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Immunological factors correlated in radiation effect in cancer patients
treated by radiotherapy alone or radiotherapy with combined chemotherapy
Shuji Kimura

Department of Radiology, Kobe University School of Medicine

Research Code No.: 600
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Clarifying the influence of irradiation on tumor-host relationship is important to improve the
effect of radiotherapy in cancer patients, We have tried to search for the correlation between local
as well as systemic immunological factors and radiation effect,

Local immunological factors are thought to be parenchymal reaction of normal and tumor tissues,
Those were studied by morphological changes of angiographic findings and histological methods which
included photomicroscopic, electromicroscopic and enzymic-histochemical studies. It was demonstrated
that the effect of radiotherapy depended on not only local blood supply but also parenchymal reaction
of the host, Especially, the parenchymal reaction at 2000 or 3000 rad irradiation was regarded as non-
specific tissue repair as well as immunological protective reactions brought about by enhancement of the
tumor antigenicity. It was proved that T-cell system played a main role in this parenchymal reaction.

Changes of systemic immunological factors were studied in 17 laryngeal cancer and 80 lung cancer
patients treated by radiotherapy alone or radiotherapy with combined chemotherapy, Due to the fact
that damages of the host before treatment were not so serious and integral dose given to the patients
was a little, in cases of laryngeal cancer immunological parameters such as absclute lymphocyte counts,
PHA and PPD skin test activities, lymphocyte blastoid transformation with PHA, PWM and Con A,
did not show significant change. However, as for lung cancer treated by large integral dose irradiati-
on combined with chemotherapy, immunological parameters were depressed in inverse proportion to
the dose of irradiation and chemotherapeutic agents. Moreover T-cell subsets (early E-rosette forming
cells, IglG Fc-receptor positive cells), lymphocyte sub-populations, ADCC activity, serum immunogl-
obulins, and serum protein were also investigated in cases of lung cancer.,

We have evaluated the immunological parameters in relation to the therapeutic effect, As a result,
it was suggested that several parameters should be needed to forecast the prognosis.

The influence of immunopotenciator on immunological parameters and prognosis was investigated
in lung cancer, The suppression of some immunological parameters was reduced in immunopotencia-
tors administered group compared with non-administered group. Though no statistic significance was
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shown, some elongation of survival time was demonstrated in immunopotenciators administered group.

As a result, immunopotenciators indicated the tendency to prevent immunocompetence of lymphocytes

from suppression.

Secondary immunodeficiency often occurs during radiotherapy with combined chemotherapy, It

is valuable to examine some immunological parameters to avoid the immunodeficiency during and

after radiotherapy with combined chemotherapy.
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Table 1. Crude survival rates in various cancer
patients

;“:W@ﬁ:" S I (S (S R N S
i > val rate| | year 3 year 5 year
|Location —

‘ . [ 90% 75% 197
| Laryngeal cancer ) 1519) |(149/200) | (73/142)

' 94 71 64
| Tongue cancer 155719y | (92/129) | (66/103)

| Maxillar sinus | 67 40 33
 cancer (108/161) | (52/129) | (23/ 69)

| Lung cancer

39 6 4
(137/354) | (16/288) | ( 9/229)
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Table 2 Caliber change of bronchial artery and
therapeutic effect

 Effect | I .
effective |ineffective
Caliber change - T
Stenosis 8 cases () ( 3) 2
No change 5 cases | tl ( 0) 1
D1latanon 4 cases | 3(2 1
"otal 17 cases ! J ( 5) 4 I

( ) markedly eﬁ’ectwe

fo. & Z ALETEC IS N A C R
ShAHBEL, HeF 0 OECIRIC TR
Lufi v i (Table 3), G < e 2 i
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BB L0 Ry efiiia b a b LIRS . HREERT
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[, 2,000~3,000rad o[BS X - CHVER G
i< 2 DI BREBIL AR DS L 2 LRI
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Table 3 Tumor slﬂllllllg of BAG and tllLl‘clpEthlC effect in various lllst(}lngwal l)rpe<

! == Tumor staining | + s H o~ W

Histological type _lnll.l..l.m.ber of cases ; iffet..tlve (.‘fy__i-_ijf]ber of cases | effective (%) B

| Squamous cell ca. (44cases) | 10 4 (40) | 34 25 (74)

i Adenocarcinoma  (18cases) | 9 3 (33) ? 9 | 8 (89)

| Large cell ca. (llccase) 2 1 (80) 9 ' 7 (78)
Small cell ca.  ( 6cases) el 0Co) | 5 | 5(100)

i Total (9cases) | 99 8 (36) ? 57 45 (79)

J lumor staining is hardly visible.

=F+H

: Density of tumor staining is lower than that of vertebral bone,
: Tumor staining is as dense as veriebral bone,
: Density of tumor staining is higher than that of vertebral hone.
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Fig. 1 Squamous cell carcinoma of the lung

!
!
:

The tumor is stained as unhomogeneous geographic pattemn.

a. Bronchial arteriogram (capillary phase).
b. BAG-CT scan shows marked enhancement around the mass.

Table 4 Differences of tissue reactions 7 days after irradiation among each irradiated dose

Tumor cell Normal tissue Parenchymal reaction
control + -~ —~ +~+ = =
1000 H 4~= T & o~k ooy
2000rad AL + R it S B i LA N L
__000rad A~ L e r i *
1000red H H~Ht Ht H +H- +
Fo U v ok UYL G IS g U A oo B, fomERT L LColll
HEON 5 U BT C rrlL"é‘ﬁLf"., 2,000rad W MRS Y U, e, fEMlon
JE o g C "-“'ﬁ.’ﬂll”uﬂl!;lt—’) RS, RPN/ NS ET ol Y BURIE ORI & R PG5 L v ko,
L, FORPHICE S LTY v ER - IFEAR O 72, 2,000~3,000rad oY T ¥ B HE G
G S hicizh, oS T oifhERZE 1., JI41’J‘I'nJadlmﬁ(ﬂ%ﬁ'@)ﬁl ERIEC NG i,
BA. Frilan g 280 LCuw B84 Tk L HB e HFEE D % » 9 IR b s - 1
AIFHERD S 5 T, 25 Lo a5 L RIS TH B & J?; Zbhd.
HZERE TS 5 VIR CcH - 72 (Fig. 0L AEEEEED FEAEZNEF & LT
3. ok o EEICC B H D HkA ok DGFZENRE
FEABENC L DHGE 5 4, T Tl eSO MNEEINEG & &b kR sEo —8ch %

Bhnbhofzbo LB, IZREAME T L, UEMEEIL & b o f e »u
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I'ig. 2 a-naphtyl acetate esterase staining of in-
filtrating lymphocytes around innoculated MM46
tumor cells of C3H/He mice (7 days after 2,000
rad irradiation).

«-naphtyl acetate esterase staining reveals granular
reaction products in nearly all lymphocytes infiltrat-
ing around the tumor cells, which is a specific pat-
tern for T-lymphocyte identification. (Methyl green
#400)
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Fig. 3 Electromicroscopic findings of uterine cer-
vix cancer during radiotherapy.

PPD g B (7 < 7 0 v IO 46 X OF PHA,
Con A (Concauavalin A), PWM (Poke weed
XA AWMLY v BRI LRUCEE T
HaD, ek eTitE hic, VU v ~Eo subpo-
pulation =i 25 T « Billlluf, THllE © subset
(HEfE) = L€ early E-rosette JEfil, G,
FeR {Immunoglobulin G Fe receptor) B34 T Al
5 L 08 ADCC (Antibody dependent cell-mediated
cytotoxicity) Gtk A o K fillad 38 ~<is. % 7o,
(RHEPESCIERE & 4 5 e o ffE 7w T Y v
IgG, IgM, IgA DFERZATA\, IMIEHRE %
b AT,

2) HEHBEFRIER EDRELEER

W B 1782 2,000, 4,000rad A8
Bl ) v <R, WRIERTE - oz G5 o%
i ehd, —hw Fig. 4 R4, PHA i
R RIEDHER & ARk CK & AR X e - e
(Fig. 5). —Jj, PPD Bl BTIC 3 IRS A8 o 1
e & o T EA Y LT % & & bic, PPD
SCATHERE ARG g8 & [t (Fig. 6). = B
Hix PPD BOCE, s RN T TIc PRENE
Xhts “recall antigen” RIGTHD 5, [ 5 i
AN X B & A o SO EIE L Aotz

mitogen) |
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S.L) HiHiiL & bic,
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Fig. 6 Change of PPD skin test activity during
radiotherapy (Laryngeal cancer patients).
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(a) Change of lymphocyte blastoid transformation with PHA during radiotherapy (Laryngeal

cancer patients)

(b) Change of lymphocyte blastoid transformation with Con A during radiotherapy (Laryngeal

cancer patients)

3) BEIC 31T 2 BrAREEEE O REEHR

W EEE o B R BB R A 8 2 o g R g
WARWC Ehb, FlEHREBHAEENKEL,
& O IR i R LA R R R 5
e ou TR E O e ieiss & M Lo
8ol Dl A tg L L, A0 Table 5 i fg iy
LRI S LCRBEY L. 05 b
220 3 - bR o P BT, o586
L E I RERIEA A B LclEch b, T
TofiEfls:, UICC, TNM 434 (1978) & Xk %
LI« IVHEE A D T, & h bIIEENT ciciila
PEGRIFREDET LicREBIC 5 - 7.

FH Y v Bk Fig. 8 ofn<, 2,000rad
O RS 5 CHRENIE & ) ABUCE T LEEEY
f87-. 4,000rad =iz & FHEH — 7 132,000rad
DR X b IR b b, TR, 2,000, 4,000
rad RO D H\ IS ElFiE S 21, H
WA . Thbb, 2MHE X ERLTY
fo. BOEEEAT 2 — & —\FHOHER b

Table 5 Method of treatment

f 1. Cobalt-60 irradiation
| 200rad/day x 5fweek, total 4,000~6,000rad |
| 2. Combined chemotherapy
! Squamous cell ca.:
| BM (BLM 5mg x 3fweek, MMC 4mg
[ 1/week, for 4 weeks)
Adenocarcinoma:
FMC (5-Fu 250mg, MMC 2mg, Cyloc-
ide 20mg X 2/week, for 3 weeks)
Small cell ca.:
MMC+-Urokinase (MMC 4mg, Urokin-
ase 1,200U x 2fweek, for 4~6 weeks)
. Large cell ca.: FMC or BM
i BAI (MMC 10mg)
]' 3. Immumotherapy
| OK-432(2.0KE x 3/week) or PSK (3g/day)

ks XU R CFERB G BB L TET L
7z. PHA . PPD F§FILOEENCI E biwHE
e o tzpt (Fig. 9, 10), PHA .+ Con A .
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Fig. 10 Change of PPD skin test activity during
radiation with combined chemotherapy (Lung can-

cer patients).
o
3 7 % 3 :
I y

& y
2 -
R .
® | I S ...l N
4000  (rad) 0 2000 4000  (rad)
Dose of radiation Dose of radiation
Fig. 9 Change of PHA skin test activity during Fig. 11 Change of lymphocyte blastoid transfor-

radiation with combined chemotherapy (Lung can- mation with PHA during radiation with combin-
cer patients) ed chernotherapy (Lung cancer patients).
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Dose of radiation
Fig. 12 Change of lymphocyte blastoid transforma-
tion with Con A during radiation with combined
chemotherapy (Lung cancer patients).
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Fig. 13 Change of lymphocyte blastoid transforma-
tion with PWM during radiation with combined
chemotherapy (Lung cancer patients).
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Fig. 14 Change of ADCC activity during radiation
with combined chemotherapy (Lung cancer pati-
ents).
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BENHBEA~OEO—MEmMb Z Ly CcE
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iR EEZ > C, BEOKIEHREEHEY
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BB % & & dieh~7c (Fig. 15, 16, 17), -
%, 1gG IV CREff &R TR 5 » 78, =

AARESER SR EHE B8 Feu
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Fig. 15 Change of serum IgG during radiation with
combined chemotherapy (Lung cancer patients).
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Fig. 16 Change of serum IgM during radiation with
combined chemotherapy (Lung cancer patients).
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Fig. 17 Change of serum IgA during radiation with
combined chemotherapy (Lung cancer patients).

(g/d2)

8.0+

7.0 %
. _
$ é _
;j)la 6.0 .

5.0 4 )

m W m N M N Stage
0 2000 4000 (rad)
Dose of radiation
Fig. 18 Change of serum protein during radiation
with combined chemotherapy (Lung cancer pati-
ents).
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Fig. 19 Correlation between immunological para-
meters and survival rate in lung cancer patients.

Table 6 Correlation between survival period and
immunological parameters (pre-treatment)

" Survival period
= 8 months < 8 months
Parameters
[} 1002 (8/ &) 0% (0/ 8
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radiation with combined chemotherapy, with or
without immunotherapy (Lung cancer patients).
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mation during radiation with combined chemo-
therapy, with or without immunotherapy (Lung

cancer patients).
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