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Years after gamma knife radiosurgery

[E Serial ADC images (A-C, E) after GKRS, CE-CT image (D) 10 years after
GKRS and relationship between mean ADC value and measured area changes
over time of the residual meningioma (F)

F : The line graphs demonstrate the changes of both mean ADC value and its area over
time. ADC value increases up to 1.00 for 4 years after GKRS and slowly decreases to
0.92 by 7 years after GKRS. Then it shows a relatively rapid drop to 0.69 by 10 years.
On the other hand, ADC measured area significantly increases from 9 years later.

ADC : apparent diffusion coefficient, GKRS : gamma knife radiosurgery, CE-CT : contrast-

enhanced computed tomography
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Apparent diffusion coefficient value
changes over time in a patient undergoing
gamma knife radiosurgery for atypical
meningioma: a case report

Kiyohito SHINNO *, Teruyoshi KAGEJI ?, Tetsuya TAMURA “, Yuya WATARI *,

Eiji KUDO ?

1) Department of Neurosurgery, Tokushima Prefectural Central Hospital
2) Department of Neurosurgery, Tokushima Prefectural Kaifu Hospital
3) Department of Pathology, Tokushima Prefectural Central Hospital

We retrospectively investigated the relationship
between malignant transformation of an atypical
meningioma and apparent diffusion coefficient
(ADC) changes over time. A 76-year-old man
underwent gamma knife radiosurgery (GKRS)
for bilateral frontal falx meningioma 10 years
ago. However, the tumor showed significant
growth 7 months later. Craniotomy was
performed, and the tumor was diagnosed as an
atypical meningioma. As the part of the right falx
tumor remained, we observed the residual tumor
with periodic magnetic resonance imaging. The
tumor showed slight regrowth 9 years after
GKRS and became prominently larger a year
later. The second surgery was performed, and the
histopathology revealed an anaplastic
meningioma. The patient died 4 months later due
to early recurrence of the tumor. The mean ADC
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value was 0.75x10° mm?/s before GKRS. It
increased to approximately 1.00x10° mm?®/s for
the initial 4 years and showed a decreasing
tendency to around 0.92x10° mm?/s until 7 years.
It showed a relatively abrupt lowering to the level
of 0.69x10° mm?/s during the next 3 years. The
mean ADC changes may indicate malignant
transformation of the atypical meningioma
before the actual tumor recurrence.
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coefficient
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RBIVEREEIE (2052 A < A4 7% (GKRS) OBG#iIE, 5 AEHEH =0
40 ~56% ¥, SAEAAAEERNEL ~ 88 MIELME SN THY Y, SERREL
WA TOHREO) A7 3HFAET 5. E-BUEREEIE & IF B 7% SR E < ik
apparent diffusion coefficient (ADC) fHIZZEXRA SN, BETEIAEIKMETH
ZEMEESNTVS . SE R EBIEIE (< $ 5 GKRS 5 10 £ H£ICHREL,
FBFMIC &0 BISANEREEIE & W U 78 e B 2 #8BR L 72, BUfE £ ISR AIMERE
JENE > GKRS 4 % 2 REMIC ADC i CEHF L 725 I3 A b v, 4SRRI
HEIRIE |2 351F % AR L & ADC fEDOZAL D BRI DWW TR HIITIRE L 7-.

Il. iE %l

BOF 76 (X + 10 4EABeRE) Sk

T BTREE

WEAERE « R ANA, WEIRW, WIMLESE, e,

BIWGIE « X 4R 1 A e 28 [ L 72 B8, TR i BEBE NS A3 AR g L s 7z
(Fig. 1A). KSRBaIE D B D 72A%, BEITKRHEA LMD 2 7 W1 %24 <
ALTBY, BERPRKIEAIEGFELTO RN X 0 REE O B RIG# & A 2
S, S5 ZOMESICH LT GKRS (Ufk#E 14 Gy) ASiifr&hiz. 207
71 R BIIES 2SR U (Fig. 1B), REBIE, HiAER MBI L 72729, H
SRR AR DS HAT S 7z, S BRI B IR S S O SRR 2 b R AR o0 e FE M
BEIEASE D S (Fig. 1D), $eE 4t CTid EMA (epithelial membrane antigen) 7%
lECdh o7z, T2, WEEHEEGOERIIAHKETH Y, GFAP (glial fibrillary
acid protein) 4¢ft CHEBGHIARIZIEME, — H R FIEOIEH MGk Tl s & 5 5
WaRDIZZ DO SWMEERNDBEEPAEL T2 H 0 LB S 7z (Fig. 1B). Z
NOOKRE ST 2 BAEFEEE (WHO Grade 1) &@ZWr3hsz. &b, Ki67
PR DO EIE1X 1% R TH - 72, Z ORMKMIRITIZEFIE - i, patternless 7l
NABCHI R RAG TR ST, Ml ERH Ml b &3 %nl, 2ult
b Z ORI TIE GKRS 12 & 2 BMALOFT RIZHEN TH - 72,

Mt AR RE R 3 L 7225, A KISk BEEIE A3 5% AF L 7272 % (Fig. 1C), AEk T
MRI 2 & 2 #6@BE > Tb N7z, fE#h X + 94D MR TH KINSFRAFIER O
BARBEmMAA SN, X + 95 FHRITIZHLREOREZ vy, X + 10 4F&ICIEM
PSR PR AR~ 5 % K & 2 FESENE LS A5 72 12388 H 72 (Fig. 2A-D).
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Radiological and histopathological findings during the initial treatment of the bilateral frontal tumor
A : CE-CT at the initial visit showing a well-demarcated enhanced tumor in the bilateral frontal lobes.

B : CE-CT performed 7 months after gamma knife radiosurgery showing marked enlargement of the tumor with prominent peritumoral
edema.

C : T2-weighted magnetic resonance image taken 8 months after the first surgery showing a residual tumor attached to the right side
of the falx (arrow).

D : Histopathological image of the tumor showing dense proliferation of epithelioid cells with indistinct cell boundaries (HE : X 400).

E : GFAP immunohistochemistry showing brain invasion of the tumor (X 200).

CE-CT : contrast-enhanced computed tomography, HE: hematoxylin eosin, GFAP: glial fibrillary acidic protein.

ABEHET LB & O - kI EI T, RIS E O KT 250 S /.
2 0] B o> BISFENE S AR ASHEAT S 4, JESH X WERIIC & 44t (Simpson grade 1)
EN7: (Fig. 3A). FHEFT R CITMIBR® D R <, SsBIES N 25288k 3 2 Hik1c
B CBY, WL R LT (Fig 38). B42U5E 50 1 B fEc
»HY, BEHKEGERSE (WHO Grade ) &Mz, ZBREEENICIE, Mk
HIZ WHO 778 Grade I & MMOBITEPRBO LNz T2bH Y — MIRB§GE N
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Years after gamma knife radiosurgery

Serial ADC images (A-C, E) after GKRS, CE-CT image (D) 10 years after GKRS and relationship between mean
ADC value and measured area changes over time of the residual meningioma (F)

A : Nine years after GKRS showing slight enlargement of the residual tumor (arrow).

: Nine years and 6 months after GKRS showing enlargement of the peritumoral edema (white arrow).

C : Ten years after GKRS showing marked and heterogeneous enlargement of the residual tumor extending to the deep frontal
lobes (arrows).

D : CE-CT 10 years after GKRS showing heterogeneously enhanced large recurrent tumor in the frontal lobes.

E : ADC image performed 4 years after GKRS. It shows the region of interest of the residual tumor, measuring both mean ADC
value and its area (white oval circle and arrow).

F : The line graphs demonstrate the changes of both mean ADC value and its area over time. ADC value increases up to 1.00 for
4 years after GKRS and slowly decreases to 0.92 by 7 years after GKRS. Then it shows a relatively rapid drop to 0.69 by 10
years. On the other hand, ADC measured area significantly increases from 9 years later.

ADC : apparent diffusion coefficient, GKRS : gamma knife radiosurgery, CE-CT : contrast-enhanced computed tomography.
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Fy—rxEL, fEY T EMA BEEA 2 Ki-67 BRI o545 10 % #25E o filk
JE DB A3%5% % I8 (Fig. 3C-E:upper left) &, Higi CHFRE 2B/ XY — &R L,
EMA k2> Ki-67 B tEMNa o EIE 5 30 % F2EE O P i A% o 5838, (Fig. 3C-E : lower
right) 2MRAEL Tz, %&b, Ki67 Mg o®l i, Mikaek Tl 40% 25
Th o7z,

MBI TR LI NE) F— a Y &L iahigHRagE (L
KBRS %FTE L CTwiz2s, 2 HH IS MINEERZ A0 L7272 0B HEE F
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Postoperative FLAIR images and histopathological findings of the recurrent tumor removed 10 years after gamma
knife radiosurgery

A : FLAIR image performed 2 weeks after surgery showing total removal of the tumor.

B : New recurrent part of the tumor in the deep frontal lobe showing monotonous bundle form proliferation of spindle-shaped tumor
cells. It contains obvious necrosis and hemorrhage (HE : X 200).

C : Transitional region of the tumor within the new recurrent part showing two different histological structure. Upper left shows
sheet-like arrangement of the tumor cells, while lower right shows monotonous and disordered proliferation (HE : X 200).

D : EMA immunohistochemistry of the same part as shown in C showing positive for upper left region and negative for lower right
region (X 200). This indicates upper left region still reserves the nature of the meningioma.

E : Ki-67 immunohistochemistry of the same part as shown in C showing two different proliferation indices of each region (X 200).

F : FLAIR image performed 10 weeks after surgery showing recurrence of the tumor (arrow).

FLAIR : fluid attenuated inversion recovery. HE : hematoxylin eosin, EMA : epithelial membrane antigen.

LFr—J2EL, HERICH3BEMEZE L. 6 AM%O MRI T SEEEREIC /AT
TRIEDTRRD HNT2As, AL IRTED & T4 R0 5 0 18] 0 B v 8 1 DRI e & Ik L
BERPKEOFED L CTEMBATMEHE (291 Gy / 340E) Z#EIRLEML 7.
U LFsEIESE 1 10 M H & ICIE S SIS KM & 2 ) (Fig. 3F), fiffz 4 7 H TIE
L7,

FERFY ADC ilidZAL : M7 # ® MRI ADC B{£I2B VT, ®WIZH U AT A4 A
THAFA R SRBBE SN 5 &) IO #RE B E, BREEREHR Y 2T A1
g LT B EHIY — v &2 HW T ADC % 8 #HIICERI L 72 (Fig. 2B). F7-
[ HE12 ADC %€ S IR O i fE & it 4% L 72 (Fig. 2E). GKRS &9 0 O F# ADC fili 1%
0.748 x 10° mm’/s Td », GKRSI 4E#1213 1035 x 10° mm’/s ~ER L, Z O
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M 4 5FERE TR L7z, 4 SRR DIREIZRE 2 2 A BIIC R U, 7 424212 0922 x
10° mm®/s & % 5 728 L IFHBEBITET L, 10 4£%1213 0692 x 10° mm’/s F
T T L7 (Fig 2F). —J5, ADC HIEMHEIROMERZ A S &, ¥ ADC HD T FEfE
M) & 0 # T GKRS 85 BRI RMBER A A S, 9 FEML DRI 2 T ko3
KHFRO B 7= (Fig. 2F).

n. & 8

FAIVEREBENE 29 5 GKRS 2 12 BRI R BB I~ B i L 72 & 9 % i 1
FEBIA W, F - AMEBEIEIC BV T D radiosurgery % 0 B M 5L % 1%
050/1.000 A\ - £ L HESNTHBY, FHICHE VRS Y. Fx OREHITIEYIE T
JEIRF 1213 Ki-67 B Efifa o #6113 1% A0 S K<, S22 B GITEO Sk ne
o7z, TDHRI0FEZRETHAFELEENIC Grade T & MOBITHREZRDIZZ &
75, de novo lERETldZe <, EHIRIbE E 2z SNz, L BEM TR E X O
T 0 X T SRR AR O SRR O RO H 5 ) A 7 HT-&
HWESNTEY, SHOEMILIZ GKRS 255 L= WG ETE v,

BB BEIRIE DO GHR IOV T, MDA TIEHIERE <, WRICHBIK
FHIBEEMZ 5 2 L CRFROEESE O L OWEsHELNE Y. F72, B
T 2\ IS FFFEBBE (2R3 2 @ MG I, T ¥ T Y AL ANV 3 THDHH—
BRI ZEEN TV D P ARIERCIEAGHEE O BEE TSI R/ X 2 R T
FFEDFRO SNz, BIEHERENE O PRI LT, FFMIC& /RIS
PR BN BEHE R D BIMAT LN TV 525, N5 DOR[FTEHRIEROEMTD
HEOEGENBOEREZBON TV RVONBIRTH 2 V. AR TN K%
DA IREED & FFFAN R R W ) O U G X R EE & FIT L, AR S BRE 9 7
INREE T o 72720, BIGHE L U TEMBU#GEZ BIRL 7225, #RIEESR
Bholz.

ADC 1 & BEERE DR F 7 WHO Grade & ®BHIZDOWT, Surov 5% Grade
I T105 = 039 x 10° mm®/s, Grade I T 077 = 0.15 x 10° mm”/s, Grade Il T
079 = 021 x 10° mm’/s L HELTHY, Ki-67 BtEian B4 5% B Lo s
Bex AT DI A RN 5720 # 4 ADC B4 085 x 10° mm®/s &3z L7=".
¥ 72 Yu 513 WHO Grade I #[FETIiZ ADCEASAEICEWVEHLL, £ cut
off fii1Z 088 x 10° mm®/s & #iE L7z ¥, %512 Ranabhat 513, P39 ADC flic >
T WHO Grade 1Tl 088 x 10° mm®/s, Grade I /II'CiZ 072 x 10° mm®/s &
L, ADC map OfE 5 3ESOMMBEEE L HEDICEEL TBY, MikFn
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Grade DFHICHHATH 2 LB TWw2 Y. Fx OIEH O ADC fiiix, Hik¥ 10
Grade & DHHEICBWTIN S DHREDFER L —FH L Tz,

WA BEIBEIE (2R3 % radiosurgery O #)H: % ADC fili CEFli L 7285 2 A4 5 &,
Huang 5 (X BIENE 12453 % GKRS Hi#% T3 ADC fii % #il%€ L, GKRS i 2% 0.82
+ 015 x 10° mm®/s, GKRS # 4%1.36 = 019 x 10°mm”/s Td - 72 & #i# L,
GKRS #I2 ADCEAEZIC L AT 22 L 28E L2 Y. F72, 5 1 2EE AT
L723%E1 3 ADCHEO EASHIIF S5 2 & 2R L, ADC il i3 WG © g1k
WOEALHED >N 2 HIEEN R L 3T 2 LCHHTHL EWME LY. [
FRIZ Berberat ® b radiosurgery % 52 \F 72 BERIE T, 10 4R M o fE B2 A M 12
BWTC, FHADCHICEE R EABALN-Z L Z#HiE L, ADC IZEEOEY
SRR OZALE KB 5 WA D B L BT B Y. S ORI T,
GKRS 5\ 5 72 A L5 L72 ADC 7S, 74 &2 H2MIIKTL, ZOHHHELE
TEREREENE & S -2 L2 5, ADCEOT & MLERT 1Y 7 AL & OB
PEDHELE S N7z, b bk 4 DIEB DOFMRIG TEIEE S 7z % EE o2 W 2 B3,
WIEICEML L 7R oMK R AL, FEHICH W Ki67 BEMio® 4 (W 40%), 5
PR 1 BB S AR O G RE, & M E o & /AN o B 5l 7 &A%
ADCEDIKTF & LTI Nz E 2 b5,

%I ADCEHHIEICB W THEETRE N TH 525, MG I IR ARk
W B EWALENZIL L ADCIEIZEEN KT, ADCEAFHT38% LA Lz s
DHENA LN L Y. 72, ADC MRl 12 E 7% 5 MRI HRE R 572 2 R
X OEALT 72, FRICHTET O S EME ORI IXERSLETH B S
Twa Y kA RE -, FA-RREIC L 22T o TH Y, MR A
o7z, G 1R1E GKRS R FRAF 5 B KB E 72 & OIEFMAEFNICBVTDH
ADC 1l % #EWREMIC AT % Z & C, B o FREER D 5 VI EEIRLIZ oW TR
BNCHRZ SN RetEdd 5 L b7,

)
A

Iv. I‘:l:bl

7= F A 7 EFEOFRAF BRI O W TRIFEYIC ADC A FHIIT 2 2 & T,
JEF D SEMI QA M2 RN R SN B WREMED D ), BRRENA H 2RI %
NRBLEZOLND.

RN DERICEL TIE, BERCHEIREL VOB TCHRENRBEEZE TV 3.
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