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Pitfalls in the Assessment of Radioresponse as
Determined by Tumor Regression:
Consideration based on the location and
histologic constitution of tumors

Kiyoshi Ohara, Wakako Shimizu, and Yuji Itai

[Purpose] To prove the following hypotheses regarding tu-
mor shrinkage after radiotherapy. Tumors located on an outer
tissue surface, ¢.g. esophageal tumors, shrink faster than pa-
renchymal tumors, e.g. lymph-node metastasis, because two
clearance mechanisms, exfoliation and absorption, ¢an op-
erate in the former type of tumors whereas only absorption
can function in the latter. Tumors which are being controlled
do not necessarily respond completely, because tumors are
constituted not only of tumor cells but also stromal tissues
that are difficult to be absorbed.

[Materials and Methods] Long-term shrinkage patterns of
a parenchymal tumor were determined by using 18 curatively
irradiated hepatomas. Preoperatively irradiated thymomas
(10) and lymph-node metastases (37) from head and neck
cancers were examined histopathologically. Twenty -one
esophageal cancers were used for intra-patient response com-
parison between the primary disease and the lymph-node
metastases.

[Results] Shrinkage patterns were generally biphasic: rapid
exponential regression followed by a plateau phase. Histo-
logically, thymomas generally consisted of predominant fi-
brous tissues and few remaining tumor cells. Radioresponse
did not predict the presence of remaining cancer cells in the

lymph nodes. Esophageal-cancer radiorespone was always |

higher for the primary disease than the lymph-node metastases.
[Conclusion] The location and histologic constitution of
tumors must be taken into account in predicting radiocurability
using radioresponse.
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Table 1 Material characteristics

Tumor group No. of cases Radiation method Dose: Gy Observation interval: day
Hepatocellular carcinoma 18 Definitive 51-82" 26-77 (59)
Thymoma 10 Preop 18-20 14-24 (17)

LN mets from H&N cancers’ 51 Definitive [22], Preop [37] 43-65 29-85 (54)
LN mets-positive esophageal cancer 21 Definitive 50-74 24-81 (52)

LN mets: lymph-node metastases.

Numbers in brackets indicate the numbers of lymph nodes examined.

Numbers in parentheses indicate median values.

# Head and neck epidermiod cancers: nasopharynx 13, hypopharynx 13, oropharynx 7, larynx 8, and oral cavity 8.

## Treated with proton beams in 10-22 fractions.

Eiro T &Y, KifgeoHaYlE, s omfseiiRz i
AL, AR T A2 il 5.

HMRELVHE

Table 1\Z7R L7z 4 HEHOMES; % b g & L7z, fEfE
TRC, BOREEFRIROERCTEES T A - TB Y, &
BRI L FE L DHETH S Z LRl Lz, —
ORI & 1) GG L ORERTSIT L, TRELAERE
SIS L BT, HEEBMOMIET W, 184
1, BUAREE RIS T, TEEHIHIREEIC B 5 W BT
ORI b7z 5 BRI 2D < BN O AT 1
it L7, CTEIfRIC X A BI%0MIL, 1~347 AMIRT, M4
Fitat 7~33 4 H, 166ITIZ120 ALLETH -7, HalilE10
B, AEATHTIRG 2 iET L, MSBIAG17~33 H (F¥25
H) IR 2 175 720 09T, RS O
B BN RIER & QMNP R & O T I W
7=, GBI LREREY o SEIERS 1HI0SoMIE, ARG RS
Bl X 72T AT IR ©, #O RIS O MRS T AT IZ B
VT % IES AN O AT, S8 O RREIES IR 047 4 & E
PR & ORLEORATIC RV, 72721, fhod 3 FEXE
DIESE & OREFH/MEROBAZIE, 1FIZ2ERKEVDHD
18D > 258 (S11E) &2 A vy, ARaTERST ) > 2 SEi O AT I
1, 30HI37{E & BV 7z, ) voSEERS w0 S EE R LR
21000, JREERREL L ) SRR L OB Y, F—4&H
TR R 2B SN0V TH L. BHEES (F%
TRHL) & B RIESE (1) >/ SESIERE) & olEEE M & [F—
FEGIATIB L, #SMIERE OS5 & RAEd 2012
7z,

TSR IG e L BEBE DO FHAE & 1o W T ORI YT 5
CHRIZER D, HROBE % Table 1R L7z, EHOKAE S
(&, HEERIROCTHEZ H\v, ZolfHEfiza Ya—%
702 Z ANIH Image ® IV CRHII L 72, FRHIFHE &) >
B DWTIE, MES R E A% L, FHU L 2@ 0k
WA SRR S L7z, BRIEICowW T, FEEHSAR
BERTHhoOREPZ D6, BEEOEAT A A OKIE
2R LT E ko, AEROHNERICDVWT
&, BEURSTRE L) 2 IR & ORI RE Lk L7z,

1245 A25H

LB, FRWEICHE LU CIRIEHEHL, FEEH A oW
it & I A E OB 7 7% L5 TR 72,

[ DfEIMERIZoVWTIE, 785 A— % & L CHEEH/

L NEEH/AR & &R, BERHER %) IXTO
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R=100"(Vo— V\)/Vo, T ZTVoldBEIOMEEZ, VI3
WROMEEYERT. 4B, FREoWwTiR, BEE%RY
[EEAERI (26 ~77TH) OFFE# V1 & L TR L7, IR
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PHIEH L7,
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JERETAE (BT, MR TREBIE I CHE N LIHET 2 b
DHAHRBNTA, L TREVIEE TR AN OHAER
BT AN A SN (Fig. 1), Thbb, FRERRGEHED
AR F TR ICHIN L, Z0BROEZHESICB
WTIE, BEBHIIZ L A LR Lavd, fih L THEREEIC
HFr@EAEASLNT, ZOE—HEIEIERME O
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2. WAEREE ORI

4 FEOWERIES ORI L, KOIEIC BTl 3 1§
BE ) HHEEICE, -7, 3 MEHICIZHEE Do
7o, BBERTARE & s, SR ORI HE/ NV EC & Table 227K L
7o, HRGTROACRIE, MORRRE, NERIRRAE, AN LoEE
B, TEEEEMR ) o EIERONICI KX {, 4EEHTENRE
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Days after radiotherapy initiation
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& N Fig. 1 Tumor-volume regression curves of 18
A . b o} .\o-—-c . hepatocellular carcinornas after initiation of cura-
0 150 300 450 750 | tive radiotherapy with proton beams. Generally,

tumors show a biphasic pattern of shrinkage: an
initial phase of steep exponential regression fol-
lowed by a phase of slow regression or a plateau.

Table 2 Parameters in patterns of parenchymal tumor shrinkage following radiotherapy

Pretreatment volume

Rate of shrinkage Slope of shrinkage curve®

Tumor group

Vo: em®; median

R: %; median S:day™' x 0.001; median

Hepatocellular carcinoma (n=18)

Thymoma (n=10)

LN mets from H&N cancer (n=51%)
Difinitively treated LN (n = 22)
Preoperatively treated LN (n=37)

Cancer-cell remaining LN (n=15)
Cancer-cell non-remaining LN (n = 22)
LN mets from esophageal cancer (n=21)

29.3 (4.0-267)
337 (140-810)
1.7 (0.15-55.3)
2.0 (0.21-15.4)
1.4 (0.15-55.3)
2.6 (0.25-23.9)
0.8 (0.15-55.3)
3.9 (1.3-57.0)

4.94 (0.40-17.96)
26.19 (10.99-40.50)
12.34 (0.13-36.97)
19.20 (0.13-47.07)
9.32 (0.25-45.39)
8.97 (2.53-16.43)
13.86 (0.25-46.39)
9.92 (0.61-13.08)

49.8 (5.3-83.0)
62.3 (39.7-77.7)
80.1 (1.9-99.7)
92.3 (1.9-100.0)
65.1 (3.1-99.9)
60.5 (24.2-86.5)
71.0 (3.1-99.9)
64.7 (7.7-90.1)

Numbers in parentheses indicate the range.

R =100 %(Vy, — V) /Vy, where V1 is the posttreatment tumor volume.

# The largest LN in each patient were included.

## Tumor-shrinkage curve equation: Vp = V% 1075*P, where D is the days after radiotherapy initiation and VD is the tumor vol-

ume at D days.

W, FFMIRERE, MORSAE, 35X OVEDEREY) LoNEiER L Y
bEhozdt (%4, P=0.0015, 0.0469, 0.0380), 3 i
M TIIHEELZRO o7z (Fig. 2). fivhaEIE, MNGIE
IZBWT, e, SR o EER, B L URE
B o EERE LY SEETHY (B4, P<0.0001, P=
0.0029, P=0.0005), JF#ifgfEicB\vCid, SRR ~
INEREEAE (P = 0.0005), BXUEERY » 1 HiEH (P =
0.0371) £ ) b A EILBL D ThH o7 (%%, P=0.0005,
0.0371). BHSEEHEY) > \Eifnfs & fERR ) > HifmB L D
B IEA BZEITRBD 25 72 (P =0.1323) (Fig. 2).

3. PARREEIC & 1) D HEMFA0RR R &/ e

TR IE 1061 o JE IR RIRLARIE Y 1%, 1) >/ NEREEALR 2 41,
bR BEAL R 2 61, RAET 6BITH 729, AraThasten
FaBRAEEE L C, MMEHEL, BIEHAR, B X UG L
U CHESS LRz, v >/ sekil OB & TR S h
TWeY, 1) Y38kB L ORI B ALR < SAetk F
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oo o, WK 7238 L7 ERE I3
AR EOERERD Db DO0E o7z, R
1203, SRAEHLER AR % e, TR LI AT s
B OKEE1~10% % 5872 b D (grade 1 2 E3) A2 60, 1%
Fiili 7 5872 D (grade 2) A% 6 B, HIE AR S
Ndrozb D (grade 3) D52 HITH - 7z, FBfF LD
FRRE & JEHE DA/ NRAE OIS HR/NA B & O RN B 2
- 72(Fig. 3). F7z, HMBEIER & JEE M/ 0N NG
Al & OB S B 2o 7,

4, TESBERE') L NENEEREIC B T S BIEIEIEMI OE & & i
IR

MIATHRGT ) 7 SE IR ERO I LT, SMERREE, 158
AAE, ) vosHR, A ROAY, BTEBLUE
BAlfa A SR S T iz9 . B OREE 2 1) ~
JELSAE (R tERE) &, Bed b - 722218 (BREEE) & DS
AR, BURTRKEWCEMIES 28, FREI 2D
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Fig. 2 Box plots of tumor response parameters for four
I kinds of parenchymal tumors: 18 hepatocellular carci-
! nomas (HCC), 10 thymomas, 51 lymph-niode metastases
from head and neck epidermoid carcinomas (H&N; LN),
and 21 lymph-node metastases from esophageal epi-
- dermoid carcinomas (Esoph; LNJ. The regression rate
i indicates the extent of tumor-volume shrinkage, and the
slope of regression indicates the exponent S in the fol-
lowing exponential regression equation: VD = V010750,
- where VD is tumor volume, D days after radiotherapy
initiation, and VO is tumor volume before radiotherapy.

The box indicates the range of the 25 th and 75 th per-
centiles with the median value, and the bars indicate the
10 th and 90 th percentiles.

Slope of regression (x 0.001, day™")

100 : : - ’
O = %
80 :
S ¢ =
£ 601 !
5 R l
2 40 >, -
=4 flfy
& 20- l @ .
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0 Q ; Q .
45 : : : :
S 40 O s
g 35 1
S 30
“é 25 - -
e 20 -
g 15 - &
£ 104 E é’ -
=} 5 4 é
‘é 0 = T T é‘?
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100
80
~ (O)
X 60 ] Qé@ C’(@ :)
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&) 4
0 .
o 10 20 3 40

Fig.3 Tumor response parameters of 10 thymomas in conjunction
with histologic response. The regression rate indicates the ex-
tent of tumor-volume shrinkage, and the slope of regression
indicates the exponent S in the following exponential regression
equation: VD = V0"10-5°°, where VD is tumor volume, D days
after radiotherapy initiation, and V0 tumor volume before radio-
therapy. Closed circles (n = 2)indicate the histologic response
of grade 1 (remaining epithelial cells: 1 - 10%), double circles
(n=6) grade 2 (remaining epithelial cells: < 1% > 0%), and open
circles (n = 2) grade 3(remaining epithelial cells: 0%). Tumor
response parameters do not predict the histologic response.

272 (P=0.059). F-MEMT, MARKIIBNTH(P=
0.178), #/IMFECIZBVTH (P=0.138), FEETEDOL
-7z (Table 2, Fig.4). 7B, WIEME) > E & ATaiER
) 25t E ORI ICEEERAON P72 (P=
0.900). LA L, fii/hREfMi/haiil, WBEHES) » 1 Eo
TSRS ) o8 & h b < (P =0.0003), 2P =
0.0004) T& - 7= (Table 2).
5. BEEOERRRE L) >/ EEE & Ofp/\E
JFEEIRI &) v NEiRE & O BRSRTT RIS 4, 2.3-
14.4cm? (H92E5.5¢m?) & 1.4-17.9cm? (F194#3.0em?) T, 4
RN BIREA K E D272 (P =0.020). IR 0N
) NEEE R O TR D ERIE A 4, 38.3-96.2% (HULfE
79.5%) £5.3-78.6% (1 9Miti52.2%) T, BEEFHEIIBWTE

Fk 1245 H25H

BT 72 (P <0.0001). &5 |ZHmfEm 1L, fER
HEEIZBWT D, FEBEOTH) G L D b F
B Do 7z (Fig. 5).

z =

W BEG O EO—D Th A IS ARG IR ST,
BLC Mt of e B Lz, IRIEHS, Z0%D
FERBEIC BT O EHIEL DT, HlE S s
NTW3, [0 "M/ NERIL, MR, HhIHEERE
WO TIEHGERED ) > Eilnfs?, FiaLReE', dmirEaiE
PR ECBVWTHEESh WS, 2o lMERENERD
B %, Bataini et allXHEHRIBHHC & o THERE S5 HE
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Fig. 4 Box plots of tumor response parameters for preoperatively

irradiated lymph-node metastases from head and neck epidermoid
carcinomas in relation to the histologic status of remaining can-
cer cells: positive (Pos, n = 15) or negative (Neg, n = 22). The
regression rate indicates the extent of tumor-volume shrinkage,
and the slope of regression indicates the exponent S in the fol-
lowing exponential regression equation: VD = V0'10-%'°, where
VD is tumor volume, D days after radiotherapy initiation, and V0
tumor volume before radiotherapy. The box indicates the range
of the 25 th and 75 th percentiles with the median value, and the
bars indicate the 10 th and 90 th percentile. There was no statis-
tically significant difference in response parameters between the
status groups.
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Fig. 5 Intra-patient comparrison of the extent of tumor shrinkage
in cross-sectional area between the lymph-node metastasis and
primary disease of 21 esophageal epidermoid carcinoma patients.
The extent of tumor shrinkage was always higher for primary dis-
ease than for the lymph-node metastases.
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