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Gamma Knife Radiosurgery for Metastatic
Brain Tumors: Neuropathological report of
two autopsy cases and review of literatures

Masao Tago", Yukimasa Aoki?,

Keiichi Nakagawa®, Atsuro Terahara®,
Yuzo Onogi”, Kenji Hasezawa?, Kenji Toyoda?,
Yasuhito Sasaki?, Hiroki Kurita*
and Shigeo Murayama®

More than 40,000 cases have been treated with gamma
knife radiosurgery, but few neuropathological reports are
available. This paper describes two autopsy cases in which
the patients had been treated with gamma knife. As these
patients died 67 and 24 days after therapy, early
neuropathological changes are reported.

The first case was a 58-year-old woman diagnosed with
multiple brain metastases from breast cancer. One of these
lesions, in the medullaoblongata, was irradiated with a gamma
knife. Sixty-seven days later, she died from heart failure. The
second case was a 69-year-old man diagnosed with multiple
brain metastases from lung cancer. One of these lesions, in
the pons, was irradiated with a gamma knife. Twenty-four
days later, he died from acute renal failure caused by
hepatorenal syndrome. In both cases, the irradiated lesions
were well demarcated from the undamaged surrounding tis-
sues on light microscopy. Histologically, the tumor cells
showed a variety of degenerative changes, such as pyknosis,
multinuclear cells, and vacuolar degeneration in the cyto-
plasm. Fibrosis, more prominent in the first case, was ob-
served spreading in the irradiation field, adhering to the
hyalinized and thickened vessel walls. Demyelination was
also observed in the first case. As far as we know, this re-
port is the first published description of fibrosis in the
radiosurgical irradiation field.

Research Code No. : 404.6

Key words : Radiosurgery, Sterotactic irradiation Brain
metastasis, Autopsy, Neuropathology
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Fig.1 Case 1: T1-weighted MR image with contrast enhancement Fig.2 Case 1: :tereotac‘nc CT scan with dose distribution super-
shows a metastatic tumor in the meddulo-oblongata. imposed on the radiosurgical target. A radiosurgical dose of 20Gy

:;ar!s irradiated to the tumor margin, and 33.3Gy to the tumor cen-
IEERRO Lo,

TRHEREN, FEfk S~ 1SKEMB D SRl Sz, ) s V2 LIEE BB A FLES U RRAT 33 & OV SRid iy % fifT S
N2, 10% 5N~ S TREER, KBk ATAb Fohs, REBEREE IR A L MR HE L, e b
12T, Hr=F A7 & RAT L 72ROV TIZCT, MRIfE A DDbLTRAIHEL. BOOFH»5230 A
BROAFWTIZ T DI L L7k, T 74 ViZETHEL, (ZHET PREATHIBL IR 4 (CHETE, EDPIRSE(E, MR
FEFIZ@AANT XYy ATy, ) 2= N HESBDH LN, HEMRIZ 1T Lz & 2 A %5
Vo, RF4 Ty, E—=lvavAsx—, =y AN, TH Xine & Bl s, mﬁ%@-%mi@%ﬁi:m% % M (Fig.
yexO)—, TF5AFh - T - F—V, KVIT 1), BREROREEBELZZ SNz, ERIBSO®MIE &

, BeZ YT AT /EAT X)) 2, R, BRI EEE bEZONLN, EHTFHEIEVETFHRINLERTH

T & HWCTERIEE L, FEMABRELITo /. 0, BB CIXEFRAE SN L BN EL 25 2

L, FFHHRAERE T Y hO— VT2 2 L AEECH -7
Sk, FERBEOBRCHFLZLHY, FHBA YT 4 — A

- = _ F-arer D)z, COEFEBEIOT LT <F
ER 1 A 7 & §E{T L 72, Stereotactic CT_LEHFIE12 x 10 x 12mm
ERFRAZ B T, 14mm3 ') A— 4% —1 shotD & & 260 %isodose curve

FEGNES8m . 4 FLHE G EEALRE G091 2 13 FLEENR ) 2 THES & A, FuLHiE33.3Gy, 020Gy 12 T BRgY
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Fig.3 Case 1: T1-weighted MR images with contrast enhancement.

(A)MRI at the day of gamma knife. (B)MRI eleven days after gamma knife. The central area of the irradiated tumor shows reduced
contrast enhancement. The tumor size is unchanged. (C)MRI 32-days after gamma knife. The irradiated tumor decreases in its size.
However, the tumor in the right cellebellar hemisphere increases in its size.
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Fig.4 Case

(A)A transverse brain seclion of the meddulo-oblongata.

(B) The irradiated tumor cells show much degenerative changes, such
as pyknosis, multinuclear cells, and vacuolar degeneration in the cyto-
plasm, with infiltration of macrophages (Hematoxylin-Eosin stain; origi-
nal magnification 50 =),

(G} Praminant fibrosis, stained extremely blue, is observed spreading in
the irradiation field, adhering o the hyalinized and thickened vessel walls
{Azan-Mallory stain; original magnification 5 x).

(D) The myelin sheath staining is pale at the edge of the target (Kidver-
Barrera stain; original magnification 25 x),

(E]The swollen and fragmented axons are relatively preserved al the same
area as Fig. 4(D), indicating demyelination (Bodian stain; original mag-

nification 25 x).

L7z (Fig.2). W& 3 BEOMRITRELER L =1
2%, 11 HfEOMRIT XS b.ORB i R RO AT L &
., NSO ENES B LTy B2 A %R
(& Tmm A LA, iz MR ORI s L ) &
R L Tvi7z (Fig.3A-C). BB OBINE XBIW R
A704 FLREEFFEELZ CGHEH L, fEEmmRc
ML TIRoris Lo, eSiiBitiae iz BLL . Bits7
HiE, LAEanioiiEsir:.
FEENMA

Hr=d4 7% M7 L ERsEE L, AR
e L MO RS & ORIR W O A B i,
LIl TS - /- (Figda). HEO - HEROWRI
BB T, ALERAEOY I CHREEAR R I SR LR TR L T
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=A%, FEEATHGE ORI & L HOEE, Sk,
famEFEE 4 EFHGEE AR & h, £ TR
Rvro7r—Y4HB LT (FigdB), TH» -=0Y
—WfBTRA L, HEHEFMIZHE L W e 2 h 2 IR
VLA 2 THY, WTFELERE L nEFELEFEFL T
Pz (FigdC). HMEF D& LM ERL, 2 a—2
= AL FRBETREWORHEAHO P TH
(Fig4D), L L, 7+ 7B Clidkoliirmit
RiEvenszbon, BEFOLORRLATED
(Fig4E), # 1) a--si— . 5L FiBOiR L &b s
EZohi:, 6 ILTIRMTIE, T{EREIVF-TR
Pehromatolysis b B Lo,
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Fig.s Case 2: T1-weighted MR image with contrast enhancerent Fig.6 Case 2: Stereolaclic CT scan with dose distribution super-
shows a metastatic tumor in the pons. imposed on the radiosurgical target. A radiosurgical dose of 20Gy
was irradiated to the lumor margin, and 28.6Gy to the tumor cen-
ler.
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Fig.7 Case?2

I.AQI'A transverse birain section of the pons.  (B) The irradiated umor cells show much degenerative changes such as cagse one (Hematoxylin-
Eosin stain; original magnification 50 =),  (C)However, non-irradiated tumor cells are uniform in their appearances, clearly difterent from
those of the irradiated cells, which indicates no degenerative changes (Hematoxylin-Eosin stain; eriginal magnification 50 =). (D) Fibre-
sis, adhering to the hyalinized and thickened vessel walls, is observed spreading in the irradiation field, with praminent spongy change at
the edge of the target. The fibrosis is less stained than thal of case one (Azan-Mallory stain; eriginal magnification 5 =),
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1 [, EGTFHRIEVEFBIN-ZE, &RBHO
GRS EL 2528, $FHEOFLELEIL
D, EBED) BibKE (HRMICHEEL Z2 51704
HEAEHL (Fig 5)ISH LCH v =+ 4 72 Hi47 L72. Stereotac-
tic CT LAESZ 1213 x 12X 14mm™T, 14mm3T ") A — % — 1 shot
D&% 1 70%isodose curvelZ THEEE % Bl A&, Hlt
28.6Gy, L#EE20Gy |2 TGS L7: (Fig6). Lo L#0Dk
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A =T A7 2T LRI, Wm0
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Hofz. TORPICHINEEE L %2 5h 5 BEaHREO /N
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B EERRBOILE LTV, T2, SMUEOPKESRE, B
DIHELEILE D FEHTH o 72 L MEL TV 5B,

Koike 51X, FeUHTHZE & A5 R4 =S 8 (R EETEEE ) @ 2
AT DGR - <= F 4 7 & RiAT422 H B IC3ET- L
THEFIZHE LT3, WIRFEESEEICE, RS E
BTN (T EBIEIC IR - Tz, MR I,
FEBRTRZE T ldactive 72 FEBHHIILIXFED & Nl oo 7275, A5k
A 56 =5 RIS (PR ERBETERE) T, IR ERAE L B
0, FAREEIEEICED D IS ONTEREIZ R 2 ST
ArAHAL b=V R, FVF=TVR, w7077 —JOH
I Th o7 LT D

— R IR E S O BT 2 RO, BEREE
PEIRAE L 0 b B 5 HBT 555 bhbh o)
b &, Koike®, Thompson b DHE DV T b i
BHEIEHTERO TV S, Thompson S OB 1L R 115
WCH=F A4 7270, €0%2.58MTHIELTW A
2 RIS RII T v~ 4 TERIEITL, 018
[ CHELC L 7B & iy L TV A Coffey b 13, TEISIIE I3
HLONLEHhofzE LTWEY, bROAOREH 1 TiE, H
<R A 7HETELLE BIZ9O TMRLEDZELASELS &5 T
BY, ERBUEREEOEE, w4 7100 BCHES
BIEHE CIaH 2000 Lk, $7-8E0REIX,
LI, Koike®, Thompson® D¢ i b ASfEEMIED 3~
T, 4IRS EHE L TWAED, SHObRbID 2
B, FEAICTRAFIESHERLILERE DL LATE L <, JEmEst
AL & D SHEEEE IS NI LT B b oD, ki
DI > TV B LT A b ol OHE & KR
THTH, BEHREIZIZIZARET, BHERCOAEL
EVCIIRED 5N, AL E T TOMMLEL
HWZLi3AwoT, MR BRI L 28w
Bbhs, £7:, KESLIIEROICEDEEOI L2
HLThw20»LMETH L.

BVEREE TN, IFEEEEIE LB L TRE 4 Bl H53 5.
I BRGS0 & TFil £ TORIM A 72579, Thompson &
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EFITIIRS R ENEN 6 B H, 100 A TIEEEIEHA D
bNIZEL TR0, Z IR B # 6 & A&,
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ZhEHIELTWEEEZLRS,
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AR B, DG TIIEFERBEER 7)) - ¥ A DR 5
Nz, BEHHNOF A ¥ ATHANEDS {1F, PIERE
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Table Reported Neuropathological

Clinical Characteristics Radiosurgery
Duration between Radiosurgical
Reference Radiosurgery and Dose (Gy)
Number  Authors  Age/Sex Diagnosis Autopsy/Surgery  Specimen  Location (Max/Peri)
3 Coffey 50s/M Metastasis from Renal Cell Carcinoma Aweek  Autopsy Rt Parietal 2016

15 Koike 77M  Metastases from Primary Unknown Carcinoma 22days  Autopsy Lt Paristal 30/15

15 Koike 77M  Metastases from Primary Unknown Carcinoma 22days Autopsy Rt Deep Pariefal 40/20

19 Murayama  67/F Metastases from Colon Adenocarcinoma 3months Autopsy  Multiple ?

22 Thompson ~ 65/M  Metastasis from Colorectal Adenocarcinoma 2.5weeks Autopsy Lt Parietal 33.3/20
present case Tago 58/F Metastases from Breast Papillotubular Carcinoma 67days  Autopsy  Meddulo-oblongata 33.3/20
present case Tago 69M  Metastases from Small Cell Lung Carcinoma 24days  Autopsy  Pons 28.6/20

10 Norén 72/F  Acoustic Neurinoma 6 months Surgery  CP Angle 100/10-40

20 Norén 55/F  Acoustic Neurinoma ? Surgery  CP Angle ?

20 Norén 59/F  Acoustic Neurinoma 10 months Autopsy ~ CP Angle ?

22 Thompson  70/F  Acoustic Neurinoma 11weeks Autopsy Lt CPAngle 40/20

22 Thompson  58F  Glioblastoma Multiforme 39wseks Autopsy Lt Thalamus 21.4/15

14 Yamamoto  43/F  Arteriovenous Malformation 26 months Autopsy Lt Temporal 50/25

17 Leksell 62/M  Intractable Pain due to Metastases from Bladder Carcinoma 10weeks Autopsy Lt Thalamus 250

17 Leksell 47/F  Intractable Pain due fo Recurrent Rectal Adenocarcinoma 20weeks Autopsy Rt Thalamus 200

17 Leksell 47/F  Intractable Pain due fo Recurrent Rectal Adenocarcinoma 14 weeks Autopsy Lt Thalamus 250

21 Steiner ? Intractable Pain 400 days Autopsy  Thalamus 140

16, 18 Larsson, Mair 59/M  Intractable Pain due to Metastases from Squamous Cell Lung Carcinoma 62days  Autopsy ~ Midbrain 200

, MEEFICIRRFEL TV AMED RN, ZORFL
tm FIZOANERMBDSFEL TV LTwd

COWERS DREDOAL ST, Nﬁﬁﬂ@ﬂg%&ﬁw
LR HRED GRS 55 & v ) Hi 34 n19aehman.a) - fe
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BEDHRIE 27 + 7)) J A4 FEEE, F 72N o X & #
NI AEORRE L ERE b TE /220, BT 47
VA4 FEZEIX, MEELoL> TROIEENELEZSL
NTWBAS, 40O 2 EFTIXF O RIZH S A Tlddh
572, Leksell%°Larsson 5 13200 ~250Gy O 5& i S it 5
12 & o TH LB LR I MAEBEDIESE (7 « 7)) /4 F
HWIAEIHM T 5 & b 5 ) 2506, SBIEREEER ML %
o 7o M RE# D 7 L W LTV A1 bbb OJE
Bl 7 47 7 4 FEEAEBT 2T TOMM LY & 5
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F—VADRBOLNIZETHHEIEILS VA, WD S
PRI 6D STV 5 41197192022 Apdersson 5 13 6
PEDILIED IEH B2 F#R & FVT150~200Gy BEST L, €
DIFPEM AT R & B IS EE SIS L T 508, B
%28 71 A F TORBINAT RO — 2 IZBIERAEHTO T A
b A b ORI EZT, BEH£390 H LB FEEAYAT R
ELTERRZ) =2 AT TW5Y, ik
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Findings of Radiosurgical Cases
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Neuropathological Findings

Conventional Fibrosis
Irradiation inthe

Dose (Gy)  Necrosis Macrophages Lymphocytes Field Astrocytosis Gliosis Demyelination Axons Change Chromatolysis ~ Fluid

Swelling Exudation of - Fibrotic Hypertrophic Necrotic Walls
of  Spongy Proteinaceous Blood  Blood of
Vessels Vessels  Blood Vessels
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ALBEAMEEREDLETEL T, MELHTREDOBE
T IEMEICEHEIE T E 2wvds, BHSPIBboBD L5
MEMBEFHOKE S2LHENT L L, BE»OHT-FT
DRI DOHEEL D 2 SO0, HiE L it ROMRIENielsen &
DEEEETNEFE L T neEZ LN,
Wennerstrand 5 (%, = > b O — VR RS 0RO
TEOWRIZH =+ A4 7EHVTRE L, 20%E6h9
FRBICDWTHE L Twvwa», BEHEIEE F TolEIL
3~33 L SETET, MBEHRED180~250Gy & X &%
THHH, MBFORRE» R VY—Thi L LTV,
BLRRE LT, BIRWRLEIE, ~v077—Y 0@
T, BIEEBOMMIREL 7 2 hav 4 oEEsRg, m
EREOHEIE, WBBE % S 2817 Twa, bhvbho 2
BlEdmy 2R, LBLAVTRELLLH B, Th
LD RIIHE»IZE L OBETHERSNT WS, BEHR
B, BOGIAERE, BRSTERGE, BRGTS Nk, MEsR, mat
POHRTETOMB AR LIZL D, RIS RILS F
SELDVDIILBLEEZONEY, 0L LFEERED
HIREH P i & DOBILR, BRI & ORIR % & DR
RIS BROHBRBIOER & o L R, BipEssL
& O TIEH MR 22 RE 54L& B R R 0§ 5
SUS% REMCRE 4 2 B2 H 5.

Kondziolka 5 %°Spiegelmann & (%, 1E&ERRHLEE 0 L THE
S L 7B R % 17> TwAb. KondziolkaHIdH v <+4 7
EHWTT v Mo T ST 2ME TR L, BS90HZD
TAEHIEE S RIPT R A 5 L CH D®), % 7:Spiegelmann & &
TAFTy 7 ERHCTHIZS T ST LBETR L, Bite
RO R %5 L TWw52, Kondziolka® (& il i
100Gy THI S THEAR DO LTBY, F7-

FH9E2H25H

Spiegelmann 5 (3055 & (HhLL 6084 % 12H124) 100Gy T
DO THIEIFED SN/ LTV B, ZOMEDREEIL
L w—3E2 A TS, 20Mi2d, ETFoHEIZH
A, TAPOHA b= A, MBBEIRIE, /N OHE
e, BB, FEE, Hi% EAFHESRTWS, bhvbho
BRI C L IE 5 WAL L BB B0 B S AT B DA
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