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to cisplatin and were <55 years of age. Two or three infusions of TILs
were administered in the intervals of chemotherapy. To minimize the
effect of chemotherapy on infused TILs, TILs were infused 5 days after
chemotherapy, 3 weeks before the next course of chemotherapy. Two
different regimens were considered in this combined therapy. FCAP
was administered to patients who had an untreated tumor according to
the following schedule: 350 mg/nr cyclophosphamide on day 1, 40
mg/nr Adriamycin on day 1. 50 mg/nr cisplatin on day 1, and 350
mg/m: 5-fluorouracil as a continuous infusion on days 1-5. For patients
who had cisplatin-resistant ovarian tumors and were younger than 55
years, an analogue of cisplatin. 254-S (100 mg/nr) (12, 13) was sched
uled as a single regimen. All 10 patients were considered to have
received chemotherapy for five cycles, if they had a toxic reaction lower
than grade III. When patients had a reaction of grade III or IV,
chemotherapy was discontinued instantly instead of decreasing the drug
doses. Patients who received chemotherapy for only one or two cycles
were excluded from this study. Toxicity was evaluated according to the
World Health Organization criteria.

Patient Observation. Clinical toxicity was carefully monitored by
daily interviews and examination throughout the study. Hematological,
hepatic, and renal function were monitored twice/week during treat
ment. Body weight, blood pressure, and urine volume were recorded
daily. Cell-mediated immunity in vivo was measured by the delayed
type of hypersensitivity reaction in skin using the s.c. injection of
phytohemagglutinin. purified protein derivative, and Streptococcus py-
ogenes SU polysaccharide every 4 weeks.

Response. Therapy response was evaluated according to the criteria
of Japanese Society for Cancer Therapy (14) as follows: CR, absence
of any detectable tumor mass for >4 weeks; PR, a decrease of >50% in
the product of the two perpendicular diameters of the measurable
lesions, without an increase in size of other detected areas of disease or
appearance of new lesions for >4 weeks; no change. <50% reduction
or <25% increase in the size of measurable lesions of disease: progres
sive disease, >25% increase in the products of the perpendicular di
ameters of any measurable lesion or the appearance of a new lesion.

Culture of TILs. Resected specimens of tumor weighed between 5
and 40 g. In patient 5, lymphocytes were obtained from pleural effusion.
TILs were cultured in the presence of 100 units/ml (IU) of recombinant
interleukin-2 (Shionogi & Co., Ltd.) for 3-10 weeks according to the
techniques previously described (9). When the period of culture ex
ceeded 4 weeks. TILs were resensitized with cryopreserved autologous
tumor cells (tumor cells to lymphocytes ratio. 1:10). Two weeks after
cultivation, gas-permeable tissue culture bags (1 and 3 little Fenwall.
Tokyo, Japan) were used instead of tissue culture flasks.

Chromium Release Assay of Cytotoxicity. A 4-h "Cr-release assay

was performed by using, as target cells, cryopreserved preparations of
fresh human tumor cells obtained by enzymatic digestion that were
thawed and cultured in RPMI 1640 containing 10% human AB serum
for 24 h. Single-cell suspensions were prepared from monolayers of
tumor cells by brief incubation with trypsin at 37Â°Cand washed twice
in the medium; then. 200 //Ci Na2O2 5'Cr was added to each target cell
preparation. Incubation was performed for 60-90 min on a rocker
platform at 37Â°C.The cells were then washed three times in RPMI
1640 plus 2% AB serum, incubated at 37Â°Cfor another 30 min. washed,
filtered through a gauze, counted, and resuspended at 10s cells/ml.
Targets (5 x 10' cells) were added to various numbers of effector cells
Â¡nround-bottomed 96-well plates.

Target cells were incubated in medium alone or 2% Triton X-100 to
determine spontaneous and maximum release of chromium, respec
tively. After centrifugation at 57 x g for 5 min, the plates were incubated
for 4 h at 37Â°C,then harvested with a Skatron-Titertek system (Skatron

AS, Lierbyen, Norway) and counted in a gamma counter. The percent
age of lysis was calculated as follows:

/experimental cpm- spontaneous cpm\
\ maximal cpm - spontaneous cpm /

All determinations were made in triplicate. In all experiments the
spontaneous release did not exceed 38%.

FACS Analysis. Cells were washed in Hanks' balanced salt solution

free from phenol red, containing 1% fetal calf serum and 0.2% sodium
azide at 4Â°C.Cells (1-2 x lOVtube) were stained with the appropriate

fluorescene isothiocyanate-labeled monoclonal antibody (Becton Dick
inson Japan, Tokyo. Japan), incubated at 4Â°Cfor 45 min, washed twice,

and resuspended in 0.5 ml of medium for FACS analysis. The antibodies
used were as follows: Leu-4 (IgGl, mature T-cells, CD3), Leu-3a
(IgG2a, class II-restrictive T-helper/inducer cells, CD4), Leu-2b
(IgG2a, class I-restrictive T-cytotoxic/suppressor cells, CD8), and
HLA-DR (IgG2a, B-cells, monocytes, macrophages, and activated T-
cells).

RESULTS

We propagated lymphocytes in the presence of rIL-2 from
fresh tumor tissue of 17 patients with epithelial ovarian cancer.
First, to observe the changes in the cellular surface phenotype
of TILs expanding in rIL-2, flow cytometry was performed on
cultured TILs when the patient received the first injection. In
all TIL preparations, the CD3+ T-lymphocytes were clearly

major cell type and many of these were activated T-lymphocytes
as judged by the expression of the HLA-DR antigen. Twelve
preparations of TILs were CD3+/CD8+ dominant and showed

homogeneous populations as evidenced by a single fluorescent
cell peak. Three preparations (patients 8, 14, and 17) were
CD3*/CD4+ dominant and two (patients 11 and 13) were the

mixture of these two cell types. In several preparations, flow
cytometry was carried out two or three times sequentially
showing that the populations of CD3+/CD8+ were increased in

process of cultivation (Table 1).
To examine the cytotoxic properties of TILs, 13 preparations

growing in cultures supplemented with rIL-2 were tested in a
4-h MCr-release cytotoxic assay 25-50 days after cultivation.

After recovery from storage in liquid nitrogen, the majority of

Table 1 Phenolypic flow cytometry analysis of cultured TILs
Phenotype of TILs was determined by FACS analysis performed with a 488-

nm algon laser on a Becton-Dickinson FACS. Fluorescein isothiocyanate-labeled
monoclonal antibodies Â»erepurchased from Becton-Dickinson Japan and used
at the appropriate dilution. Leu-4 recognizes mature T-cells (CD3); Leu-3a
recognizes class I restrictive cytotoxic/suppressor T-cells (CDS); Leu-2b recog
nizes class II restrictive helper/inducer T-cells (CD4); HLA-DR recognizes B-
cells. monocytes. macrophages, and activated T-cells.

PatientI234567891011121314151617Days
inculture2948433028.17273836316330592145703060282421466830285924S

ofpositivecellsCD3*929383727991778469828991929189929383959698859086879176CD4*85261314471219745432132610114514104378455034263767CDS*899073627491778668314969906792866088766411536161687115HLA-DR*958987858293867569718680739691908789798275908981768990
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Table 2 Characteristics of killing oj fresh Iunior cells by interleukin 2-actirated
lymphocytes

TILs from freshly excised tumor tissues were grown in TIL medium containing
2% human AB serum with 100 units/ml of recombinant IL-2. Experiments using
TILs from patients 5. 7. 9. and 15 were not performed because of a poor viability
of autologous tumor cells after cryopreservation. All experiments were made in
triplicate, and SD < 7%.

Effector
cellsPt.

1TILsPt.

2TILsPt.

3TILsPt.
4TILsPi.

6TILsPt.

8TILsPt.

10TILsPt.

11TILsPi.

12TILsPt.

13TILsPt.

14TILsPt.

16TILsPt.

17 TILsE:T

ratioTarget

cellsPt.

1 tumorcellsPt.
3 tumorcellsPt.
5 tumorcellsPt.
1fibroblastPt.
2 tumorcellsPt.
2fibroblastPt.
3 tumorcellsPt.
1 tumorcellsPt.
3 tumorcellsPt.
4 tumorcellsPt.
4fibroblastPt.
1 tumorcellsPt.
3 tumorcellsPt.
6 tumorcellsPt.
1 tumorcellsPt.
8 tumorcellsPt.
8fibroblastPt.
10 tumorcellsPt.
10fibroblastPt.
3 tumorcellsPt.
5 tumorcellsPt.
8 tumorcellsPt.
11 tumorcellsPt.
11fibroblastPt.
12 tumorcellsPt.
12fibroblastPt.
12 tumorcellsPt.
13 tumorcellsPt.
5 tumorcellsPt.
10 tumorcellsPt.
12 tumorcellsPt.
14 tumorcellsPt.
14fibroblastPt.
16 tumorcellsPt.
16fibroblastPt.
3 tumorcellsPt.
14 tumorcellsPt.
16 tumorcellsPt.
17 tumor cells50:135.516.619.28.143.114.617.417.610.136.49.315.69.431.713.314.69.629.810.416.619.220.445.87.236.611.228.231.48.49.310.312.88.529.86.424.321.528.630.315:124.615.914.85.924.711.49.210.09.718.510.

19.37.325.210.09.57.322.19.711.414.515.632.34.329.38.619.224.36.96.56.85.84.819.48.219.616.314.223.75:118.111.28.57.216.56.312.04.25.512.07.56.97.218.55.96.85.57.48.18.57.33.415.86.820.05.317.012.61.38.24.98.66.716.73.711.315.69.016.5Days

inculture*35403842313239454027415037

a E:T. effector to target: Pt.. patient.
* Days in culture when cytotoxic experiments were performed.
' Percentage of lysis.

cell populations (>70%) was confirmed to be tumor cells by
morphological and histochemical analysis using monoclonal
antibody to CA-125 antigen (15). Eight of 13 preparations were
CD8+ dominant and all except patient 3 expressed high cyto
toxic activity against autologous tumor cells. Three CD8+ TILs
(patients 1, 4, and 6) and one TIL with the mixture of CD4+

and CD8+ (patient 11) showed high cytotoxic activity against

only autologous tumor cells, not allogeneic tumor cells, even
though these tumor cells shared the same pathological pheno-
type. In contrast, TILs from patient 13 expressed the cytotoxic
activity to both autologous and allogeneic tumor cells. Three
preparations were CD4+ dominant when the cytotoxic experi
ments were performed. Two (patients 8 and 14) of three CD4+

TILs showed no cytotoxic activity even against autologous
tumor cells, although TILs from patient 17 lysed all four tumor
cells tested. All TILs, regardless of cell surface phenotype. killed
no autologous fibroblast representing normal cells (Table 2).

Our preliminary studies in murine tumor models have indi
cated that the prior administration of cyclophosphamide in
creased the antitumor activity of TILs and that an objective
antitumor response could be obtained without the administra
tion of rIL-2 (data not shown). Clinically, we administered 200
mg/whole body cyclophosphamide (whereas 50 mg/kg was used
in the murine experiments), because this was the dose of an
acceptable level to avoid side effects. The characteristics of 17
patients treated with TILs and their outcomes are shown in
Tables 3-5. The total number of TILs infused ranged from 1 to
4.1 x 10'", given in two or three divided doses. Of the seven

patients in whom the response to TIL therapy could be evalu
ated, one had a complete ( 14.3%) and four (57.1 %) had a partial
response. Tumor regression was observed at a variety of sites,
such as a primary ovarian tumor (Figs. 1 and 2) and mÃ©tastases
to lung, liver (Fig. 3), and lymph node. Of the four patients in
whom TILs were the initial therapy, three had objective evi
dence of cancer regression (75.0%). Of the three patients with
recurrent cancer following unsuccessful chemotherapy, two had
a partial response (66.7%).

However, the duration of response obtained by TILs in single
use lasted 3-5 months and as a result of regrowth of tumor,
four patients died of disease. One patient died of diabetes. After
2 infusions of TILs, two patients (patients 1 and 4) received
second-look operations and revealing a small number of live
cancer cells were found surrounded by necrotic tissue and
infiltrated by lymphocytes, even though no gross lesion was
observed. As a consequence of these findings, these two patients
were treated with an additional 2 courses of FCAP or a single
regimen of 254-S, since the contraindication for chemotherapy
was diminished after TIL treatment. The cause of this change
remained unclear. In patient 1, a tremor of the lower extremity
of unknown origin was noted. Patient 4 was constantly wheez
ing (as in asthma) and short of breath. Her decreased renal
function was improved after TIL treatment (creatinine, 3.5 mg/

Table 3 Patients treated with TILs

Patient1234567891(111121314IS1617Age

(yr)/
performance

status55/078/167/169/069/082/174/069/080/045/056/045/068/046/055/049/055/1DiagnosisOvarian

cancer, stageIII,Ovarian
cancer, stageIIIOvarian
cancer, stage III.recurrenceOvarian
cancer, stageIIIOvarian
cancer, stage IVrecurrenceOvarian
cancer, stageIVOvarian
cancer, stage lc.recurrenceOvarian
cancer, stageIIICOvarian
cancer, stageIVOvarian
cancer, stageIIbOvarian
cancer, stageII1COvarian
cancer, stageIIICOvarian
cancer, stageIII,Ovarian
cancer, stage IIL.Ovarian
cancer, stage IIIrecurrenceOvarian
cancer, stageIIIOvarian
cancer, stage III recurrenceHistopathologySerous

cystoadenocarcinomaPapillary
serousadenocarcinomaSerous

cystoadenocarcinomaEndometrioid
carcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaPapillary
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaSerous
cystoadenocarcinomaEndometrioid
carcinomaClear

cellcarcinomaPapillary
cystoadenocarcinomaPrevious

treatmentNoneNoneSurgery,

FCAPNoneSurgery.

FCAPNoneSurgery.

FCAPNoneNoneNoneNoneNoneNoneNoneSurgery.

FCAPNoneSurgery.

FCAPTumor

harvestSiteOvaryOvaryOmentumOvaryPleural

effusionOvaryLymph

nodeOvaryOmentumOvaryOvaryOvaryOvaryOvaryOmentumOvaryOmentum,

lymphocyte321316239.15133029191216121013615
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Table 4 Characteristics of therapy in 7patients treated with TILs" alone

TILs Response

Patient1234567Days
in

culture29,4843.

5030,4228,3727,

36,4438.6436,43Cells

infused
(x 10'Â°)1.54.12.13.31.42.11.8CD3/CD4/CD892/8/8983/26/7372/13/6279/14/7477/7/7784/12/8669/19/68SiteOvaryOvaryOvaryLiver

metastasisLung
metastasisOvaryLymph

node metastasisTypePartialPartialProgressiveCompletePartialNo
changePartialDuration

(mo)2Â»35Â»583Outcome
of

diseaseAliveDead

ofdiseaseDead
ofdiseaseAliveDead

ofdiseaseDead
of otherdiseaseDead
of diseaseResult

of
SLOCPositiveNDNDPositiveNDNDND

Â°Before treatment with TILs. all patients received 200 mg of cyclophosphamide/kg body weight each time.
* Two patients were treated with 2 additional courses of FCAP (patient 1) or 254-S (patient 4) before the outcome of recurrence, since contraindications to

chemotherapy were diminished after TIL treatment.
' SLO. second-look operation: ND, not done.

Table 5 Characteristics of therapy in 10 patients treated with TILs" plus chemotherapy

TILs Response of TIL + chemotherapy

Patient891011121314IS1617Days
in Cells infused

culture (x10'Â°)31.6330.5921,45,7030,6028.5424,6021,46,6830.

6628.5924.512.12.23.24.02.02.41.91.91.51.8CD3/CD4/CD8

Site82/74/3191/32/6991/26/6793/45/6095/10/7696/43/6498/78/1186/34/6117/3/1676/67/15OmentumLymph

nodemetastasisOmentumOvaryOvaryOvaryOvaryLymph

nodemetastasisOvaryOmentumTypeCompleteCompleteCompleteCompleteCompleteCompleteCompletePartialPartialNo

changeDuration

(mo)>1514>26>251317>26473RegimenFCAPFCAPFCAPFCAPFCAPFCAP254-S254-SFCAP254-SNo.
of Outcome of

coursesdisease5335344535AliveAliveAliveAliveAliveAliveAliveDead

ofdiseaseDead
ofdiseaseDead
of diseaseResult

of
SLO"NegativeNegativeNegativeNegativePositiveNegativeNegativeNDNDND

' Before treatment with TILs. all patients received 200 mg of cyclophosphamide/kg body weight each time.
*SLO, second-look operation: Negative response, complete surgical/histological response: ND. not done.

Fig. 1. Response to TIL infusion therapy
as illustrated by CT scans of a primary ovarian
tumor (patient 1). Left, prior to treatment with
TILs; right, 6 weeks after TILs, tumor size
decreased markedly.

Fig. 2. Response to TIL infusion therapy
as illustrated by CT scans of a primary ovarian
tumor (patient 2). Before (left) and 7 weeks
after (right) TIL infusion. Note the cystic
change in the tumor and the decrease in tumor
size after TIL infusion.

Fig. 3. Response to TIL infusion therapy
as illustrated by CT scans of a hepatic metas
tasis of ovarian cancer (arrow) (patient 4).
Before (left) and 6 weeks after (right) TIL
infusion. The later CT scan shows regression
of metastatic lesion.
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dl before; 1.5 mg/dl after). It was difficult to predict the re
sponse duration of TILs in these two patients, however they
have been clinically free from disease until the present as the
result of additional chemotherapy.

Of the 10 patients who were treated with FCAP or 245-S
and adoptive transfer of TILs, seven patients had a complete
regression of their cancers. The duration of the response ranged
from 13 to >26 months. Four patients had completed five
cycles of chemotherapy, while four received three and two
received four cycles of chemotherapy, because grade III toxicity
and mainly bone marrow suppression were observed in these
patients. One patient with fresh ovarian cancer was excluded
because she received only one cycle of FCAP and two infusions
of TILs (total 3.2 x 10'" cells). The response of this patient

was complete in the primary ovarian tumor and lasted 14
months (data not shown). The suppression of cell-mediated
immunity was not observed in any patient as determined by the
delayed type hypersensitivity to purified protein derivative,
phytohemagglutinin, or S. pyogenes SU polysaccharide. Sec
ond-look surgery was performed in seven patients treated with
TILs as was done in those receiving combined therapy. Six
patients treated with TILs and chemotherapy had microscopi
cally negative findings at the time of the second-look operation.
Multiple random biopsy specimens were obtained, as were
specimens for cytology obtained by washing the abdominal
cavity, after 5-7 months depending on the general condition of
patients. A representative case (patient 14) treated with com
bined therapy is shown in Fig. 4. After five cycles of 254-S and
three infusions of TILs, no tumor was detected by physical
examination, and the CA-125 level, a tumor marker specific

for epithelial ovarian cancer (15), decreased significantly. In
addition, a second-look operation performed 3 months after

TIL infusion failed to detect gross or microscopic residual
disease in multiple random biopsy specimens (complete sur-
gical/histological response). The only toxic effects associated
with TIL infusion and cyclophosphamide administration were
chills and fever in 30% of patients, which was treated easily by
50-mg indomethacin suppository when the temperature was
>39Â°C.

DISCUSSION

Rosenberg et al. (8) reported that the treatment of metastatic
melanoma with TILs, cyclophosphamide, and rIL-2 resulted in
a higher response rate than treatment with rIL-2 alone or with
LAK cells and rIL-2 (8). In our trials, response rate (CR + PR)
of 7 patients treated with TIL infusion alone was 75% (3 of 4)
and 66.7% (2 of 3) in previously untreated patients and in
heavily pretreated patients, respectively. This result suggests
that epithelial ovarian cancer is similar to metastatic melanoma
in sensitivity to TILs and that the injection of TILs is effective
against recurrent tumors as well as fresh tumors, although the
number of patients in our study was quite small. Hence, it
appeared that the transfer of TILs may be applicable to a wide
variety of cancers. According to previous reports of Rosenberg
et al. and our preliminary animal data indicating that pretreat
ment with cyclophosphamide resulted in a higher response rate
(data not shown), all patients treated with TILs also received a
single injection of cyclophosphamide (200 mg/whole body) with
each TIL infusion. It appeared that cyclophosphamide played

'87 '88

1 2 1

CA-125

(U/ral)
2000
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OP( GROUP B2 ) SLO(GROUP A)
TIL TIL
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O
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Fig. 4. Clinical course of patient 14. a 46-year-old woman with ovarian serous cystoadenocarcinoma. stage IIIC.Group A and B2. largest residual tumor was not
measurable or >2 cm in diameter, respectively, at the time of surgical laparotomy. Patient is free of tumor at present. She received one injection of i.p. and four
injections of i.v. 254-S instead of FCAP because of moderately decreased renal function (creatinine. 1.5 mg/dl). PHA, phytohemagglutinin: PPD. purified protein
derivative; SUPS, S. pyogenes SU polysaccharide. OP. operation; SLO, second look operation.
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an important role not as a direct anticancer drug but as a
modulator of a patient's immune system, because it has been

reported that only quite high doses (for example, at least 50
mg/kg), given as bolus injections, produced a substantial re
sponse rate in epithelial ovarian cancer (16, 17).

Immunological studies have been performed on the tumor
biopsy specimens obtained prior to treatment and on cultured
TILs. The majority of cultured TILs were CD'+/HLA-DR+,
indicating that TILs are activated T-cells and the relative num
ber of CD4+ and CD8+ cells differs among patients. In in vitro

cytotoxicity experiments, cytotoxic activity was detected in a
majority of CD8+ and in part of CD4+ TIL preparations, and

this activity was relatively tumor specific. As yet, it is unknown
whether the infusion of CD8+ TILs is necessary for successful

therapy. As regards survival of patients, five of seven patients
(patients 1-7) who were treated with TILs only died of the

disease or other disease within 2 years because of limited
durations of response. One would expect, for the following
reasons, that the effect of TIL infusion in our study was not
enough to kill all tumor cells: (a) shortage of cells infused, (b)
inadequate timing of infusion, (c) inappropriate route of infu
sion resulted in the less frequent chance of TILs to contact
tumor cells, (d) decreased anti-tumor activity of TILs. Seeking
the cooperative effect of TILs and anticancer drugs, we also
attempted to administer a cisplatin-containing chemotherapeu-
tic regimen in addition to TILs to patients with advanced or
recurrent epithelial ovarian cancer, since a cisplatin-containing
regimen has been a first-line therapy for epithelial ovarian

cancer for the past decade (2. 3, 18). The response rate (CR +
PR) obtained by the cisplatin-containing regimen in patients
with clinically detectable tumor residuals after primary opera
tion has been reported to be about 60% (2, 3, 19), and mean
while, the addition of TILs resulted in a higher response rate
in 9 of 10 patients (90%). In addition, second-look operations
performed in seven patients with complete response revealed
histologically complete remission in six patients (85.7%), al
though early second-look operations performed on patients
with epithelial ovarian cancer indicated that the authentic cis
platin-containing regimen resulted in a complete remission by
histological criteria in about 30% of patients with tumor resid
uals after primary surgery (19).

However, the difference in response between the combined
group and the chemotherapy only group appears to be nonsta-
tistically significant because the number of patients was quite
small ( 10 patients). Thus, we cannot exclude the possibility that
responses in the combined group might be only due to chemo
therapy and it appears to be premature to assess the therapeutic
effect of this combined procedure. This task should be solved
through retrospective studies of long-term survival. Combina
tion therapy with conventional anticancer drugs and TILs ap
pears to be worth trying in patients with advanced cancer, even
though it has been thought that chemotherapy interferes with
immunotherapy because of the immunosuppressive effects of
chemotherapeutic agents. It is unlikely that chemotherapy alone
can eliminate a large tumor mass because side effects and
acquired drug resistance by the tumor limit its effectiveness.
Additionally, numerous laboratory experiments have shown
that the success of chemotherapy is associated closely with the
host immune response and the immunogenicity of the tumor

cells (20, 21), Drug-resistant tumor cells often possess increased
immunogenicity and increase sensitivity to immunotherapy
(22-24).
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