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Image-Based Assessment and Clinical Significance of Absorbed Radiation
Dose to Tumor in Repeated High-Dose 131IAnti—CDZO Monoclonal Antibody
(Rituximab) Radioimmunotherapy for Non-Hodgkin's Lymphoma

Byung Hyun Byun, M.D.1, Kyeong Min Kim, Ph.D.z, Sang Keun Woo, Ph.D.z, Tae Hyun Choi, Ph.D.z,
Hye Jin Kang, MD.’, Dong Hyun Oh, MD.", Byeong Il Kim, MD." Gi Jeong Cheon, MD.",
Chang Woon Choi, M.D.1, and Sang Moo Lim, mD.'

IDepartment of Nuclear Medicine, Lab. of Nuclear Medicine Basic Research, and jDepartment of Internal Medicine, Korea
Institute of Radiological and Medical Sciences, Seoul, Korea

Purpose: We assessed the absorbed dose to the tumor (Dosewmed by using pretreatment FDG-PET and
whole-body (WB) planar images in repeated radioimmunotherapy RIT) with ™" rituximab for NHL. Materials and
Methods: Patients with NHL (n=4) were administered a therapeutic dose of Y| tituximab. Serial WB planar
images after RIT were acquired and overlaid to the coronal maximum intensity projection (MIP) PET image before
RIT. On registered MIP PET and WB planar images, 2D-ROls were drawn on the region of tumor (n=7) and left
medial thigh as background, and Dosewmor Was calculated. The correlation between Dosewmor and the CT-based
tumor volume change after RIT was analyzed. The differences of Dosewmor and the tumor volume change
according to the number of RIT were also assessed. Results: The values of absorbed dose were 397.71646.2cGy
(53.0~2853.0cGy). The values of CT-based tumor volume were 11.3£9.1 cc (29~34.2cc), and the % changes of
tumor volume before and after RIT were -29.8+44.3% (-100.0%~ +42.5%), respectively. Doseumor and the tumor
volume change did not show the linear relationship (p>0.05). Dosewmor and the tumor volume change did not
correlate with the number of repeated administration (p>0.05. Conclusion: We could determine the position and
contour of viable tumor by MIP PET image. And, registration of PET and gamma camera images was possible to
estimate the quantitative values of absorbed dose to tumor. (Nuci Med Mol Imaging 2009:43(1):60-71)
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Table 1. Patient Characteristics

0L B fiimah BARICHRE

o) oz W T FRMUH T gage B
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1. W

o] oA 2004 F-E 2007 d7FA] LA A1 aet
stawiel tia] E-5AQ1 vexl gag FAXEAM B
Qo) ¥ %A rituximab (Mabthera®, Roach)& o] 4
HAFAAREE 33| ol Ald e $EATol| A, WA
g A 7Y ool #3% PET/CTHEAS vHZ2gA C
o] 3tk Aol A FHe Y FEE(HEH, 4% 2
9 5) 3 g&st A l"i:"] 7hsgk @74 10 mm o]’ge]
Hed Havh #EE s $ES e R siHY g4
e F 4HOEA ol F 29 WA, 23S Ao
J, A% 49541194 ZATH o2 = MEA Y €
%(Mantle cell lymphoma) ©] 7 H, SMEA B-AX &
EZ(diffuse large B-cell lymphoma)® AFA I
(follicular lymphoma) 2A7F 22t & H4 =3

»%JR(“.?L‘OEE

Characteristic Number of patients (%) (Table 1).
meldior’1l %%e (range). years 4954119 49 9] BAEA HAIHAERE o]Ho]| PRET/CTAA
ale. 3 2(50) .
Histological feature 24 7 HAES BT g HAES §3] d=E
mantle cell . - - -
diftss large B-coll R ERHEE 93 MaRgEdo) ooy, ¢5 Argy
follculer 125 =3, FAGEEH, AEFUFIY=A, Yz
Table 2. Absorbed Doses of Tumor and Therapeutic Characteristics
Pre-RIT % change 0
) No. of  Absorbed dose Pre-RIT % change
Pt. No.  Cell type Site . tumor volume of fumor
RIT (cGy) (o) volume SUVmax of SUVmax
1 DLBLY I Rt, axilla st 112.9. 2.95 -73.1 11.9 -91.4
2nd 279.5 5.67 -65.4 9.0 -40.9
3rd 118.3 6.99 -55.8 8.9 -81.8
Rt. inguinal Tst 76.3 4,03 -73.1 6.6 -61.5
nd 2325 455 -565.2 42 -67.2
3rd 111.8 3.24 -69.7 54 -82.5
2 mcL? mesentery Ist 2853.0 571 +115 9.1 +18.0
2nd 372.7 10.38 +16.2 8.6 -10.6
3rd 265.8 9.86 +6.9 10.1 -8.5
4th 325.6 13.12 +2.4 11.1 -11.2
3 mcL? paragortic 1st 140.1 7.34 +30.3 48 1+25.6
2nd 160.4 9.08 -63.6 6.0 +1.8
3rd 85.0 32.89 +10.0 77 +14.9
Rtinguinal Tst 65.7 2228 -100.0 44 -100.0
2nd 1854 11.55 +42.5 34 -7.0
3rd 1803.0 4.87 -7.6 3.0 +36.7
4 FL aortocaval 1st 2419 13.16 -33.7 9.4 -33.2
2nd 7320 3.47 -100.0 7.2 -100.0
caval 1st 207.6 10.1 +21.2 13.5 -15.4
2nd 231.0 34.21 -18.0 12.8 -26.7
3rd 53.0 21.99 51,7 94 -65.8

*RIT, radioimmunotherapy; 'DLBL, diffuse large B-cell lymphoma; TMCL, mantie cell lymphoma: SFL, foliculor lymphoma; -, decrease
of tumor volume after RIT; +, increase of tumor volume after RIT: "Rt, right
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2 7ISol A gz do] 4+ oIt & 15
2ES MY EY 3 mE) EFSEE 235 2
gk WA 10, 38 X183 HAL 5, 18 43) X8
A7 A deEbA, ATAYAE § Hae S5
A 9 Pzt gk Hrpb & 213 o) Fojmt
(Table 2).
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2. Rituximab®] “'1%A]

Rituximab 1082 @ WAL ST 1 YR}e] H&E %7
3t7] 918k rituximab "5 jodo-bead = iodogen©]
ST tubedl] B A2 1A17F BR 3T o) EA
A" P FA] rituximab®) ¥]¥ALS (specific activity)-2
10 mCi/mgelit}. EAWEo] ¢hgd ¥ %4 rituximab
< 1-4 mg/mLo FE7F HEE A IFE Ml
A% o FARAE VEC

Blo g #A9 rituximab FAHS) FRE TS 7ko]
Hrleth WALE e &1 918l Pl A rituximab
& acetoneS ANLvlZ Flo oA FAZvPEIHZHo|
o2t ANEle] AEF L, YRR olg)e] MleS & Wb
AP} 10% o138ttt WA F ] &91E s ZruixEA
ol ZvA2HEZU|EY % AHEYSAY k)
s S2ARL o) Ag GA ZAE P 0)9)e) v
< FUARSY 03% ol3tdth drElgol AEEA ArE
A3 SAtol FL=E P A rituximab FAMA 02 mlE
limulus amebocyte lysate (PYROTELL®, Cape Cod)
single test vial o 23 37CoA 1A1ZHEQr ¥H2-3) T}-8
AP ARE AT, A3 &2 AA A 168 EU
o|3llS ISt FFAHES A viPHoE F2y
- HMAZAT = Id) 9 35 APt Al A
& #AAE 95t FTM (Fluid Thioglycolic Medium) 3 2
& AAFEE 93] TSB (Tryptic Soy Bean Medium)
of I #A rituximab FAH 01 mE 7zt FE2E,
30-35C e} 20-25°Coll A 14 o] vl sl 3-5UA| ol 13),
7-9 Aol 13 E uYHIT 7R BF 33, 79 389
FEE BFsd Aol AA Ge&g Fsignt Pl &
A rituximab FARAIQ] AL BN FEE ghegdo]g)
3, pHE 45-809 He ol ASich

3. WAPHA g

HAMAA RIS o] "] A AHXZAM diphenhydramin
acetaminopheng FoJ &ttt o] F HWALA Al AolA] ¥
o] EAE R &2 rituximab 70 mgg 52 7F Ao A A
FAr ¥, 2 olo] P m2)(72705+12765 MBq, (1965+
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34.5 mCi)) rituximab& 158 ZX A9 FA}sla vpx| gt
o7 AYHET 20 ccE FUIE FAIAY AR B &
A9 Aubr, $EF 2 A-E HIE ASHoE 33
Atk BE SR ARG AR 29 AFH Luga &<
B&3les sigleon, A8 A FA 7 EAeA A7
e FE AEe g 5, 29U FMS AekTh

4, 7 EE o) &3 JAHE YAt 29

AEGXE GAY S = LR BYPFE7|7t F3
# olEF = vz el(Bodyscan-Scintron, MiE Germany)
7} o] £ Hth A7t A AEleA TCo HHAAEL o]
23te] FuMEA(blank scan)S AlFsET, U1 EA
rituximab$ A9 FARE7] Aol 2 Fxtol| gk £
<3 (transmission scan)& AIH3FATE P EA rituximabg
Fo5R] 58, 6A17F 24A17F, 48A17F & 72X Foll 4zt
7l FHalgE o] 4-ske] Ml tis) A (anterior) 3 ¥
H(posterior) HHUWEFFE Al dAk 7z HHwE
F4E 58 o, PHITERE A BX PA5FY
F4 3 A B3 A ARE-E] S8 10709 #F
¥ (standard source) & FHISIA FA}pe] F SHel| 37
A Z9E 9k FFEAYES AF 2 omsl FL E~
g ulojge] Ztzk oRE WAE(9.25 MBqg, 185 MBg, 37
MBq, 555 MBq % 74 MBq)< Zt< 3 cc H#39] A3
< A9 AR TH(Fig. 1.

5. PET/CTY &9

EE BAENA WAMEHAXE A 7Y oo F=EF9
W71 A BEHo=2 HAMHARIE F 17€Ee] He Al
A AEEE H7HEH o7 AN PF-FDGYARS ATk A
A PETY3E 5SS 98 52 PET &7 A Fol= 64]
7h o] F23I=E S, FDG 7o A &A% g9
o] 120 mg/dLE &3l A itk x5 ANE
ooll+= Biograph6 (Siemens Medical System, Knoxiville,
TN) %+ Discovery LS (GE Medical Systems, Waukesha,
WI) PET/CT 27147t ol&5ith did3AELS FDG
(370 MBq) & AHUFAIR Fo] W2 & 505 7
$-o PET/CTZANR o]53te] ANERFS 3ttt A
PET/CTE%2 CT 9/4€ 94 94 ¥ W& PETH4S
AAY, CTEAYSA =PA= AHEsHA &dth F
PET/CTS] ©@9 bedd #YA17HE Biograph6s= 4#°1%
2, Discovery LS+ 6%-°]3lth. 5 PET/CTS PETSAMA
TAAE CTH4E o8 ZRAS 2Fe OS-EME

= ol&3Th
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Figure 1. The coronal MIP PET image (B) was overlaid to WB planar image (A) by means of
registration using 4 fiducial marks (bilateral shoulder and buttock) implemented in AMIDE
software. Registered MIP PET and WB planar image (C) and the coronal image of CT scan (D)
are shown. Arrows indicafe the fiducial marks, and arrowheads indicate the region of
abdominal tumor,

6. Zrvlziv e o

AH G4 PETRAS 3
Zeisteete) He @ ) 1

o PSS 4 EA
7 7184814 <t (geometric mean) A4 2 W sl T
Zy A7 71818k et el E gt A PETSA

9] #dH(coronal) ®  HNFE=FAH Maximal Intensity
Projection, MIP) 243} Z3 (overlap) 3F3th. zabobd 2
o] HA Q743 PETS MIP9del $HE Sls) 5 Al
A Z¥z}h 3] ool 429 (horizontal) &8 18 M7} W
29 <} AAlo] 4 (vertical) 22 1.2 Ho] vhl:= A
2708k Wge] 7P ol BRI FHoE 1L Myt 4
A ol(buttock) 7F Thd= A 270 5 & 4709 s 3ta A
AE(landmark) & EASHEY 1812 AABYF FAW
PETS 43 Zepte}l HHGAS JAe) £3H7)50) =
FE AZEYSJ(AMIDE, http://amide.sourceforge net,
Molecular Imaging Program at Stanford, CA) & ©]-83}«
3] AAEE F ABEE AP R ZHAAS &
PRk (Fig. 1).
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Tumor

Background

Figure 2. On registered MIP PET and WB planar images, both
2D-ROIs were drawn on the region of fumor and left medial
thigh as background. The shape of 2D-ROI of tumor was
determined from the MIP PET image.
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m (D
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0.366 rad-g/uCi-hr (=2.762X10™ Gy-kg/Bqg-s) 2] & o)

64

Radioactivity(MBq)

o » “ 6 80
Time(hr)

Figure 3. Accumulated radioactivity of tumor region was
calculated using the time-radioactivity curve of tumor region.
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vt Ete] HH G gl NS FAAG (count
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&e A (3) ol st 7 A FFE S WS
T f9h 22 HoRE A AFE gHE NG
Aol 71steta B ()4l tidste] w7 (back-
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THe Wb S T Cl2RH FF AA ] A
T FAS A FA opwA e AMdstd ¥ FAW

A5 F(mCi*hr, 4)S sl cHFig 3).

¢



1 9] H=R01 ) ruinh LA

4 @01M m & F) ARozA wAlEe A7 A
179 olthe] 25 PET/CTS| CTHAO 25e 9 7]
SV WHOR T TP ¥ 3lo) Foke] W7} | g/eco]
2 7Hgstel Axksa,
10 SARAAE F FPY I W e
PR RS W) A 15 o9} 1Y T 247t
Y& PET/CTAAZ Q& CTHAIA Lol 7123 1)
o} 7o) Zhzh T8 FF] B ENE o) FAL ol&
Slo} WA R AT TN WL A

3 3] sk (%)
= (A8 F FE9(ce) - AR
100(%) / As A F%H9 (cc)

A FEFA(cc)) x
4)

ZokR Qo] MAoA HAPAEXE 1Y & PET/CTOl
A F2AR FDGAAZ7E 270] Ak Has CTI94

ANA ZE Hart Rolya: $43) Akl Aoz A
Ciai =4
11, AR E T SUVmaxe #sks

HWAPHRREE ¥7] A 157 oluigt 174 Fol) 22}

293 PET/CTHANIA QoM 71&3 Wiz 73t
SUVmax2RE SAHEARE AFe SUVmax ¥&S
tha3 2ol AlAkstsith

Z%9 SUVmax W34 (%)
= (A8 ¥ SUVmax - A5 A SUVmax) X
100(%) / A& A SUVmax (5)

AP
27} &3] At}

PET/CTelA =422l FDGAHH

\:‘r &
E T
A WA= SUVmax =022 #A431dc)

& 09 FEAS RUANL, PHAA A5 1k 2

= ANOVA Eﬁ]“@"ﬂ A gate] A Baoe &
ARAE 22 TH(SPSS, SPSS Inc., Chicago L) & 9
L339, A3 FAAL pgk 0058 7= A3

3

OiNEE

010 T S S BT S 9l

50,00
©

25.00 °

— 5,00
[+
R ° o
[ % &
g o000 ©
g °
3 o
g -z5.00-
3 o
g
2 -50.00-
o 000
: o
75 .00
~100.00~ o o
i l
0,00 500,00 100000 150000 2000.00 250000 3000.00

Absorbed radiation dose{cGy)

Figure 4. The absorbed radiation dose (cGy) to tumor and
volume change (%) Imonth after the radioimmunotherapy
showed no statistically significant correlation (p=0.180, r=0.304).
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Figure 5. (A) Absorbed radiation dose (cGy) and (B) fumor volume change (%) 1 month affer the radicimmunotherapy were not
statistically significantly different according to the number of radicimmunotherapy (>0.05). (Thick horizontal bar: median; box:
interquartile range; thin horizontal bar: extreme cases of individual variables; *: outliers)

B-cell lymphoma) $AHn=1)olA Z%R i H&L
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&L -51+43.6%(-100.0~+4252%)0|om, AFA ¥
ZZ(follicular lymphoma) EAHn=1)cA] FFRuje]
382 -364+445% (-100.0~+21.2%) )3t}

HIAMHY A E § F%9] SUVmaxs 5,636 ($Hiad~
114) 22 -3364432% (-100.0%~+36.7%, -+ SUVmax
9] ZA2E vty +& SUVmax® Z71E 9v|§h 9
SUVmax WH3H-& B4t

4. FF0) BF FFAF% 29 wse
ZU0) B FFAUH FERH Asg AololE fe
gt AAEAIZE AR THp=0.180, r=0.304, Fig. 4).

5. MAPHGA S O] MIERA |E FFo Ry W
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451% (-100.0~+425%), 332+ RITOIA -27.9+446%
(-69.7~+10.0%) 1213 433} RITNA +24%°10th

RIT®| 2zt 3zt wE 9] Fd FFA%3%2 133
RITOI A 5282+674.6 cGy (65.7~2853.0 cGy), 23x} RIT
NA FFe] HF FFAFE 313346721 Gy (1604~
732.0 cGy), 3312} RITONA F%9 Hf FTAFL 3561+
676.9 cGy (530~1503.0 cGy) “18] 1 43} RITANA
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& TFAFL 3956 cGyolArk

HAPH AR 5] whEBlaeo) wheta] £9ko] Ky W3Eke
p=0905, ANOVA) ¥ Ha 543 (p=0942, ANOVA)
£ 5938 2o|& Holxl ¥UrhFig. 5).
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