British Journal of Cancer (1999) 80(5/6), 775-785
© 1999 Cancer Research Campaign
Article no. bjoc.1998.0421

Multi-institutional randomized clinical study on the
comparative effects of intracavital chemotherapy alone
versus immunotherapy alone versus
immunochemotherapy for malignant effusion

Y Nio?, H Nagami?, K Tamura !, M Tsubono 2, M Nio?, M Sato?, K Kawabata 2, H Hayashi 3, T Shiraishi 4, S Imai5,
T Tsuchitani ¢, J Mizuta7, M Nakagawa & and M Fukumoto °

IFirst Department of Surgery, Shimane Medical University, 89-1 Enya-cho, Izumo, Shimane 693-8501, Japan; 2Sato Hospital, Hirakata, Osaka 573-1141, Japan,
3Shin-Kawabata Hospital, Nagaokakyo, Kyoto 617-0825, Japan; “Department of Surgery, Tango Central Hospital, Mineyama, Kyoto 627-0012, Japan;

SFirst Department of Surgery, Kobe Central Hospital, Kobe, Hyogo 650-0046, Japan; Department of Surgery, Kishiwada Municipal Hospital, Kishiwada,

Osaka 596-0042, Japan; "Department of Internal Medicine, Eiko Hospital, Takuma, Kagawa 769-1100, Japan; é8Department of Surgery, Shimane Prefectural
Central Hospital, Izumo, Shimane 693-8555, Japan; °First Department of Pathology, Faculty of Medicine, Kyoto University, Kyoto, Japan

Summary The current prospective randomized study was designed to compare the effects of intracavitary (i.c.) chemotherapy vs
immunotherapy vs immunochemotherapy for malignant effusion. Between 1992 and 1995, a total of 42 patients with malignant effusion were
registered, and 41 patients were eligible for statistical analysis. The primary diseases of the eligible patients included 27 gastric, four
colorectal, four pancreatic, three lung, two liver and one oesophageal cancers. The patients with malignant effusion were randomly assigned
into one of three i.c. therapeutic regimens: chemotherapy alone with weekly injection of anticancer agents (ACAs: cisplatin, mitomycin-C,
adriamycin, etc.) (Group A, n = 13); immunotherapy alone with weekly injection of streptococcal preparation OK-432 (Group B, n = 14); or
immunochemotherapy with ACAs and OK-432 (Group C, n = 14). The response of the effusion, patient survival and the kinetics of cytokines
in the effusion were compared. There were no differences in the patients’ backgrounds. The side-effects of the regimens included pain,
anorexia, fever, leucopenia and anaemia and there were no differences in their incidence among the three groups. One patient died after
cisplatin (CDDP) administration in Group A. Cytologic examination revealed that tumour cells in the effusion disappeared in 23% of Group A
cases, 36% of Group B cases and 36% of Group C cases. The malignant effusion did not disappear in any of the Group A cases; however,
the effusion disappeared in 29% of Group B cases and 43% of Group C cases (P = 0.03, Group A vs Group C). Furthermore, the 50% survival
period was 1.6 months for Group A, 2.4 months for Group B and 3.5 months for Group C. The 6-month survival rate was 7% for Group A, 6%
for Group B and 34% for Group C, and the 1-year survival rate was 0%, 0% and 17% respectively (P = 0.048, Group A vs Group C by the
log-rank test). The analysis of the cytokine kinetics revealed a prominent increase in the level of interleukin-6 in the effusion in Group C.
These results suggest that i.c. immunochemotherapy with OK-432 and ACAs may be more beneficial than i.c. chemotherapy alone or
immunotherapy alone.
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Malignant effusion appears in the terminal stage of cancergancer resulted in a 63% response with a mean survival period of
especially in digestive organ cancer, lung cancer and breast cancét. days for responders; however, they indicated that various
Despite the recent progress in multidisciplinary treatmenimalignancies showed different responses, and effusion from breast
employing chemotherapy, radiotherapy, immunotherapy, hyperand ovarian cancers responded well to i.c. chemotherapy (Paladine
thermia and other therapies, the most effective therapy foet al, 1976). Osterowski (1986) reported that intrapleural (i.pl.)
malignant effusion has not been established and the prognosis BEM resulted in an 80.5% response for malignant pleural effusion
patients with malignant effusion is very poor. with a 1-year disease-free rate of 19%. He also reported that breas
The intracavitary (i.c.) administration of anticancer agentscarcinoma responded well to i.pl. BLM: for malignant ascites,
(ACAs) has been applied for the treatment of malignant effusionintraperitoneal (i.p.) BLM resulted in a 62.5% response with a
however, most patients usually die within 3 months after initiatioriL-year survival rate of 6.25%. Rusch et al (1991) reported that
of the therapy. In general, i.c. chemotherapy with bleomycin.pl. CDDP and cytosine arabinoside (AraC) for patients with
(BLM) or cisplatin (CDDP), has been applied. Paladine et almalignant pleural effusion from various malignancies resulted in
reported that i.c. BLM for malignant pleural effusion from lung 39% response, and a median survival of 5.7 months. These report:
suggest that: (1) the response of effusions differs among the
primary diseases and effusion from breast carcinoma seems to

Received 14 January 1998 respond better than those from other malignancies; and (2)
Revised 1 November 1998 peritoneal effusion is more resistant to i.c. chemotherapy than
Accepted 25 November 1998 pleural effusion. However, with respect to the effects of i.c.
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very few reports from the USA and European countries. Paladingenicillin (OK-432 contains penicillin); (6) severe heart disease or
reported that effusions from colonic and gastric cancers wera concomitant malignant disease; and (7) pregnancy. All patients
resistant to i.c. chemotherapy and all patients died within 3 monthesnd their families were fully informed with regard to the experi-
(Paladine et al, 1976). mental nature of the treatment programme, and informed consent

Recently, various new agents have been introduced for the treatras obtained.
ment of malignant effusion. Among them, i.c. immunotherapy After registration, the patients were randomly assigned to
with streptococcal preparation, OK-432, has been reported to kree groups: Group A — chemotherapy alone, Group B —
very beneficial in controlling malignant effusion (Katano andimmunotherapy alone and Group C — immunochemotherapy,
Torisu, 1982; Inoue et al, 1993; Torisu et al, 1983; Kawagoe andccording to a random number table communicated using a tele-
Masuda, 1986). OK-432 is a preparation 8feptococcus phone- or fax-based centre-call method. The registration centre
pyogenes, type A3, and this agent has been used as an anti-tumowas located at the First Department of Surgery, Shimane Medical
immunomodulator for gastric, lung and other cancers (KimuréUniversity. The study was supervised by Dr Manabu Fukumoto,
et al, 1976; Tokai Cooperative Study Group for Adjuvant(Associate Professor, First Department of Pathology, Kyoto
Chemoimmunotherapy of Stomach Cancer, 1981; Kim, 1987University) and the protocol was reviewed by the Ethics
Watanabe and Iwa, 1987; Maehara et al, 1992). The i.c. dCommittee consisting of Dr Norimichi Kan (Rakuyo Hospital,
intralesional injection of OK-432 is reported to be effective everKyoto), Dr Kazuhisa Ohgaki (Kyoto Police Hospital, Kyoto) and
when administered alone (Torisu et al, 1983; Fukuma et al, 198®r Hiroshi Kodama (Kodama Breast Clinic, Kyoto).
Fujita, 1987); however, intralesional injection of OK-432 also
seems to be beneficial in conjunction with other adjuvant thera—l_
pies, including radiotherapy (Mukai et al, 1995). This suggests that
the effects of i.c. OK-432 may also be augmented when combinddnder the universal coverage of the Japanese health insurance
with other therapies, especially chemotherapy. As far as we knowystem, which was instituted in 1961, ACAs available for clinical
there has been only one report on the comparative effects of i.ase are specified strictly according to their indications by the
OK-432 and chemotherapy, and it is also reported that i.c. OK-432apanese Ministry of Health and Welfare. We have therefore clas-
for malignant effusion caused by lung cancer achieved a higheified the ACAs and the primary tumours causing the pleural effu-
complete response rate (73%) than i.c. mitomycin C (MMC)sion and ascites in this study according to their indications, when
(41%); however, there was no significant difference in the mediagreating the protocol. The treatment protocol is summarized in
survival of patients (Luh et al, 1992). There have been no reporfEable 1. Group A patients were treated with i.c. chemotherapy
comparing i.c. OK-432 alone and combination therapies wittalone with weekly injections of ACAs; ACAs included cisplatin
OK-432 and chemotherapy. (CDDP; Briplatin, Bristol Myers Japan, Tokyo, Japan; or Randa,

The present study was designed to compare the effects dfippon Kayaku, Tokyo, Japan), carboplatin (CBDCA; Bristol
OK-432 alone versus chemotherapy alone versus immundJyers Japan), mitomycin-C (MMC; Kyowa-Hakko Co. Ltd,
chemotherapy with OK-432 and ACAs. Tokyo, Japan), adriamycin (ADR; Kyowa-Hakko), and farmo-
rubicin (EPIR; Kyowa-Hakko). Group B patients received i.c.
immunotherapy alone with weekly injection of streptococcal
preparation, OK-432. Group C patients were treated with i.c.
immunochemotherapy with ACAs and OK-432. The dosage of the
administered agents are summarized in Table 1. ACAs were
This clinical study was carried out by the Shimane—Kyotodiluted in 20-50 ml of distilled water or physiological saline, and
Research Group for Cancer Immunochemotherapy, and was opadministered directly into the peritoneal or pleural cavity usually
to patients from August 1992.

Survival was the true end point. We planned for 15 eligible
patients per group to ensure that the trial would have a povi@r (1-
of 0.80 to detect a ratio (2.5) of the median survival for Group C trapie 1 Therapy protocol
the median survival for Group A or B based on a clinical repor

(Torisu et al, 1983) with a significance level (a) of 0.05 (Georg¢Group A (ACA group)
and Desu, 1974; Gehan, 1975). The following ACAs were injected weekly into the peritoneal or pleural cavity,

. . . singly or in combination:
Several basic criteria had to be met before patients wel CDDP at 30 mg m- (or CBDCA at 300 mg m-2)

included in the study: (1) cytological proof of malignant effusion; mmc at 6 mg m-2

(2) digestive organ cancer or lung cancer as the primary disea: ADR at 30 mg m= (or EPIR at 30 mg m-2)

(3) performance status < 3 (ECOG scale); (4) progressive maligoup B (0k-432 group)

nant effusion, which was measurable by physical examinatiook-432 at 1~10 KE was injected weekly into the peritoneal or pleural cavity

(abdominal size) or by X-ray, echography, or computerize(,,, ¢ (AcA and OK-432 group)

tomography (CT). One cycle of the regimen included intraperitoneal or intrapleural injections of
Contraindications to patient selection included: (1) totalACAonday 1and OK-432 on day 4; the injections were repeated weekly

disability (PS = 4, ECOG score); (2) prior chemotherapy, radio

therapy or immunotherapy within 4 weeks; (3) an active infectiouThe regimens were continued as long as possible. If intracavital injection

disease; (4) severe anaemia (haemoglobin < 9.8)glducopenia became impossible due to the disappearance or decrease of effusion, the

. . tients received systemic (intravenous or intramuscular) administration of
< mm3 m < m#) m pa
(< 3000 ), thrombocytopenia (< 70 000 azotemia the agents. ACA, anticancer agent; CDDP, cisplatin; CBDCA, carboplatin;

(_Creatinine >2.0mg dj, or liver dySfunCtiO_n (GOT, GPT, alka- yuc, mitomycin-C; ADR, adriamycin; EPIR, 4'-epirubicin; KE, Klinische
line phosphatase levels > four-fold normal limits); (5) an allergy tEinheit (one KE is equivalent to 0.1 mg of dried cocci).

reatment protocol

MATERIALS AND METHODS

Registration and randomization of the patients
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through a silicon catheter, which was inserted into the peritoneal dnterleukin-2 (IL-2), interferon gamma (IF{-and interleukin-6
pleural cavity under guidance with an echogram. OK-432 is &IL-6), were measured at Otsuka Tokyo Assay Laboratories Co.
penicillin-treated, lyophilized preparation oftreptococcus Ltd, Tokyo, Japan.
pyogenes, group A type 3 (Picibanil, Chugai Pharmaceutical Co.
Ltd, Tokyo, Japan). The Klinische Einheit (KE) is used to eXpreS%valuation of side-effects
the dosage of the preparation; 1 KE of OK-432 contains 0.1 mg o
the dried cocci (Sakurai et al, 1972). OK-432 was also adminiswHO standard criteria for toxicity (Miller et al, 1981) were used.
tered alone or in conjunction with ACAs via a silicon catheterThe ileus is a well-known side-effect of OK-432 when it is admin-
directly into the peritoneal or pleural cavity. Intracavital injectionsistered into the peritoneal cavity. This OK-432-associated ileus is
of OK-432 were started at a dose of 1-5 KE weekly, and the doseaused by adhesion and is different from paralytic ileus, which is
was gradually increased to 5-10 KE as a maintenance dossually caused by other ACAs. The OK-432-associated ileus
according to the patient’s condition. For patients with a goodctannot be classified according to the WHO standard criteria, and
performance status, drainage was not performed to avoid hypthe grade of ileus caused by OK-432 was classified according to
proteinaemia or dehydration as well as to induce tumour cells analur original criteria for bowel obstruction: grade 0, no symptoms;
effusion-associated lymphocytes to react with ACAs and/omgrade 1, nausea but no vomiting; grade 2, intermittent obstruction
OK-432. If the patients complained of dyspnoea or other seriouBut no intervention and no parenteral nutrition; grade 3, inter-
effusion-derived symptoms, the effusion was drained until themittent obstruction, no intervention, but requires parenteral
symptoms disappeared. According to the advice of the Ethicsutrition; grade 4, complete obstruction, requires intervention
Committee, if the malignant effusion disappeared and the agengnd parenteral nutrition.
could not be injected into the cavity, the ACAs were administered
intravenously (i.v.), or 5-fluorouracil (5-Fu) or its derivatives
(UFT or B-deoxy-fluorouridine) were given orally (p.o.) as a
maintenance chemotherapy for patients in Group A and Group @l the patients were followed up by physical examination, general
and OK-432 was injected subcutaneously (s.c.) or intramuscularl-ray examination, ultrasonography (US), CT, routine haema-
(i.m.) at 1-5 KE weekly for patients in Group B and Group C. Thetologic and biochemical examinations, and serum tumour marker
duration of treatment with s.c. or i.m. administration of OK-432assays.
was decided by the doctors with informed consent obtained if
treatment was discontinued. . .
S . . Statistical evaluation

The examinations of haematology, serum biochemistry, serum
tumour markers and evaluation of symptomatic and performanc€he effects of the therapies were evaluated with respect to the
status were routinely performed at weekly intervals, sometimesesponse rate of the malignant effusion and the survival rate after
more frequently. The results of the therapy were assessed everyherapy. Chi-square and Mann-Whitnéjtests were used to
weeks by measurement of abdominal size, X-ray, echogram, C€ompare the backgrounds of patients in the three groups. The
etc. If the disease appeared to progress, the patients were eitloeerall survival was calculated by the Kaplan—Meier method
managed symptomatically and supportively or offered alternativéKaplan and Meier, 1958). A statistical comparison of the survival
experimental regimens if their general condition seemed to beates among the three groups was made by the generalizec
appropriate. Wilcoxon test (Gehan, 1965) and the log-rank test (Peto et al,
1977). AP-value of less than 0.05 was considered to be signifi-
cant. The statistical analyses were carried out using SAS computel
software.

Patient follow-up

Evaluation of the response of the effusion to the
therapies

The objective response of the malignant effusion was assessRESULTS
using chest X-ray, CT, or echography with the following criteria: _ _
(1) a complete response (CR) indicated a total disappearance Batient entry and exclusion for evaluation

efquion for at least 4 weeks; (2,) a .partial response (PR) WaSatient entry was stopped in July 1995 because differences in the
de_fl_ned as 59% or greater reduction in effusion compared to th§‘urvival rates of Group A and Group C were significant. Between
_ongmal effusion volume for at Iea_st 4_ weeks_; (3) no change (NC?L992 and 1995, a total of 42 patients with malignant effusion were
indicated Ies_s than a_50% re_ductlon in effusion and{o_r not great%gistered: 41 patients (97.6%) were eligible for statistical
than a 25% increase in effusion compared t_o the original V°|umeeinalysis, and one patient of Group B was excluded due to misreg-
and (4) progressive disease (PD) was defined as greater thar]s?ration (the patient was treated with a different immunomodu-

25% increase of the origi.nal effusion volume. The, re.spor)selwqator). The primary diseases of the eligible patients included 27
initially evaluated by the investigator at the participating institu-

. . h - cﬁastric, four colorectal, four pancreatic, three lung, two liver and
tion, and then re-evaluated by the supervisor. The duration ne oesophageal cancers. Group A included 13 patients, Group B

response was measurt_ad from the_first day of injection of the agentfoiuded 14 patients and Group C included 14 patients. The back-

to the day of increase in the effusion. ground factors of the eligible patients are summarized in Table 2
and there were no differences in the patients’ backgrounds.

Evaluation of the kinetics of cytokines in the effusion

before and after therapy Drug administration and toxicity

The kinetics of cytokines in the malignant effusion were assesse@he administered agents and the doses are summarized in Table :
The cytokines, including tumour necrosis factor alpha (Bi)\F- Three kinds of ACAs were administered in Group A: CDDP in

© Cancer Research Campaign 1999 British Journal of Cancer (1999) 80(5/6), 775-785
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Table 2 Background factors

Protocol
A(n=13) B (n=14) C(n=14)
Sex
Male 8 7 10
Female 5 7 4
Age
<60 5 2 6
> 60 8 12 8
Primary disease 7 7 4
Recurrent disease 6 7 10
Effusion
Pleural effusion 3 4 1
Ascites 10 10 11
Both 0 0 2
Origin
Oesophageal 0 1 0
Gastric 11 7 9
Colorectal 0 3 1
Pancreatic 1 2 1
Hepatocellular 0 0 2
Lung 1 1 1
Table 3 Dose of the administered agents
Protocol
A(n=13) B (n=14) C(n=14)
Local injection
0OK-432 (KE) 23.9+5.3(n=14) 19.2 +4.2 (n=14)
CDDP (mg) 94.4 +30.8 (n=8) 138.9+24.0 (n=9)
MMC (mg) 16.0+3.1 (n=4) 9.3+55(n=23)
EPIR (mg) 185.0 + 65.0 (n=2)
CBDCA (mg) 300 (n=1) 450 (n=1)
5-FU (mg) 1000 (n=1)
Systemic injection
OK-432 (i.m.) 17.0+ 14.4 (n=4) 33.3+12.7 (n=4)
CDDP 115.0+15.0 (1= 2) 58.3+22.1(n=3)
EPIR 53.3+13.3 (n=3)
5-FU 3687.5 + 2035 (n=4) 2750 + 1750 (n = 2)

ACA, anticancer agent; CDDP, cisplatin; CBDCA, carboplatin; MMC, mitomycin-C; ADR, adriamycin; EPIR, 4'-epirubicin; KE,
Klinische Einheit (one KE is 0.1 mg of dried cocci); i.m., intramuscularly.

nine patients, MMC in three patients and CBDCA in one patienta special problem: two patients suffered from adhesion ileus after
The mean dose of OK-432 in Group B was 288.3 KE. Five  the complete disappearance of ascites. They both needed total
kinds of ACAs were administered in Group C patients: CDDP inparenteral nutrition even after the disappearance of ascites until
ten patients, MMC in three patients, EPIR in two patientstheir death due to the recurrence of malignant ascites. However, it
CBDCA in one patient and 5-FU in one patient. The patients weres very difficult to differentiate this kind of ileus from that due to
administered i.v. or p.o. ACAs and/or i.m. or s.c. OK-432 after grogression of carcinomatosis.

decrease or disappearance of the malignant effusion. The profiles

of the systemic therapies are summarized in Table 3.

The toxicities and side effects of the regimens are summarizelg\j
in Table 4. Toxicity was seen in 46% (6/13) of Group A patients,
and side-effects included the leucopenia, thrombocytopenia, feveBytologic examination revealed that tumour cells disappeared in
pain and anorexia. However, none of these toxicities was serioug3% (3/13) of patients in Group A, 36% (5/14) of patients in
In Group B, toxicity of i.c. OK-432 was seen in 29% (4/14) of theGroup B and 36% (5/14) of patients in Group C; there were no
patients, and side-effects included fever, anaemia, leucopenidifferences in cytologic effects (Table 5). The malignant effusion
leucocytosis and anorexia. The incidence of side-effects washrunk after treatment in 31% (4/13) of patients in Group A, but
highest (57%, 8/14) in Group C, and the toxicities includednever disappeared. By contrast, the effusion disappeared in 29%
anaemia, fever, leucopenia and pain. However, in addition to thegé/14) of patients in Group B and 43% (6/14) of patients in
side-effects, OK-432 injection into the peritoneal cavity resulted inGroup C £ = 0.03, Group A vs Group C (Table 5).

esponses of malignant effusion
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Table 4 Side-effects?

Incidence (number/total)

Protocol A( n=13) B (n=14) C(n=14)
6/13 (46%) 4/14 (36%) 8/14 (57%)

Fever Overall 0 2 (14%) 4 (29%)

Grade 1 1 1 2

2 0 1 2

3~4 0 0 0
Pain Overall 1 (8%) 0 1 (7%)

Grade 1 1 0 0

2 0 0 1

3~4 0 0 0
Anorexia Overall 1 (8%) 1 (7%) 1 (7%)

Grade 1 1 1 0

2 0 0 1

3~4 0 0 0
Leucopenia Overall 2 (15%) 0 (0%) 2 (14%)

Grade 1 2 0 0

2 0 0 1

3 0 0 0

4 0 0 1
Leucocytosis Overall 0 1 (7%) 1 (7%)

Grade 1 0 1 1

2~4 0 0 0
Thrombocytopenia Overall 2 (15%) 0 (0%) 1 (7%)

Grade 1 1 0 0

2~3 0 0 0

4 1 0 1
Anaemia Overall 1 (8%) 2 (14%) 5 (36%)

Grade 1 1 0 0

2 0 1 4

3 0 1 1

4 0 0 0
Bowel obstruction® Overall 1 (8%) 1 (7%) 2 (14%)

Grade 1 ~2 0 0 0

3 1 0 1

4 0 1 1
Death 1 (8%)° 0 0

a According to WHO standard criteria for toxicity. °Classified as described in Materials and Methods. Due
to acute renal failure caused by CDDP administration.

Table 5 Comparison of therapeutic effects

Protocol
A(n=13) B (n=14) C (n=14)
Response of effusion
a. Objective response?
CR 0 4 (29%) 6 (43%)
PR 4 (31%) 1 (7%) 3 (21%)
NC 3 4 3
PD 3 0 0
Unevaluable® 3 5 2
b. Cytologic response
Disappearance 3 (23%) 5 (36%) 5 (36%)
No change 5 2 3
Unevaluable® 5 7 6
Survival
Median survival days 74 51 115

a P=0.039 by x? test. ®Due to the patients’ death within 4 weeks after initiation of the therapy. CR,
complete response; PR, partial response; NC, no change; PD, progressive disease.
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Protocol A: Chemotherapy (n = 13)
Protocol B: OK-432 (n = 14)
Protocol C: Chemotherapy + OK-432 (n = 14)

Survival rate

1 =T v i Prp— T
18 24 30 36
Month

Figure 1  Survival curves of the three groups. Group A vs Group B: log-rank test; x2 = 0.2106, P = 0.6463. Generalized Wilcoxon test; x2 = 0.3937,
P =0.5304. Risk ratio (95% CI) = 1.472 (0.606—3.575). Group A vs Group C: log-rank test; x? = 3.8995, P = 0.0483. Generalized Wilcoxon test; x? = 3.0496,
P =0.0808. Risk ratio (95% CI) = 0.652 (0.419-1.014)

Survival of Group C, whose effusion disappeared. The level of GNF-
increased in one patient of Group A, did not change in any patient
The 50% survival period was 1.6 months for Group A, 2.4 monthgf Group B, and increased in two patients and decreased in two
for Group B and 3.5 months for Group C. The 6-month survivabatients of Group C. The level of IL-6 increased in three patients
rate was 7% for Group A, 6% for Group B and 34% for Group Cof Group A, one patient of Group B and all patients of Group C.
and the 1-year survival rate was 0%, 0% and 17% respectively
(P =0.048, Group A vs Group C by log-rank test) (Figure 1).
In the present study, two patients survived for more than 1 yeéPISCUSSION
after initiation of the therapy, and both patients belonged to Grouphe present study demonstrated that i.c. OK-432 alone was more
C. Their clinical courses are summarized in Figures 2 and 3. Ongffective in controlling the malignant effusion than i.c.
patient (45-year-old male) had massive pleural effusion andhemotherapy alone. Intracavital OK-432 resulted in the disap-
ascites, which were caused by recurrent hepatocellular carcinomgearance of effusion in 29% of patients; however, i.c.
He was assigned to Group C and treated with weekly i.p. and i.pthemotherapy did not completely eliminate the effusion in any of
injections of EPIR (30 mg 1) and OK-432 (1 KE per body). The the patients. There were no differences in life-prolonging effects
effusion completely disappeared 6 months later (CR); 3 years haysetween i.c. chemotherapy and i.c. OK-432, and these therapies
passed and he is still free from effusion, although the recurremgroduced no 1-year survivors. There is a report on the comparative
tumour still exists but is in remission (Figure 2A-C). Another effects of i.c. OK-432 and chemotherapy which reported that
patient (85-years-old male) had malignant pleural effusion due tpleurodesis with OK-432 for malignant effusion caused by lung
lung cancer (adenocarcinoma) (Figure 3A). He was also assignedncer achieved a higher complete response rate (73%) than did
to Group C, and was treated with a weekly i.pl. injection of EPIRpleurodesis with MMC (41%); however, there was no significant
(10 mg m? and OK-432 (1 KE per body). He received injections difference in the median survival of patients who received the two
a total of 20 times, and the effusion shrunk (MR), but never distreatments (5.8 months for OK-432 and 5.1 months for MMC).
appeared. Fortunately, he lived with a good quality of life for moreThese results are compatible with the present results.
than 1 year (survival period, 16 months) (Figure 3A—C). Intracavital OK-432 is a standard regimen for malignant
effusion in Japan. Torisu et al (1983) first reported that i.c. OK-432
was very beneficial in the management of malignant ascites.
Intraperitoneal OK-432 resulted in a mean survival time of 10.2
The cytokines in the effusion are summarized in Figure 4. Inmonths and a 50% survival time of 9.0 months compared to 3.1
several patients it was difficult to draw effusion before and aftefnonths and 2.6 months for palliative therapy respectively (Torisu et
therapy, due to the death of the patient or the disappearance &f 1983). They also reported that neutrophil-mediated tumour cell
effusion. Accordingly, the kinetics of cytokines were evaluated indestruction is one of the mechanisms responsible for the anti-tumour
four patients of Group A, three patients of Group B and eighkffects of OK-432 (Katano and Torisu, 1982). Uchida and Micksche
patients of Group C, both before and after therapy.dlabd  (1983) reported that the cytotoxicity of effusion-associated lympho-
IL-1B were not detected in any of the three groups. The level ofytes (EAL) was activated against allogeneic and autologous
IFN-y did not change in Group A; however, it increased threefoldumour cells after the i.pl. administration of OK-432 in humans.
in one patient of Group B and 2.3-fold and 3.3-fold in two patientsaito et al reported that i.c. OK-432 augmented the LAK activity of

Cytokines in the effusion
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Figure 2 A 45-year-old male patient with malignant pleural effusion and ascites, which were caused by recurrent hepatoma. The patient had been disease-
free for 3 years after right hepatectomy for hepatoma. However, he suddenly suffered from dyspnoea in 1993, and came to our outpatient section. A chest X-ray
examination showed massive pleural effusion (A), and dyspnoea was relieved after removing about 1000 ml of pleural effusion. Cytological examination
revealed malignant cells (hepatoma cells), and an abdominal CT also demonstrated the recurrent hepatomas. He was told that he had malignant effusion in
both the pleural and peritoneal cavities, which was caused by the recurrent hepatoma. He then agreed to the treatment according to the protocol. He was
registered and assigned to Group C and treated with weekly intraperitoneal and intrapleural injections of EPIR (30 mg m-2) and OK-432 (1 KE per body).

At first the effusions seemed to be resistant to the regimen; however, the consistent treatment resulted in the disappearance of effusion after 6 months (CR) (B).
According to his preference, he was treated three times with an intra-arterial injection of lipiodol (2 ml) and EPIR (20 mg) into the hepatic artery.

Three years have passed and he is still free from effusion, although the recurrent tumour still exists (C)

EAL in mice (Saito et al, 1986). These reports have concentrated @Kitsuki et al, 1994), and that in vitro treatment of tumour cells with
the immunomodulating effects of OK-432; however, it has also bee®K-432 resulted in enhanced susceptibility to cytotoxic effector
reported that OK-432 showed direct cytotoxic and cytostatic effectsells (NK cells and LAK cells) (Nio et al, 1990; Mizutani et al,
on tumour cells (Sakurai et al, 1972; Ono et al, 1973; Nio et all992:). These results suggest that OK-432 may augment the direct
1989%). In addition, OK-432 modulates the surface molecules ortytotoxicity of EAL against tumour cells as well as the binding of
tumour cells. It is reported that i.c. administration of OK-432 toEAL to tumour cells in malignant effusion.

patients with malignant ascites resulted in the enhancement of intra- Although the present study had an important problem in that we
cellular adhesion molecule (ICAM)-I expression on tumour cellscould not use the same ACAs for all protocols due to restrictions
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Figure 3  An 87-year-old male patient with malignant pleural effusion caused by lung cancer. The patient came to our department complaining of dyspnoea,
and chest X-ray and CT examinations revealed massive pleural effusion and lung tumour (A). Cytologic examination also revealed the malignant cells
(adenocarcinoma). He was assigned to Group C. He wanted an ambulatory treatment, and was treated with a weekly puncture of the effusion and an
intrapleural injection of EPIR (10 mg m-2) and OK-432 (1 KE per body), simultaneously. He received injections a total of 20 times, and the effusion shrunk (MR),
but never disappeared (B,C). Fortunately, he did not suffer from dyspnoea, and lived with a good quality of life for more than 1 year. Finally, he died of disease
progression (survival period, 16 months)

imposed by the Japanese national health insurance system, we dige to higher cytotoxicity of ACAs cannot be excluded. However,
find that i.c. immunochemotherapy with OK-432 and ACAs inthis cannot explain the lower rate of objective and cytologic
combination was significantly more beneficial than i.c. chemo-esponse, and the doses of the agents administered were not so
therapy alone or immunotherapy alone. The inhomogeneity odiifferent between the Group A and Group C (Table 3).
chemotherapeutic agent selection for the treatment regimens #ccordingly, it seems that the combination of ACAs and OK-432
Group A and Group C is a major problem in the present studyesulted in the higher rates of objective and cytologic response and
This problem might induce the results that the lower response rateetter survival. In the present study, the combination of OK-432
of objective and cytologic responses in Group A. Furthermore, thand ACAs achieved complete disappearance of the effusion in
possibility that the decrease in Group As survival rate might bet3% of patients, and a 17% 1-year survival rate. This combination

British Journal of Cancer (1999) 80(5/6), 775-785 © Cancer Research Campaign 1999



Intracavital immunochemotherapy for malignant effusion 783

U mi pg mi~t pg mi™
1000 100000 10000
IFN-y IL-6 TNF-a
—_ /j
100001 / 1000 {
100 1
10001 100 §
104  g=========
1001 10 1
[
r-——0
1 T T 10 T T 1 T T
pre post pre post pre post

Figure 4  Cytokines in effusion. x - - - - x, Group A (chemotherapy alone); AlA , Group B (OK-432 alone); OO O, Group C (chemotherapy + OK-432)

regimen with ACA and OK-432 achieved a higher response raté972; Goto et al, 1981), resulting in augmented anti-tumour
and survival rate than did ACA or OK-432 alone. Several investiactivity of OK-432-activated immunopotentiating cells, especially
gators reported the beneficial effects of combinations of OK-432-cells (Nio et al, 1989 Bier, 1987; Bier and Bier, 1987). The
and ACAs: the survival rate of patients with lung cancer wagpresent immunological study demonstrated that the combination
higher after treatment with chemotherapy and OK-432 than aftesf ACA and OK-432 in Group C resulted in a prominent increase
treatment without OK-432 (Kimura et al, 1976). The survivalin the level of IL-6 in the effusion. These changes in cytokine
of patients receiving immunochemotherapy with intradermalevels suggest that immunological responses were caused by the
OK-432 and ACAs was significantly better than that of matchedagents. The increase in the level of IL-6 may induce the differenti-
control patients given chemotherapy alone (Uchida and Hoshination and proliferation of various lymphoid cells, especially B-
1980). The survival of patients with gastric cancer, who wereells, which was seen in all three groups. However, the increase in
administered intramuscular OK-432 in addition to the adjuvanthe level of IL-6 was more prominent in Group C. The increase in
chemotherapy after gastrectomy, was significantly better than thalhe level of IL-6 may be a non-specific inflammatory reaction
of patients who received adjuvant chemotherapy alone (Kimgaused by ACAs and/or OK-432. These results suggest that the
1987); a statistically significant improvement of the survival rateimmunological reaction might be caused more strongly by the
after lung cancer surgery was seen in patients treated with OK-43®mbination of ACAs and OK-432. Accordingly, all of the above
alone or OK-432 and chemotherapy in comparison with themechanisms may be responsible for the combination effects of
patients who were treated with chemotherapy alone (Watanabe a@K-432 and ACAs.

lwa, 1987); and, a post-surgical adjuvant immunochemotherapy OK-432 is known to induce a serious adhesion or sclerosis of
with oral OK-432 and MMC + 5-FU derivatives after curative the peritoneum and pleura when administered into the peritoneal
resection of the gastric cancer resulted in a significantly betteor pleural cavity. Accordingly, i.c. administration of OK-432 has
survival in comparison with chemotherapy alone (Kyoto Researcheen applied to manage refractory spontaneous pneumothorax
Group for Digestive Organ Surgery, 1992). The mechanism&urthermore, the intracystic injection of OK-432 is reported to be
responsible for the benefits of the combination of OK-432 and/ery beneficial for sclerosing therapy of neck cystic hygroma in
chemotherapy are unclear. There are several possibilities: (thildren (Ogita et al, 1987). These sclerosing effects of OK-432 on
OK-432 augments the anti-tumour effect of ACAs, becausehe peritoneum and pleura may be derived from the inflammations
OK-432 itself has a direct cytotoxic and cytostatic activity againstaused by OK-432. However, the effects sometimes cause serious
tumour cells and inhibits DNA and RNA syntheses in tumour cellsleus when OK-432 is administered into the peritoneal cavity. In
(Ono et al, 1973; Nio et al, 1990); (2) chemotherapy increases thhis study, two patients (one patient in Group B and one patient in
susceptibility of tumour cells to cytotoxic effecter cells including Group C) suffered from serious ileus and received total parenteral
lymphocytes, macrophages and neutrophils activated by OK-43Rutrition although their ascites completely disappeared. The ileus
through direct damage or modulation of surface antigens bimpairs the quality of life (QOL) of the patient, even if the malig-
chemotherapy (Ujiie, 1989; Mizutani et al, 1992(3) ACAs, nant effusion completely disappears. However, the QOL is depen-
including ADR and CDDP, directly augment the cytotoxic activity dent on the patients’ background such as age, social status anc
of the effecter cells under certain conditions (Kleinerman et alprevious course of the disease. For example, one of the patients dic
1980; Ehrke et al, 1984), although ACAs usually inhibit the genernot voice strong objections to parenteral nutrition and ileus symp-
ation of cytotoxic effecter cells (Mantovani et al, 1978; Allavena ettoms, since he was pleased to receive relief from effusion and
al, 1990); and (4) ACAs eliminate the suppressor cells odyspnoea. Because he had suffered from serious abdominal disten
suppressor factor in the blood or effusion (Heppner and Calabresiion and dyspnoea, and sometimes needed oxygen therapy, th
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effusion and dyspnoea had also impaired his QOL seriouslyawagoe K and Masuda H (1986) Advanced ovarian cancer treated by

However, the other patient suffered from serious vomiting and was__ intraperitoneal immunotherapy with OK-43x J Clin Oncol 6: 137-142
. ' . . L . Kim JP (1987) The concept of immunochemosurgery in gastric caltoéd J Surg
continuously drained of gastric and bowel juices. Group C patients™ 7, ee 175

enjoyed a survival benefit and a high rate of complete disappeagmura I, Ohnishi T, Yasuhara S, Sugiyama M, Urabe Y, Fuijii M and Machida K
ance of effusion. The Group B protocol showed the latter  (1976) Immunochemotherapy in human lung cancer using the streptococcal

advantage, but no survival benefit, compared with Group A.  agent OK-432Cancer 37: 2201-2203 60) OK-432-nduced
Balancing the advantages and disadvantages (potential for ileujiSuki 1. Uchiyama A, Yoshida T and Torisu M (1994) OK-432-induce

P . enhancement of ICAM-1 expression on tumor cells positively correlates to
the protocol of GrOUp B cannot be JUStmEd compared with that therapeutic effects for malignant effusi@tiin Immunol Immunopathol 71:

of Group A. Accordingly, OK-432 should be administered in 89-95
combination with ACAs for malignant effusion, and the Kleinerman ES, Zwelling LA, Schwartz R and Muchmore AV (1980) Defective
duration and frequency of i.c. OK-432 administration are key monocyte killing in patients with malignancies and restoration of function

. . . during chemotherapy.ancer 22: 1102-1105
factors for the successful treatment of mallgnant ascites Wltho%oto Research Group for Digestive Organ Surgery (1992) A comprehensive multi-

adhesion ileus. institutional study on postoperative adjuvant immunotherapy with oral
In conclusion, the peritoneal or pleural cavity is a restricted  streptococcal preparation OK-432 for patients after gastric cancer surgery.

space and agents injected i.c. may accumulate in the cavity more Surg216:44-54

: - . : Luh KT, Yang PC, Kuo SH, Chang DB, Yu CJ and Lee LN (1992) Comparison of
eaSIIy . and . efﬂCIently. than tho.se |nJec_ted systemlcally. OK-432 and mitomycin C pleurodesis for malignant pleural effusion caused by
Accordingly, immunologic or cytological reactions may be more g cancercancer 69: 674-679
pronounced after i.c. injection of OK-432 and ACAs than aftermaehara Y, Sugimachi K, Akagi M, Kakegawa T, Shimazu H and Tomita M (1992)
systemic administration. Early postoperative chemotherapy following noncurative resection for patients

with advanced gastric cancsr. J Cancer 65: 413-416
Mantovani A, Luini W, Peri G, Vecchi A and Spreafico F (1978) Effect of
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