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Abstract: We performed immunochemotherapy using a continuous infusion of recombinant
interleukin 2 (IL2) and intermitten{ one-shot-irljections of Adriamycin (ADR) administered

directly to the hepatic artery in 6 cases ofadvanced hepatocellular carcinoma(HCC). Although the

observation periods were short, the tumors reduced in size; most notably, a massive tumor in the

right lobe disappeared in one case. After reviewing the 6 patients with HCC, we demonstrated a

possible cause of ADR as a kind of immuno-modifier. In an in vitro study, the susceptibility of

sttbpopulations of lymphocytes to ADR was variable with the suppressor T cell being more

susceptible to ADR compared £o the helper T cell. In HCC patients, the ratio of the suppressor T
cells to the helper T cells (suppressorl helper ratio) was significantly higher thaR that ofthe healthy

controls. Thus, following the admiRistratioR of the optimal dose of ADR, specific decrease in the

suppressor T cell and increase in the helper T cell in response to ADR can be obtained for the

recovery of the suppressorfhelper ratio. Moreover, ADR-treated lymphocytes of HCC patien£s
exhibited constant killer activity iR the presence of IL2. Altkough the optimal dose of ADR for

clinical use rnay be withiR a very narrow range, ADR comblned with IL2 following tumor
mass-reduction treatments may restore the immunity ofadvanced HCC patients and prolong their

survival.
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INTRODUCTIeN

  Recent increases in the incidence of discov-

ery of liver cancer have led to the introduction

of various treatments to improve its prognosis.

It is cer£aiR that, on the one hand, the principle

ofcancer therapy is the early detection ofsmall

tumors and the early curative resection. On the

other hand, there are many cases iR which it is

not possible te perform curative resection

because of multiple and diffuse liver metas-

tases, portal invasion andlor distaRt rnatastases.

The effects of traRs-arterial embolization
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(TAE) have been noted in the treatment of

hypervascular hepatocellular carcinoma

(HCC), however, its disadvantages and the

limits of its clinical application in advanced

cases have recently been reportedi'2).

  In l987, we tried adoptive immunotherapy

using recombinant interleukin 2 (IL2) both

with and without lymphokine activated killer

(LAK) cells in the treatment ef advanced cases

of liver cancer3-6). However no reduction in

the size of the tumers was observed, and this

treatment was not expected to extend the
survival periods. In addition, there were severe

side effects such as high fever, ascites, jaun-

dice, thrornbocytepenia, etc. After several cli-

nical trials using IL2 as a basic immunother-
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apeutic drug, we have, since I988, adopted an

immunochemotherapy regimen of continuous

infusion of a large amount ef IL2 and inter-

mittent one-shot-iajections of a small amount

of Adriamycin (ADR) directly into the hepatic

artery. Even over a short period, our clinical

experience is more satisfactory than with pre-

vlous treatmeRts.

  The aim of this paper is to elucidate the

mechanism of this immuRochernotherapy
through anaIysis of the functions of lympho-

cytes, especially the rele of ADR as a kind of

immuno-rnodifier. Although there are a few

reports on anti-cancer drugs acting as
immunomodifiers7'8), we have fbund ne clinic-

al or experimental reports on such a function

of ADR in HCC ptieRts.

MATERIALS AND METHODS

I. Clinical study

  Table I shows the clinical review of the 6

patien£s with HCC receiving the present im-

munochemotherapy. All cases were of adv-

anced HCC treated at our departmen£ since
I988. In the macroscopic stage, accordiRg to

"The General Rules for the CliRical and
Pa£hological Study of Primary Liver Cancer"9>,

2 cases were Stage III, S cases were Stage IV-A,

and 1 case was Stage IV-B. Three cases had

severe portal invasioR. Cirrhosis of the Iiver

was present in all cases. Their respective

clinical stages were II in Case 1, III in Case 2

and I in the remaining cases9). All cases, except

Case 2, underwent laparotomy, which involved

cannulation ofthe hepatic artery and cholecys-

tectomy. Cannulation was perforrRed in order

Table 1. Clinical review ofHCC patientsi) recelvln g immunochemotherapy.

Case ID No.2) Sex Age Stage3) Cllnical

                              Stage4)
Pre-treatments of

mass-reduction

IL25) ADR6) Duration7)Effect8)

1 0401195 M
2 0225429 M
3 0857451 M
4 0488109 M
5 e512181 M

6 0902107 M

53

54
53

44
58

52

IV-A
 III

IV-B
 III

IV-A

IV-A

II

III

I

I

l

I

TAE
TAE
TAE+right lobectomy
TAE+left lobectomy

TAE+
lateral segmentectomy

posterlor segmeRtectomy

TAE+
lateral segmentectomy

1OOO

 500
 soe
 500
 250

10

IO

}o

IO

10

500 10

425
276
254
199

192

S9

CR9)

NC
Ncio)

NC
NC

NC

l
)2
)3
)4
)5
)6
)7
)8
)

9
)}o)

Liver cirrhosis coexisted with HCC ln all cases.

Identification nttmber in Yamanashi Medical College Hospital.

Macroscopic stages according to the TNM classification[9].

Three clinical stages classified according to the clinical and laboratory findings [9].

Doses of continuous infusion of IL2 (×l,OeOUIday).
Doses of intermittent iojection of ADR (pag).

Number of days of the immunochemotherapy up to October 28th, 1989.
Judgement of effect [IO]. There are four categories; Complete Response (CR), no evidence of disease

with complete disappearance of all lesions lasting more than 4 weeks; Partial Response (PR), more than

50% decrease of the addition of the diameters of all measurable lesions, with no evidence of Rew ones;

No Change (NC), an objective response inferior to 50% or an increase lnferior to 25% in one or more

of the existing lesions, and Progressive Disease (PD), increment superior to 25% in one or more of the

measurable lesions or the appearance of ltew ones.

Tumors in the liver disappeared on tke CT image (See Fig. I).

A metastatic tumor in the medial segment of the remnant liver decreased less than 50% in size, re-

mained in the category of NC, but a coin lesion with a diameter of 2cm in the right lung disappeared

on tke chest X ray 2 months after the start of this therapy (CR of the lung metastasls).
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to adrr}inister continuous infusion of IL2, and

cholecystectomy was performed so as to pre-

vent necrotic cholecystitis, which often occurs

following arterial injection of anti-cancer

drugs with lipiodol. The other end of the

cannula was connected subcutaReeusly to the

infusion pump (INFUSAID@). In Case 2, the

cannulation of the hepatic artery was per-

formed using the modified Seldinger's selec-

tive angiography (SAG) technique. To achieve

pre-treatment mass-reduction, TAE was per-

formed in all 6 cases and hepatectomy was

additionally performed in Case 3 to 6.

 The infusion pump set has 2 perts, l was for

one-shot-iajections and the other was con-

nected to the reservoir from which
O.25-1.0×106 units of IL2 diluted in about 5

ml solution was infused daily to the hepatic

artery. In order to refi}l the reservoir with the

IL2 solution and administer the one-shot-

iajections, patients visited the hospital as out-

patients once a week. Ten mg of ADR solution

(dissolved in 2 ml of the physiological saline

soltitien) mixed with O.5 to l.O ml of lipiodol

was ajected once a week, Lipiodol functions to

lengthen the retention period of the drugs in

the tumor. When liver dysfunction became

severe, the week}y interval was extended.

  This c}inical study was performed accerding

to the guidelines of the Declaration of Hel-

sinki.

II. Experimental study

  Patients: Studies were perfbrmed on 7 pa-

tients. Case 4, 5 and 6 ofthe clinical study were

analyzed in this study as well, but the other 4

patients were not the same. In the macroscopic

stage, 3 cases were Stage III and 4 cases were

Stage IV-A. Cirrhesis of the liver was present

in all cases. Their clinical conditions seemed to

be similar to those of the cases in the clinical

study. No patients had undergone surgical

treatment or chemotherapy before this study.

  Centrol: Peripheral blood was taken from 7

volunteers with normal Iiver function and who

were not currently taking any medication.

  Peripheral blood mononuclear cells

(PBMC): 20 ml of peripheral blood was taken

frorR the cubital vein. PBMC were isolated

from heparinized peripheral bleod by the

Ficoll-Paque (Pharmacia, Uppsaia, Sweden)

gradient sedimentation technique. The in-

terphase PBMC were suspended in RPMI
l640 (Gibco, New York, USA) culture
mediurn. Blood sampling was performed with

the informed consent of both patients and

volunteers.

  Medium: RPMI 1640 powder was dissolved

in ultra pure water made by a Mi}li Q system

(Millipore Japan, Tokyo) and sterilized by

filtering it through a pore size of O.22 pam. The

medium was completed by the addition of

100Ulml penicillin G (Melji Pharmaceutical

Co., Tokyo), 100 nglml streptomycin (Melji

Pharrnaceutical Co., Tokyo) and 2 mM gluta-

mine (Nakarai Chemical, Tokyo) to the RPMI

1640 medium. Cross-matched fresh frozen
plasma (FFP) was added after inactivation by

heating at 560C for 30 minutes.

  Recombinant interleukin 2 (IL2): S-682e

was supplied by Shionogi Pharmaceutical Co

Ltd., Tokyo.

  Adriamycin (ADR): ADR (Kyowa Hakko Co

Ltd., Tekyo) was diluted £o a final concentra-

tion of 1 mglml in ultra pure water made by a

Mi}li Q system and sterilized through a filter

with a pore size of O.22 ptm.

  Monoclonal antibodies: PBMC were treated

with the following: anti-IL2 receptor (CD25)

Iabelled with fiuorescein isothiocyanate

(FITC), anti-Leu2 (CD8) labelled with FITC,

anti-Leul5 (CD1l) labelied with phycoerythriR

(PE), anti-Leu3 (CD4) labelled with PE, anti-

Leu8 labelled with FITC, aRti-Leu4 (CD3)

labelled with FITC and anti-HLA-DR labelled

with PE (Becton Dickinson, Mountain View,

CA, USA).
  Culture of PBMC: PBMC were diluted to a

fiRal conceRtration of 8×1051ml in complete

media. PBMC were then cultured with 3,OOO

UIml of IL2 and various concentra£ioBs of
ADR for 30 minutes at 370C under coRditions

of596 C02, in a C02 incubator (Tabai Espec,
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Osaka). The concentrations of ADR were O
ptg!ml, l ptg!ml aRd 2 geglml. The dese efl nglml

was chosen by approximate calculatioR of le

mg ofADR per 60 kg ofbody weightin Case 1,

who clinically showed a Cemplete Respense

(CR), with further reference to the hepatic

bleod flow, the duration of retention of ADR

in the liver and the concentratioR of lympho-

cytes.

  Immunostaining procedures: PBMC were
double-stained with monoclonal antibodies,

except for CD25. For CD25, the samples of
PBMC were single-stained. Briefly, 1× 106 cells

were treated with two kinds of antibodies in a

concentration of 1xl0617.5 rd (cellslanti-

bodies). After 30 minutes ofincubation on ice,

the cells were washed twice. The combinations

of monoclonal aRtibodies were CD8 8c CDII,

CD4 & anti-Leu8 and CD3 & anti-HLA-DR.

Phosphate-buffered saline (PBS) was used

throughout the staining procedures. The
viability rate ofcells was higher than 95% using

the dye exclusion test with e.I% nigrosin B.

  Two-coler immunofluorescence analysis:

Two-color immuRofluorescence experiments

were aRalyzed uslng a fiuore'scence activated

cell sorter (FACScan, Becton Dickinson,

Mountain View, CA, USA). The lymphocyte

fraction from PBMC was separated by the
scatter gating method. A total of 10,OOO cells

withiR the gate were analyzed in each experi-

ment. Double-stained cells were presented as a

centour plot seen in two-dimensions of green

and red fluorescence. Lymphocytes were gated

by auto-fiuorescence. The percentage ef each

fraction was determiRed by dot plots using a

contour-graph.

  Induction of killer activity: The percent

killer activities ofinduced lymphocytes in 5 of

the seven advanced HCC cases in the ex-
perimental study were assayed in 3 groups. In

the macroscopic stage, 2 cases were Stage III

and 8 cases were Stage IV-A. In Group A,

lymphecytes induced oRly with IL2. In Group

B, lymphecytes were treated with IL2 after

exposure to ADR. And in Group C, lyrapho-

cytes induced by exposure to ADR but without

IL2 treatment. After confirmlng the viability

rate was over 95% by using the dye exclusion

test, 8×1051rnl of the samples of PBMC were

cultured in complete media at 370C uRder 5%

C02, in the C02 incubator for 5 days. Before

the culture, in Group B and C, lymphocytes

were suspended in a solutien of 1 uglml ADR

in the C02 incubator for Se minutes and
washed with complete media solution 3 times.

In Group A and B,lymphocytes were cultured

£ogether with 8,OOO UIml IL2.

  Target cells: Daudi, a NK resistaRt human

Burkitt's lymphoma celHine was used for the

cytotoxlclty assay.

  Cytotoxicity assay: 5℃r (ICN, Irvine, CA,

USA) was labelled to target cells by incubating

3,7-7.4 MBq of 5iCr with 1-10×106 target

cells in e.2 ml of complete media for I hour in

the C02 incubator. After washing the cells with

complete media solution 3 times, cell viabili£y

was checked by using the dye exclusion test,

and usually it was over 95%.IRto each well ofa

96-well U type microtiter plate (Nunc, Res-

kilde, Denmark), 1×104 radio-Iabelled target

cells and effector cells were added in the ratios

of 40: l, 20: 1, 10: l or 5: I to the target cells.

Total volume was 220 rd!well. The plate was

incubated at 370C iR 5% C02 for 4 heurs, and

then centrifuged at ×200 g, at 40C for 5
minutes. The radio-activity in 100 ps1 of each

supernatant was counted by a y-counter (Alo-

ka, Tokyo). Spelttaneous release was counted

in the well, without the additioR of effector

cells. Maximum release was counted in the well

where the same number of target cells were

incubated with O.1% NP-40 for 4 hours. The

percentage of killer activity was calculatecl iB

triplicate experiments according £o the follow-

ing formula.

% ki}ler activity :(Experimental release-Spon-

taneous release)÷(Maximum release--Spon-
taneeus release)xlOO.

  Statistical analysis: Statistical comparisons

were made using the Student's t-test for the

killer activity, and the paired t-test for the rest
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of study.

REsuLTs

I. Clinicaleffectoftheimmunochemotherapy

  Table 1 shows the clinical review of 6

patients with HCC receiving the above-
mentioned immunochemotherapy. In Case 1,

a massive tumor in the liver had disappeared

on computed-tomographic (CT) images (Fig.

1) and remained in remission fbr 11 months.

In Case 3, a metastatic tumor in the medial

segment of the remnant Iiver decreased less

than 50% in size and remained in the category

of No Change (NC)iO), but a coin lesion with a

diameter of 2 cm in the right lung had
disappeared on the chest X ray taken 2 months

after the start of the therapy (CR of the lung

metastasis). In Case 2 and Case 5, tumors also

decreased less than 50% in size. No patients

advanced to the category of Progressive Dis-

ease (PD)iO). Side effects of the immunoche-

motherapy such as fever, ascites and liver

dysfunction were observed only in Case 2, but

these symptoms were controllable. No electro-

cardiographic change was observed despite the

use of ADR.

  Fig. 1 shows the most effective outcome

(Case 1) of the immunochemotherapy. The
patient was a 53 year-old male, diagnosed as
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Fig. I. Time courses of NK and LAK activities and AFP (upper-left). The activities were measured by us-
ing 5iCr releasing assay. The ratio of the effector cells to target cells was 40 : 1. The target cells

were Daudi fbr LAK and K562 for NK. The activities of NK and LAK indicate an upward tenden-
cy despite fluctuations. Abdominal CT before the operation (upper-right). Tumors occupy the right

lobe of liver (low density area). Another tumor in the medial segment is not seen in this image.

Abdominal CT, 5 months after the operation (lower-left). The tumors in the right lobe decreased

in size with a compensative enlargement of the lateral segment. Abdominal CT, 11 months after

the operation (lower-right). The tumors had disappeared on the CT image of the liver,judged as

Complete Response (CR) [10].
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having HCC and liver cirrhosis by CT, SAG,

liver function tests and serum ev-feteprotein

(AFP) assay. Laparotemy was performed 4

weeks after TAE. A massive tumor occupied

the right lobe of the liver (Fig. 1, upperright)

and £here was a metastatic tumor in the medial

segment. As the tumors were diagnosed as

inoperable, cholecystectomy aRd cannulation

of the hepatic artery were performed. Im-

munochemotherapy with continuous infusion

of IL2 and intermittent iajections of ADR

began 10 days after the operation, The activi-

ties of NK and LAK showed an upward
tendency, despite fluctua{ions (Fig. 1, upper-

left). On the abdominal CT, 5 months after the

operation, the tumor in the right lobe had

decreased in size, with a cor ipeRsative enlarge-

ment of the lateral segrnent (Fig. I, lower-left).

Finally, 11 months after the operation, the

tumors had disappeared on CT scan, and this

case wasjudged as Complete Response (CR)}O)

(Fig. 1. Iower-right).

II. Experiments in vitro

  Susceptibility of the subpepulations of lym-

phocy£es, in the peripheral blood, to ADR was

investigated in 7 HCC patients. Their clinical

backgrounds were similar to those of the 6

patients in the clinical study. After a 30

minute-exposure of PBMC to ADR, the per-

centage ef each subpepulation were measured

by the FACS technique.

  The changes in the subpopt}lations of lym-

phocytes after exposure to ADR (O, 1 aRd 2

paglml) are shown in Fig. 2. In the control

group, only £he suppressor T cells, of which

the surface marker is indicated as positive CD8

and positive CD11 (CD8+CDl1+), significant-

ly decreased dose-dependently (Fig. 2, above).

On the other hand, in the HCC group, not

only the suppresser T cells, but also other

subpopulations of mature lymphocytes, such

as the suppressor-inducer T cells
(CD4+Leu8+), the ac£ivated T cells
(CD3+HLA-DR+) and the positive IL2 re-
ceptor cells (CD25 +) decreased after exposure

to ADR. However, the resting T cells
(CD3+HLA----DR-) increased significantly af-

ter exposure. Moreover, with a dose of1 paglml

ADR, the yate of the helper T cells
(CD4+Leu8-) increased significantly (Fig. 2,
below)ii).

  Comparisens of the subpopulations aRd the

ratio ef the suppressor T cells to the helper T

cells (suppressorlhelper ratio) following treat-

ment with IL2 but not ADR are sumrnarized in

Table 2. In HCC patients, the rate ofsuppres-

Table 2. Differences in subpopulations of lymphocytes

   under a condition with IL2, without ADR.

between the control group and the HCC group

SUBPOPULATION SURFACE
MARKER

CONTROL
mean±SD

  HCC
mean±SD

p value COMPARI-
  SONi)

SuppressorTcells CD8+CDII+
HelperTcells CD4+ Leu8-
Suppressor-Inducer T cells CD4+ Leu8+

RestingTcells CDS+ HLA-DR-
ActivatedTcells CD3+HLA-DR+
PositiveIL2receptorcells CD25+

ll.96± 8.l5

20.21± 7.41

21.94± 7.37

59.80±14.97

11.36± 8.95

 5.06± 4.58

IO.25±

17.82±

30.10±

42.07±

26.60±

18.46±

2.l9

4.52

6.09

7.96

7.48

4.68

SuppressorlHelper ratio O.313±O.IOI e.516±O.168

O.602 NS
O.480 NS
o.o4g T
O.O17 S
o.oos T
o.oos T
o.oo4g T

1) Statistical significance was examined by Student's t-test.

   NS: Not slgnificant
   T:increased in HCC group (p<O.05)
   J:decreased in HCC group (p<O.05)
In the HCC group, the subpopulations of mature lympkocytes increased,
creased significantly.

and the suppressorlhelper raBo m-
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         Group
Percent killer activity ofiRduced lympho-

cytes in HCC patients. The ratio of the
effector cells to target cells was 40 : l.

GroupA: lymphocytes incubated with
        IL2 for 5 days.

GroupB: lymphocytes incubated with
        IL2 for 5 days after 30 mi-
        nute-exposure to ADR.
Group C: lymphocytes incubated, with-
        out IL2, for 5 days after 30
        minute-exposure to ADR.
In Group B, the killer activities were
higher in 3 cases and lower in 2 cases,

compared with those in Group A. The
killer activities incubated only with ADR

were low in all cases.

patieRts. The killer activities induced with IL2

(Group A altd B) were higher than those
withoutIL2 (Group C). Butthe killer activities

after exposure to ADR (Group B) were higher

in 3 cases and lower in 2 cases, compared with

those of Group A.

              DIscussloN

Fig. 8.

sor-iRducer [' cells, activated T cells aRd

positive IL2 receptor cel}s were higher, while

the rate of resting T cells was lower. Further

the suppressorlhelper ra£io significaRtly in-

creased in the HCC patieltts (Table 2).

  IR order to investigate the killer fuRctiolt of

induced lymphocytes after 5 day-incubation

withlwithout ADR and with/without IL2, the

killer activities were measured by 5℃r releas-

ing assay. Fig. 3 shows the percent killer

activity of induced lymphocytes of the HCC

  It has been accepted by cliRicians that one

side-effect of both antibiotics and anti-cancer

drugs is the depression of immuRi£yi'2). Re-

cently, some drBgs have been repor£ed to

improve the irnmunity of cancer
patients7･8･i2･i3). In the present study, after

demons£rating the clinical results of im-

munochemotherapy using ADR and IL2, the

pessible effects of ADR on the immunity of

liver cancer patieRts were examined in respect

to surface markers and killer activities of

lymphocytes ln vitro.

  This in vitro study revealed that HCC
patients, with concemitant live}" cirrhesis, have

a tendency to have mature lymphocytes and

are immunologically suppressed, indicatir}g a

higher retio of suppressor T cellslhelper T

cells. This suppressed coRdition may be in-

duced by stimulatioRs ofthe tumor cells aRdlor

immunosuppressive factors reieased from the
tumor ceHs}4-i6). IR recognition of this, red"c-

tion of the tumor mass by surgical procedures

and/or TAE is required prior to imrnL}Rother-

apy treatment for it to be effective.

  With exposure to 1 nglml ADR, all sub-

populatioRs chaRged significaRtly in £he HCC

patients, while only that of supperssor T cells

chaRged in the coBtrol group (Fig. 2). It seerr}s

apparent that, lymphocytes are more suscepti-

ble to ADR iR HCC patients, but the suscepti-

bility diffe}'s between the subpopulations of

lyrnphecytes. The suppresso}' T cells were

more depressed by ADR, while the resting T

cells were more resistaRt to ADR. The helper

T cells were also more resistaRt to ADR than

the suppressor-ikducer T cells, the activated T

cells and the positive IL2 receptor cells. There-
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fore, by takiRg advantage of the different

sensitivity of the subpopulations to ADR, it

becomes possible to improve suppressed im-

munity using a suitable dose of ADR that

suppresses only the subpopulation of the sup-

pressor T cells and, in turn, lower £he ratio.

The reason for the different seltsitivities to

ADR showB by the subpopulations of lymphe-

cytes was not clear. The results of the in vitro

study, however, indicated a very narrow range

for the optimal dose with which to improve the

ratio. The dose of 1 paglml was considered

optimal to lower the ratio. It may be possible

that Case I received the dose which coincided

with his suppressed immunological
conditioni7mi9>. The killer activity following

treatment with IL2 (Group A), that is the

functions of the LAK cells, was higher £han

that ofthose withoutIL2 (Group C). The wide

variation in the killer activity of Group A

implies that, there exists a variety ofimmuno-

logical abilities in HCC patients and also

differences in the precursors of the LAK cells

in quantity andlor quality. On the other hand,

the percent killer activities, induced with IL2

after exposure to ADR (Group B), indicated a

relatively constant value, 60% to 70%, in all

cases (Fig. 3). This result suggests that the

precursors of the LAK cells were affected by

ADR. ADR rnay affbct the quantity andlor

quality of the precursors. Thus, immunoche-

motherapy using both IL2 and ADR may be
more effective than immunotherapy using the

LAK cells iR some cases ofsuppressed irr}muni-

ties.

  Clinically, this immuRochemotherapy seems

to produce less side-effects than chemother-

apies using previous anti-cancer drugs for

HCC.IR advanced HCC patients with suppres-

sed immunological function, this immunoche-

motherapy, after mass reduction treatmen£s,

may possibly improve the prognosis of sup-

pressive conditions and also the quality of
life5･6･2O,2l).
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