Relationship Between Apparent Diffusion Coefficient (ADC) and

Glioma Cell Density
JULY 19-22

VNCOUVER BC Rachel Glenn, Rajarajeswari Muthusivarajan, David A. Hormuth I,
JOINT AAPM\CUMP MEETING Max Wintermark, Ken Hwang, Dong-Eog Kim, David Fuentes, Dawid Schellingerhout

ABSTRACT INTRODUCTION CELL DENSITY Results

Glioma growth and treatment To evaluate the relationship between diffusion N = ( pv ) (ADCW_ADCmean) | M‘easured
response are strongly influenced by MRI-derived ADC and histologically measured Vavg / \ ADCw= ADCpin % 15000 - * Biopsy
spatial variations in tumor cellularity. glioma cell density using spatially localized £ & = ‘Ff;:t’a'n'\‘f"_""(") '
Current D/k reaction—diffusion biopsy regions. * p 1s the packing fraction E 10000 - . | S V= 2.68x + 117.26
models typically estimate cell density * V 1s the volume of the voxel é ;
using simplified imaging Diffusion MRI Theory * Vayg 1s the average volume of a cell T
assumptions, which may not fully | « ADC,, 1s the ADC value of free water %
capture the underlying tumor * ADC,, i, 1s the minimum ADC, set to zero g
e ADC 1s the ADC mean value 1n our 5 mm

biology. mean 550 018 1285 1652 2020

Survival by D/k groups spherical VOI ADC (107° mm?/s)

(example)

— Low D/k
(proliferation-dominated)

ADC VS CD Figure 2: Pretreatment ADC vs cell density at 52 image-guided
biopsy sites. Triangles are virtual NAWM and circles are real

tumor biopsies.

- High D/k
(migration-dominated)

DWI (b = 1000) b =0 s/mm?

2000

(NAWM) mirror sites were included as virtual
biopsy locations. Cell density values were

-
B o o
3 os- g Inverse Correlation Between ADC and Cell Density
- S(b) — Soe_bADC Higher 107_A ® Measured (real)
g Cell Density a o 20000 - ®m Measured (virtual)
® oy W = : ® Estimated (real)
* S(b) is the diffusion weighted signal (" High Cell Density | B O (" Low Cell Density | £ : o ®  Estimated (virtual)
: : : . : : : Low ADC ° :,;{, oo o High ADC £ 15000 - " ® —— Measured linear fit
. <. » Sy Is the signal without diffusion weighting Py U chaetie . P % ) . —— Estimated linear fit
i ;"_:‘me("‘:‘:mhs‘:" = « b is the diffusion weighted factor "% ,*},“ W2 e @@ % 10000 - . s . e _
« ADC is the apparent diffusion coefficient ¥ e -‘:-;{Z- o @ @ O : s B o i.r".
: = : : o 105 - . b 98 s TV e : ®
Current D/k models rely on simplified ADC represents the effective diffusivity of water « % e e ®© @ =000 1 ; :
. . . . . . . High cellularity restricts ® . . W Lower cellularity allows
estimates of tumor cell density. within tissue under the assumption of Gaussian el *oe Y| el | —— — -
MRI-derived estimates of cell density diffusion behavior at intermediate b-values. e e e il >20 900 1250 1600 1950
_ 02 06 10 14 18 22 26 30 ADC (107° mm?/s)
may better represent glioma o ARt —
. . . (restricted diffusion) (free diffusion)
heterogeneity. Improved cellularity Increased cell density reduces extracellular | - | o \ y Figure 3: ADC versus measured (blue) and theoretical (green)
maps could enhance survival space and increases membrane barriers, limiting MIPCEIELE NS EEREEIIR [EREIRLEe 237 NOEETED Elie: cell density. Circles denote real tumor biopsies (n = 52) and
- L - . . 8000 - 22022 - 2-0. . : : .
orediction and tumor growth water mobility. This restriction produces steeper ° = 0007 ' p=015 squares denote virtual NAWM samples. Lines show linear fits.
modeling. signal decay with increasing b-value and results B ; . | |
in lower ADC estimates. £ £ 4000- e Contralateral normal-appearing white matter
gs

Sai
0 -

T
0 500 1000 1500 2000 2500 3000 ¢ 500 1000 1500 2000 2500 3000

ADC 10° mm?/s ADC 10 mm?s assigned using literature-derived NAWM
DATASET | | | | cellularity estimates. This analysis was
tF)’.atler)t Co:\:;)rt. 21 patltents__, 661|Tage-gmdted performed to explore how inclusion of plausible
. . . . lopsies treatment-naive, recurrent ).
52 spatially localized biopsies from 23 untreated P ( ) N:IA\\{[\_/IVI vr?lluis ;/vould affI?cC:lt the_tobsedrv:lgC
lioma patients were analyzed, with cell densit . . refationsnip between cell aensity an :
?nuclei/&mZ) To balance)’:issu,e representatiorzl In treatment-naive gliomas, ADC shows a
' . . ’ statistically significant inverse relationship with : - :
52 contralateral normal-appearing white matter cellularityy J P The theoretical model predicts an inverse
mirror sites were included as virtual biopsies | relationship between cell density and6ADC,
with literature-derived cell density estimates. 1 corresponding to a slope of -1.72 x 10° cells-s
RESU TS /mm*. However, when the literature-derived
& Real Biopsy Sites: ADC vs Cell Density NAWM data were included, the empirical
8 | £ (o5 o Foal bionsy aites relationship was positive rather than negative,
PaTr;S;:ier Units Description % 15000 7 Ee:rs%r?% — 0.09, p = 0.506 = Linear fit with a Slope of +4.6 x 10°cells-s /mm? (r — 048)
S| rpmion | Wk | magoony (T o on s y | e This finding is inconsistent with the theoretical
et (AAHO) Grade e @ 10000 - ol y prediction and suggests that the assumptions
. 1 @ . . .
Tumor Status N//i Tk avOllotion § : _'_._——.!-.-——-:—‘-’——"":'.:_—'__ unQerIylng the Ilteratu_re-derlved NAWM
67 | " 0OSNE | Cellular proliferation marker S 5000 - *0® ® o4 e * © estimates, or the relationship between ADC and
| ETSTelated RPOSe | iy marker 0 o o o cellularity in this dataset, warrant further
:q\f@,%{zxx | Cell Density Number of cellular nuclei per % 1 ® ® o o (@} |nveSt| atIOn
M%’mkq (cD) unit area Q -7 g -
= 800 1000 1200 1400 1600 1800 2000
e foTmmE REFERENCES
CELL DE NSITY Figure 1: Relationship between ADC and biopsy-derived cell density
in treatment-naive gliomas. [1] R Glenn, R Muthusivarajan, DA Hormuth I, M Wintermark,
To evaluate the relationship between diffusion gﬁc’fHWa“QC, DE_ K'mt’ (DA[F)Lée)”teS’ g_sﬁheF')“”%?TOL{t; Apparent
. . . 11 — [Tusion voeitticien dsS a olingie rredictor Is
M_Rl'denved AD_C and_ hlStOlOQIC8||y m?asured A Wehak posm\-/e-trend was obse.rv-ed l(ISIOPe _f 1.211), Insufficient to Predict Cellular Densi’?y in Gliomas, Under
CONTACT glioma cell density using spatially localized but the association was not statistically significant review
biopsy regions (Pearson r =0.09, p = 0.506; Spearman =0.15, p = [2] Gates EDH, Lin JS, Weinberg JS, Hamilton J, Prabhu SS,
] 0302) The |OW CoeffICIent Of determlnatlon (R2 — Ha.Z|e JD, et al. G.llldlng the flrSt. blopsy N glloma patle.nt8
Rachel Glenn, PhD L. . . using estimated ki-67 maps derived from MRI:conventional
Medical Physics Fellow T 0-01) |ndlcate_s Fhat.ADC explallned “tt_le of the versus advanced imaging. Neuro-Oncology. 2019;21(4):527-
Resident CD = (_) kN observed variation in cell density. Unlike Nocera et 36.
Department of Imaging 4 al., our cohort demonstrated little relationship [3] (HQ‘L’J;T:;;?/A’Y';nVQ’:éTO{/AT’Ea;\”ﬁ; c?hLén“i/lc;gﬁy“ggti)?ergﬁzaiﬁén-
Phy5|cs. _ . N is the number of cells between ADC and cell density. These findings diffusion model that incorporates intra-tumoural heterogeneity
The University of Texas MD . suggest that ADC alone is insufficient for estimating to predict in vivo glioma growth. Journal of the Royal Society
Anderson Cancer Center T 1s the volume of the voxel glioma cellularity and support incorporating Interface. 2017;14(128).
rglennl@mdanderson.org e T isthe histology slice thickness " . . . [4] Nocera G, etal., Journal of Neuro-Oncology, vol. 175, pp. 111-
, , additional MRI-derived features into future reaction— 199 2095,
C 713-304-0724 « kisascaling factor oo !
diffusion tumor models.

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM



	Slide 1

