXIUBY iHpopMalilo mis AudepeHLiaTbHOl AiarHOCTUKU
HUPKOBO-KJIITUHHOIO paKy.

KimouoBi cj10Ba: HMPKOBO-KIITUHHUI paK, MarHiTHO-pe30HaHCHa Tomorpadisi, audysiiiHO-3BaxkeHi 300paXkKeHHs,
BUMipIoBaHU# KoedilieHT nudys3ii.
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10.0. Motyux

Ponb and¢ysmoHHo-B3BeweHHOM BU3yanusauun MPT B audcpepeHumnanbHom
AWArHOCTUKE CBET/IOK/IETOYHOTO paKa NOYKH pa3HbIX cTeneHeH
avddepeHymauuun no Fuhrman

JIbBOBCKMIA HALMOHAIbHBIN MEIULIMHCKUM YHUBEPCUTET UMEHU I[al—u/ma FEUII/IL[KOI‘O

[Toueuno-knerounslii pak (ITKP) siBisiercs Hanbosiee yacTo BCTpeyalolleicsl OMyXOJblo MOYKM U BBISIBISIETCS B
85—90 % ciyyasix, uto coctaBisieT 1—3 % OT BceX 3710Ka4eCTBEHHBIX BHMCLIEpATIbHBIX HOBOOOpaszoBaHuii. Ha maHHBIIA
MOMEHT KOMIIbIOTEpHasi ToMorpadus 1 MarHUTHO-pe3oHaHcHast Tomorpagust (MPT) gaBiasioTcss OCHOBHBIMU METOJaMU
HCCIIEAOBaHUS B IUArHOCTUKE, olieHKe U ctanupoBanuu [1KP. JuddysrnonHo-B3BelenHas susyanusauus (JIBB) asuset-
cst MonanbHOCTEI0O MPT, B KOTOpPOIi MCTIOJIB3YIOTCSI CHJIBHBIE OUTTOJISIPHBIC TPAAUEHTHI ISl YCUJICHUSI UyBCTBUTEIBHOCTH K
TePMUUYECKU MHIYLIMPOBAHHOMY OPOYHOBCKOMY JBMXKEHUIO MOJIEKYJT BOIOPOAA, UTO pa3pelliaeT U3MEPSITh MOJIEKYISIPHYIO
nuddysuto in vivo.

Ienp padoThl — OllcHKA KIMHUYECKOM nHpopMmatuBHOCcTH MPT ¢ ncnons3oBanueM MomanbHoctu JIBB B nuddepen-
LIMAJIbHOM TMAarHOCTUKE CBETJIOKJIETOUHOTO paka MOYKY pa3HbIX cTerneHei nuddepeHnanum.

Marepuassl 1 MeTobl. ViccienoBaHue MpoBOAMIOCH Y 67 B3pOCIBIX MAIMEHTOB ¢ MATOMOPGhOIOrMYECKU TOKa3aHHbIM
cernokieTouyHbIM noaTuniom HKP (ckHKP) u y 18 3mopoBbsix BosioHTepoB. Becem manmeHTam mpoBoauIach MarHUTHO-
pe3oHaHcHas Tomorpadus ¢ ucnosb3zoBaHueMm BB ¢ nocienyoiunm onpeneieHueM uaMepsieMoro KoadhduimeHta gud-
Gbysun (MK).

Pesynsratel u o0cyxnenne. B pesynsraTe MpoBeIeHHOTO aHalM3a ObLIO YCTAHOBJEHO, UTO cpeaHee 3HaueHue MK]I
3JI0KQYEeCTBEHHbIX HOBOOOPA30BaHUI ObLIO 3HAUYUTEIbHO HUXKE, YEM Y HOPMAJIbHOM MOYEYHOM MapeHXUMbI U COCTABJISIIO
(1,82 £ 0,16) - 103 mm2/c mpotuB (2,15 £ 0,12) - 1073 mm2/c cootBeTcTBeHHO (p < 0,05). Takke HabOAANIACh PA3HMIIA B
nokazatesax K] y 6onbHbIX co cKITKP BhicOKOit 1 HU3KOI1 cTeneHn auddepeHIIMaig.

BoiBoapl. [TosryueHHbBIC JaHHBIE TOBOPSIT O TOM, UTO ucnosb3oBaHue MPT MogansHoctu JIBB ¢ ncuncnennem MK/
pa3pelniaeT nojyyarb HeHHYI0 MH(OpMaLUIo, KOTopast Heooxoauma st augdepeHaibHOR TMarHOCTUKY 3JI0KaYeCTBEH-
HBIX ¥ I00OpOKAYeCTBEHHBIX OIyXOJIei MTOYEK, UTO SIBJIIETCS KpaiiHe BasKHBIM JUISl BHIOOpA JaJIbHEHIIEH TAKTUKY JICUYEHUS
TaKuX MalMeHTOB.

KiroueBsie c10Ba: MoYeTHO-KJIETOYHBIN paK, MAaTHUTHO-pe30HAaHCHAast ToMorpadwust, muddhy3noHHO-B3BeIIEHHAs BU3Y-
anu3anysi, usmMepsieMblit KoabuimeHT 1uhGy3nn.
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