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ABSTRACT

A Phase I trial of tumor-infiltrating lymphocytes (TIL) expanded in
vitro and administered on Days 1 and 8, with or without continuous
infusion recombinant interleukin 2 (rIL-2) in 25 patients with metastatic
renal cell carcinoma, was conducted. Eighteen of the 25 eligible patients
were treated with TIL and escalating doses of rIL-2 (0.0, 3.0, 4.5 x 10'
units/in2) on Days 1 to 5 and 8 to 12. Dose-limiting toxicity was pulmo
nary, and the maximum tolerated dose of rIL-2 was 3.0 x Id'' units/m2.

No clinical responses were observed. Immunological monitoring of pe
ripheral blood lymphocytes demonstrated significant increases in CD3+
and CD56+ cells, including the activated T-cell subsets. Phenotypic
analysis of cultured TILs demonstrated significant heterogeneity and the
presence of CD3+CD4+ and CD3+CD8+ T-cells, with CD3-CD56+
and CD3+CD56+ populations also present. The majority of cultured
TILs expressed HLA-DR and CD45RO, with a variable number express
ing CD25. The rIL-2-expanded TILs possessed cytotoxicity against
allogeneic and autologous tumor, with cytolytic activity against only
autologous tumor seen in one patient. Results demonstrate that in vitro
expansion of TILs is possible, but further studies are needed to define
the biology of TILs in renal cancer and to isolate and expand tumor-
specific T-cells.

INTRODUCTION

Early reports have demonstrated that highly sensitized
lymphoid cells when adoptively transferred can mediate tumor
regression in animal systems (1, 2). LAK5 cells in combination
with rIL-2 have also been extensively studied in animals (3-5)
and were demonstrated to mediate regression of established
mÃ©tastases(3-5). Studies of the LAK effector cells have dem
onstrated that they are heterogeneous and capable of killing
both allogeneic and autologous tumor (6). The majority of LAK
activity was mediated primarily by NK cells and secondarily by
MHC unrestricted T-cells (7, 8). Furthermore, these studies
suggested that treatment efficacy may be related to tumor
burden and the intensity of treatment with rIL-2 (3-5). While
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the clinical studies (9, 10) utilizing high-dose rIL-2 and LAK
cells have demonstrated definite responses in RCC, the overall
response rate was less than 25%, and toxicity was substantial.
Therefore, new approaches to adoptive immunotherapy having
increased activity and less toxicity are needed.

TIL represent part of the host immune response to human
malignancy and contain an enriched population of cells with
both cytotoxic and helper function that are reactive to the
autologous tumor (11). The majority of TIL expanded by rlL-
2 are composed of both CD3+CD4+ and CD3+CD8+ T-cells
(12-14). In addition, TIL have been demonstrated to contain
antigen-specific as well as nonspecific cytotoxic lymphocytes
(12-14). Finally, preclinical studies have demonstrated that
rIL-2-activated TIL are 50 to 100 times more effective in their
therapeutic potency than LAK cells (15). Finally, in several
reports, TIL administered to patients with metastatic malignant
melanoma, RCC, or lung cancer (16, 17) have produced tumor
regressions.

The present trial was initiated to further evaluate the toxicity
of this approach and characterize the TILs from patients with
RCC. The present trial utilized CI rIL-2 with TILs given on
Days 1 and 8. This report summarizes the results of this Phase
I trial and presents data that further characterize cultured renal
carcinoma TIL in terms of their phenotype and cytolytic
properties.

MATERIALS AND METHODS

Patient Population. Patients (>18 yr) with metastatic RCC, which
was surgically incurable, who had tumor tissue (primary tumor or
metastatic lesion) accessible for surgical removal, and had adequate
numbers of autologous TIL (>1 x 10') produced from their tumors

were eligible. Objectively measurable or Ã©valuabledisease was required.
Patients were also required to have a PS of <1 (Eastern Cooperative
Oncology Group), a life expectancy of >3 mo, and to be fully recovered
(>14 days) from any recent surgical procedures or any infection (>21
days). Minimal tumor burden was required and defined as having had
a previous nephrectomy, <30% liver involvement by tumor, absence of
central nervous system mÃ©tastases,and a normal serum calcium without
therapy in the presence of osseous mÃ©tastases.Prior radiotherapy (>28
days) was allowed for control of pain, but previous chemotherapy,
immunotherapy, or hormonal therapy was not permitted. Exclusion
criteria included any of the following: (a) a history of serious cardiac
disease (New York Heart Association Class III or IV) or a need for
antiarrhythmic therapy; (b) requirement for corticosteroids or nonste-
roidal antiinflammatory agents; (c) history of malignant hyperthermia;
(d) history of another curatively treated malignancy, except for basal
cell or carcinoma of the cervie in situ; (e) female patients who were
pregnant or lactating; (/) positive studies for HIV or HBsAG; (g) a
contraindication for the use of vasopressors; and (h) the presence of
significant effusion and/or ascites. Adequate organ function was also
required and was defined as WBC > 4,000/^1, platelets > 100,000/Ml,
hemoglobin > 10.0 g/dl (without transfusions), serum bilirubin (total)
< 1.5 mg/dl, serum creatinine < 1.5 mg/dl, creatinine clearance > 60
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ml/min, LVEF > 50%, a DLCO> 50% predicted, and a 1-min forced
expiratory volume (FEV^) > 75% predicted. Finally, informed consent
was obtained in accordance with Institutional and NCI guidelines.

Patients with a clinical or pathological diagnosis of metastatic RCC
who met the previous eligibility criteria underwent surgery for removal
of their primary or metastatic tumor. Specimens were then processed
for TIL preparation as outlined subsequently. When adequate TIL
growth (generally 4 to 6 wk) was seen, therapy was initiated. Biochem
ical and hematolgical baseline studies were repeated, and if present, the
status of their measurable disease was determined.

Treatment and Study Design. The rIL-2 (NSC 60064) used in this
trial was produced by Hoffman LaRoche. Inc., and supplied by the
NCI. It was produced using a gene cloned from human DNA that was
expressed in Escherichia coli. The rIL-2 had specific activity between 5
and 15 x 10* units/mg of protein, was reconstituted with sterile water,

and was administered as a constant infusion via the Pharmacia CADD
I ambulatory infusion pump in 100 ml of a 5% solution of dextrose in
water. Patients eligible for treatment received either TIL alone (Dose
Level I) or TIL in combination with escalating doses of rIL-2. The dose
escalation scheme and the patients evaluated and treated at each dose
level are illustrated in Table I. The TIL were administered without a
filter, via a central i.v. catheter on Days 1 and 8, over approximately
30 min. The rIL-2 was administered as a continuous i.v. infusion on
Days 1 to 5 and 8 to 12. At Dose Level IV, four patients also received
cyclophosphamide 48 h prior to therapy. The rationale for this is the
possible role of cyclophosphamide as an inhibitor of immune suppres
sion (18). Three to six patients were treated at each dose level and
observed for toxicity. No dose escalation within individual patients was
permitted. The MTD was defined as the dose below which three or
more patients experienced dose-limiting toxicity. Most patients re
ceived acetaminophen (650 mg p.o. every 6 h), ranitidine (150 mg p.o.
every 12 h) as prophylaxis for gastrointestinal bleeding, and meperidine
(25 to 50 mg i.v.) to control rigors throughout the course of treatment.
Hydroxyzine hydrochloride (25 mg i.v.) was given to control pruritus,
prochlorperazine (10 mg i.v. every 4 to 6 h) to treat nausea and
vomiting, and diphenoxylate hydrochloride with atropine sulfate (2.5
to 5.0 mg p.o.) to control diarrhea. Hypotension was managed with
fluid administration and/or phenylephrine hydrochloride (0.3 Mg/kg/
min) titrated to maintain the systolic blood pressure between 90 and
100 mm of Hg.

Study Monitoring. Within 14 days of the start of therapy, all patients
had a history and physical examination, complete blood count with
differential, serum chemistry profile (included were serum sodium,
potassium, creatinine, blood urea nitrogen, calcium, phosphate, lÃ¡clate
dehydrogenase, serum glutamic-oxaloacetic transaminase, alklaline
phosphatase, glucose, total bilirubin, uric acid, total protein, albumin,
chloride, and CO2), urinalysis, electrocardiogram, DLâ€ž,LVEF, chest
X-ray, and appropriate radiological studies to evaluate the presence of
measurable disease and the absence of CNS metalases. All patienls
were irealed on a regular oncology nursing floor. Vascular access was
obtained with a triple-lumen central venous calheter. Vilal signs were
obtained every 15 min during and for 30 min after the TIL infusion,
and every 4 h during the administraron of rIL-2. Toxicily and weighls
were evalualed on a daily basis, and lumor response was assessed using
slandardized criteria (Southwesl Oncology Group) al 28 days and
monlhly thereafter.

Laboratory evaluation during treaimenl included daily hemalological
sludies and biochemical sludies 3 limes weekly. NK and LAK aclivities
in peripheral blood were evaluated on two or three occasions prior to
therapy, and on Days 2, 5, 8, 12, 15, and 28. Likewise, mononuclear
cell subsets in Ihe peripheral blood were evalualed using three-color

flow cytomelry prior lo iherapy and on Days 2, 5, 8, 12, and 28.
Immunohislological examinalion of prelherapy lumor specimens and
follow-up specimens oblained by open or needle biopsy (Day 2 or 3 of
rIL-2) was also performed.

The NCI common loxicily crileria were ulilized. The occurrence of
Grade III or IV loxicily, wilh Ihe exceptions of fever and/or hemato-
logical abnormalities, was considered dose limiting. However, while the
cardiovascular, hepalic, neurological, and pulmonary loxicities of rlL-

Table 1 Treatment schema

DoselevelIIIIIIIVTIL,

>1.0x10'
cellsI.V.,Days

1and
8XXXXrlL-2

(units/m2/24
h)i.V.,Days

1 to5,Days
8 to1201.0

x10"3.0
x10'4.5
x 10'Patientsentered4597Eligiblepa

tientstreated34"56Cyclophosphamide(25mg/kg i.v. be
fore DayIf0004

Â°Administered 48 h before TIL infusion.
* At this dose level, 4 of 5 patients were eligible.

2 have been reporled as significanl, ihese loxicilies are readily reversi
ble. Therefore, the definitions of dose-limiling loxicity were modified
lo allow conlinued Iherapy within the limils of patient safety. Therapy
was held in the presence of a serum crealinine or a total bilirubin > 5.0
mg/dl, hypotension refractory to phenylephrine hydrochloride, altered
menial status or coma, and dyspnea at rest or a requiremenl for
mechanical venlilalory support. In the presence of these side effecls or
olher Grade III or IV toxicily, therapy was held until there was a relurn
lo a Grade I level. The rIL-2 was ihen resiaried wilh a 50% dose
reduclion. Development of any Grade IV nonhematological toxicity
required the discontinualion of Iherapy.

Human Renal Cell Carcinoma TIL Isolation and Expansion in Vitro.
The kidneys oblained from nephreciomies were perfused wilh 500 ml
of Hanks' balanced salt solution (Whiliaker Bioproducls, Walkersville,

MD) lo remove extraneous blood. The primary and metastatic tumors
were then processed as previously described (19).

The digested tumor material was placed in gas-permeable bags con
taining either X Vivo 10 media (Whittaker Bioproducts, Walkersburg,
MD), or AIM V media (Gibco Laboratories) at a lotal cell concenlralion
of 2.5 x 105/ml supplemented wilh 1000 units/ml of rIL-2 and incu
bated at 37Â°Cin 5% CO2 and 95% humidily. TIL cullures were

supplemenled on Day 10 wilh fresh medium and rIL-2, and then as
needed lo mainlain Ihe cell concenlralion at 2 lo 5 x 105/rnl. TILs

used for adoplive Iherapy were harvesled using Ihe SteriCell syslem (E.
I. Dupont De Nemours & Co.).

Isolation of Tumor Targets. After a 4-h incubation period in colla-
genase and DNase, 1 to 2 x IO6 tumor cells were placed in Primaria
grade tissue culline flasks (Beclon Dickinson, Oxnard, CA) and cul-
lured shori lerm as previously described (14). These shori-ierm cullures
represenled RCC as demonslrated by morphological examination and
by immunostaining with antibodies to epilhelial lumor cells in general
(AE1 and 3) and renal cell carcinoma in particular (Uro 2 and RCC).
When sufficienl cells were available, growlh in nude mice was demon-
slraled for shorl-lerm cultured tumors. This was attempted in six
instances, and in ihree tumor growlh was noled wilh 5 lo 10,000,000
cells per mouse. When examined hislologically, Ihe lumor resembled
renal cell carcinoma.

Daudi cells and Ihe renal cancer line RC2 (20) were mainlained in
complele RPMI and also used as largels for cylotoxicily sludies. Cell
lines were periodically tested for and found to be free of Mycoplasma
infeclion.

Cytolytic Activity. Delection of lytic activity was performed using a
4-h "Cr release assay (19). Various concentrations of cultured cells
were added to U-botlomed 96-well piales lo achieve effeclorlarget cell
ratios of 25:1, down to 0.78:1 (6 dilutions). In all 4-h 51Cr release

assays, spontaneous release never exceeded 20%.
Cylolylic activity was expressed as lytic unils per IO6 mononuclear

cells tested as determined from linear regression analysis of dose-
response curves, in which Ihe natural log (In) of the number of effeclors
is plotted against the percentage of specific lysis. One lytic unit was
defined as Ihe number of effector cells required to produce 15% specific
lysis of 5.0 x IO1targel cells in a 4-h period.

Three-Color Immunocytometry. Immunocytomelric analysis of PEL
was performed using a modification of a previously described method
(21). FITC-, PE-, and biotin-conjugaled monoclonal anlibodies were
used lo phenotypically identify and quant hate lymphocylic subsets and
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included the following: FITC-anti-CD4, PE-anti-CD8, biotin-anti-
CD3, FITC-anti-CD3, PE-anti-CD25, biotin-anti-HLA-Dr, PE-anti-
CD56, biotin-anti-CD8, FITC-anti-CDlla, and PE-anti-CD16c (Bec-
ton Dickinson, Gentrac, and Coulter). Antibody titers were adjusted
according to the fluoresence sensitivity of the flow cytometer (FAC-
Scan/BD) used. Isotypic controls for each particular subclass of im-
munoglobulin and system used were utilized to allow for the most
accurate delineation of positive and autofluorescent populations and to
control for nonspecific binding by a particular subclass of immunoglob-

ulin as compared with autofluorescent background.
Analyses on the FACScan were performed utilizing an argon ion

laser (Cyonics) with 15 mW of 488-nm excitation. Live gating of the
forward and orthogonal scatter channels, as determined by fluorescence
(CD45+ CD 14-) backgating, was used to this same end and to selec
tively acquire events for lymphocytes. Polymorphonuclear leukocytes
and monocytes were quantitated as nongated events derived from the
gating tube (FITC-anti-CD45, PE-anti-CD14, DC-anti-CD2). Individ
ual fluorescence populations were determined through the use of ac
quisition and contouring/quadrant analysis software [(FACScan Re
search Software) LYSYS and LYSYS II (Becton Dickenson)] as well
as simultaneous multiparameter analysis software [(Paint-a-Gate/Bec-
ton Dickenson)] run on a HP310 work station (Hewlett-Packard).
Results for selected subpopulations were reported as a percentage and
absolute number of total lymphocytes, corrected for nonspecific binding
by isotypic controls.

Biopsy Immunohistology. Baseline pretreatment and posttreatment
biopsy tissue was rapidly frozen in isopentane precooled to â€”130Â°Cin
liquid nitrogen and stored at <â€”70Â°Cuntil sectioning. Six-^m sections

were fixed in reagent-grade acetone (Fisher) for 10 min, air dried, and
immunostained with the avidin-biotinylated peroxidase complex
method (22). Mouse monoclonal antibodies to the following determi
nants were incubated with the sections at dilutions optimized for
tonsillar sections (30 min, ambient temperature): CD3; CD4; CDS;
CD56; CD16b; HLA-Dr; HLA-A+B+C; and CD22. Sequential incu
bation was done with biotinylated, affinity-purified, horse anti-mouse
immunoglobulin G (Vector), preformed avidin-biotinylated peroxidase
complex (Elite ABC, Vector), and the chromogenic substrate 3-amino-
9-ethylcarbazole/0.003% H2O2. Results were expressed using a semi-
quantitative scoring system. Additionally, tumor tissue obtained for
culturing TIL was examined for HLA-Dr expression.

Localization Studies. In selected patients, TILs were labeled with
"'In, and their in vivo distribution was determined. Approximately 10s
TIL were labeled with 1 mCi of ['"Injoxine and suspended in 10 ml of

autologous plasma. The labeling efficiency is then calculated, and cells
were resuspended in plasma. Activity is then measured in a dose
calibrator, and 500 nCi were injected into the patient. Images were
obtained at 6 and 24 h and areas of uptake compared with known sites
of metastatic disease. These studies were performed in three patients
24 to 48 h prior to initiation of treatment.

Statistical Analysis. Multiple determinations for the various inumi
nological parameters in peripheral blood were performed before therapy
(two to three) and during treatment. Data analysis was performed in a
manner similar to our previous publications (23, 24). The two or three
pretreatment studies and those obtained during treatment were aver
aged separately to obtain pretreatment and on treatment mean values.
The differences between baseline values and the treatment means were
calculated and examined for overall trends and for differences among
dose levels. The fold increase of the cultured TIL was examined for site
and medium effects as was the percentage of lymphocytes (subsets) in
the cultured TIL. All comparisons were made using nonparametric
statistical techniques, including the Kruskal-Wallis (25) and the Wil-
coxon rank sum and signed rank tests (26). Absolute lymphocyte subset
values were plotted throughout the follow-up period to examine their
longitudinal behavior.

RESULTS

Clinical. Twenty-six patients were entered into the study,
with one patient declared ineligible because of prior therapy

with rIL-2 and a-interferon. This patient was entered at Dose
Level II and was excluded from analysis. Twenty-five patients
were eligible, and 18 (72%) were eventually treated. Reasons
for nontreatment included inadequate TIL growth in two pa
tients, contamination of cultures in three patients, and rapid
disease progression before therapy could be started in two
patients. Of the patients treated, there were 17 males and one
female, with a median age of 56.5 yr (range, 30 to 73 yr).
Fourteen patients had a PS of 1 and four of 0. Five of these
patients presented with metastatic disease after a previous
nephrectomy, and two had received prior radiotherapy.

The toxic effects associated with therapy in the 18 patients
treated are summarized in Table 2. There were no previously
unrecognized or fatal toxic effects secondary to treatment, and
all side effects resolved completely after rIL-2 was discontinued.
Three patients failed to complete 2 wk of rIL-2 therapy because
of toxicity. Fever and/or chills were the only toxic effects
associated with TIL infusion. Most of the toxicities were sec
ondary to rIL-2 and appeared to increase in severity with
continued treatment. Moderate gastrointestinal toxicity in the
form of nausea and/or vomiting was seen in all patients. Renal
toxicity in the form of reversible serum creatinine elevations
was also common and seen in 83% of patients. Dose-limiting
toxicity occurred at Dose Level IV (rIL-2, 4.5 x IO6 units/m2)

and consisted of pulmonary toxicity in three patients. This
developed after 13, 15, and 17 days of rIL-2, respectively, and
was not related to TIL infusion. It was characterized by dyspnea
and hypoxia, but ventilatory support was not required. This
toxicity disappeared in 24 to 48 h following discontinuation of
rIL-2. Four patients at this level also received cyclophospha-
mide, and no differences in toxicity in this small subset were
noted. In view of this, the entire cohort of six patients treated
with 4.5 x IO6units/m2 of rIL-2 were considered a single group.

The MTD was therefore identified as Dose Level III (rIL-2, 3.0
x IO6units/m2). No treatment-related deaths occurred, and the
toxicity seen resembled that reported with CI rIL-2 (27, 28).

Table 2 Toxicity of therapy among eligible patients

Dose level

III IV

Treatment
TIL(>1 x 10')
rIL-2 x IO6units/m2 CI,

Days 1 to 5, 8 to 12
1.0

+
3.0

+
4.5

ToxicityparameterNausea/vomitingDiarrheaMucositisCreatinine1.6-4.5

mg/dlBilirubin
(total)1.6-2.25
mg/dl>2.25

mg/dlHypotensionGrade

1 or2Grade
3 (requiredpresseragents)Grade

4(refractory)PulmonaryGrade

3 (dyspnea atrest)Wt
gain5-10%

of bodywiNeurologicalNeutropenia1.000-2,000/^1Thrombopenia50-100,000/^13/30/30/32/30/30/31/30/30/30/30/30/31/3'0/34/42/42/42/40/41/4Â°1/40/40/40/40/41/41/40/45/53/53/55/52/50/51/51/50/50/51/50/50/52/56/66/63/66/61/61/63/61/61/64/6'3/61/6Â°2/65/6

Â°Unrelated to therapy.
11One instance unrelated to therapy.
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Eighteen patients were Ã©valuablefor response. No objective
tumor regression was seen; however, a single patient at Dose
Level IV demonstrated a minor decrease in the size of pulmo
nary nodules. Of the 17 remaining patients, 8 had stable disease,
and 9 had progressive disease at the end of 4 wk.

Growth of TIL in rIL-2. Growth characteristics of cultured
TIL are shown in Table 3. In the 18 patients who were treated
with TILs from the primary tumor or metastatic sites, the TILs
were expanded to sufficient numbers for infusion (>1.0 x IO9

cells). The level of TIL expansion in vitro was not significantly
associated with tumor site, metastatic versus primary, the degree
of initial lymphoid infiltrate, or the phenotypes of the TILs
(data not shown). The total number of TIL infused per patient
ranged from 1.2 x IO9to 3 x IO12,and in 8 of 18 patients > 1
x 10" cells were infused.

Phenotypes of Cultured TILs. Phenotypes of the cultured
TILs in the 18 eligible patients are presented in Table 4. In 14
of 18 instances >70% of TIL were T-cells with a CD3+ phe-
notype. The number of CD3+CD4+ and CD3+CD8+ subsets
within the cultured TIL varied considerably from one patient
to the next. In 4 of 18 patients, cells were predominantly
CD56+(Leul9+) and, in two of these cases, cells with the
phenotype of NK cells (CD3-CD56+CD8- or CDS-
CD 16a+CD56+) predominated. Therefore, analysis demon
strated that cultured TIL from renal tumors were mostly T-
cells, but were extremely heterogenous in their phenotypes. NK
cells rarely predominated in culture, although some prepara
tions did contain a significant number of these cells. The effects
of media on TIL growth and phenotypes were also examined,
since AIM V medium was used in 10 patients (Patients 9 to
24), and X Vivo was used in 8 (Patients 1 to 8). No differences
in growth or expansion were noted, but TIL cultured in AIM
V did have a significantly greater proportion of CD3+ cells
that were activated (CD25+HLADr+) when compared with X
Vivo medium (P < 0.02). Additionally, TIL with an NK phe
notype (CD16a+CD56+CD3-) were more frequent in cultures
containing AIM V (data not shown).

The relationship between phenotypes of TIL infused on Day
1 and HLA-DR expression in tumor tissue was also examined
(Table 5). Based on this preliminary analysis, HLA-DR expres
sion (>50% tumor cells) appeared to be associated with an
increase in growth of the CD3+CD4+CD8- subset of TIL (P
= 0.02). The frequency of CD4+ TIL in these cultures did not
appear to be explained by their numbers within the tumor
infiltrates. In a small subset of five TIL patients, the initial T-
cell infiltrate was examined by flow cytometry. The
CD3+CD8+ population (44%) was twice as frequent as the
CD3+CD4+ subset (19%). In a separate study, tumors of 13
patients were analyzed, and similar results were found with TIL
containing 29% CD3+CD8+ cells and 14% CD3+CD4+ cells.6

Cytolytic Activity of Cultured TIL. The cytolytic activity of
the cultured TIL is outlined in Table 6. The majority of cultures
displayed non-MHC-restricted lytic activity. In 12 of 14 in

stances, TIL were cytotoxic to autologous tumor targets, and
in one of 14 instances, cytotoxicity was detected against autol
ogous tumor only. Non-MHC-restricted cytotoxicity was found
against the Daudi cell line in 14 of 17 TIL cultures and against
the allogeneic renal carcinoma cell line RC-2 in 9 of 17 cultures.
In all TIL cultures except one (Patient 19), cytolytic activity
against autologous tumor cells or allogeneic cell lines was
present.

Table 3 TIL cultures in IS patients wilh renal carcinoma

Patient12367891114161718192021222324Tissue
resected

(g)405.774.449.4124.511.98.2148.092.072.5178.0268.987.524.38.630.415.554.658.7TumorCells
cul

tured"7.76

x10'5.00

x10Â«2.44

x10'1.36

x10'2.44

x10*9.50

xIO71.91

x10'9.70

x10"1.00

x10'1.39X

10'1.60

xIO92.87

x10'4.2

x10"6.0

xIO76.47

x10s7.26

x10"5.31
x10"1.45
x 10s%

lympho
cytes*68.553.467.053.426.776.881.870.076.670.052.051.073.962.875.667.070.365.0Day

of
culture283543SO3441263335422633273426332734293622291926253227342633383324TILNo.

of cells
infused5.35

x10'Â°9.37
x10'Â°7.10
x10*5.40
x10s1.20
x10'Â°1.21
x10'Â°2.22
x10'9.70
x10s1.03
x10'2.14
x10Â«6.71
x10'7.98
x10'4.24
x10'Â°7.46
x10'Â°2.60
x10'1.64X

10'1.20
x10'2.02
x10'2.24
x10'Â°9.39
x10'7.8

x10'Â°9.30
x10"6.48
x10"1.59
xIO'22.99
x10"6.99
x10"1.33
x10"3.17
xIO121.53
x10'Â°1.00
x10"7.80
x10'1.37
x10'5.50
x 10'Fold

ex
pansion'27.74.714.74.419.1201.374.86.24.232.71,207.81,527.73,193.387,738.9235.716.03.758.0

6 Unpublished data.

" Number of total cells cultured with 1000 units/ml of rIL-2.
* Percentage of lymphocytes present in the starting population after the 4-h

digest.
' Fold expansion was calculated by dividing the starting number of lymphocytes

into the total number of lymphocytes infused.

Changes in the Peripheral Blood of TIL + Interleukin 2-
treated Patients. Lymphocyte subsets in the peripheral blood of
14 treated patients were analyzed using three-color flow cytom
etry. At Dose Level I no significant changes from baseline were
observed; however, at the other dose levels, significant increases
in the CD3+ (P = 0.0009), CD56+ (P = 0.0012),
CD3+CD56+CD8- (P = 0.04), CD3-CD56+CD8- (P = 0.001 ),
CD16a+ (P = 0.05), CD16a+CD56+CD3- (P = 0.02),
CD8+CD3+CD4- (P = 0.0002), and CD8-CD3+CD4+ (P =
0.01) subsets with time were seen. The activated T-cell
subsets (CD3+CD25+HLADR+ or CD3+CD25-HLADR+)
also increased significantly with time (P - 0.0005). In con
trast, no changes were seen in the CD3+CD56+ and
CD3+CD56+CD8+ subsets. Figure 1 graphically illustrates
the data for several of these subsets in patients treated at Dose
Level III.

The cytolytic activity in peripheral blood versus Daudi and
autologous tumor was also examined. At Dose Level I, minimal
cytolytic activity against Daudi and/or autologous tumor was
detected. In contrast, for patients receiving rIL-2, cytolytic
activity developed within the first week of therapy and often
persisted to Day 15 or 29. The changes with time for patients
treated at Dose Level III are illustrated in Fig. 2.

Immunohistological and Localization Studies. These studies
were performed to examine for possible changes in tumor
infiltrate and or localization of TIL in metastatic lesions. Biop
sies were attempted in 10 patients, and in 5 instances, sufficient
material was obtained for analysis. In the majority of patients,
the predominant mononuclear cell-infiltrating tumors were a
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Table 4 TIL phenotyping following expansion in rlL-2
% oflymphocytes"Patient*

Media
Day inculture'CD3+

CDS + CD3 + CD4-
CD8 - CD3 + CD4+
CD25 + CD3 + HLADR+
CD25 - CD3 + HLADR+
CD56+
CD3 + CD56 + CDS-
CDS + CD56 + CD8+
CD3 - CD56 + CDS-
CD 16a + CD56 + CD3-1

X2898

664621.0

31.1
6277.4

04382.5002

X4398

114
151.1

2.1
91g7.7

19490.5003

X349207073.5

2.983
59.4

032
15.6006

X2627811

67.3

1.4
9085.2

638
359.2007

X3566037.13.2

2.855
784.2

38922323.5008

X2672939.322.3

1.0
69358.3

11717712.5009

X2792

165.83.2

0.3
86.153.8

1982676.01

811

X2682319.653.7

1.9
66.243.315412614.60014

A2793037.044.6

38.6
50.628.0

188722.00316

A2944

736.60.6

3.0
30180.5

10817.636.125417

A
2273869.51.5

4.2
69036.4

0914415.711

218

A
1992073.64.8

15.5
62236.0

172925.02019

A2597426.365.8

29.3
6686.8

0.55.90.30020

A2779

733.719.0

44.6
34623.5

771044.41

821

A
2690.6

52.2
26.9
49.0
39.0
15.6
4.4
7.6

3.5ND*22

A
3171.4

0.0
96.5
64.0

7.2
22.0
19.1
0.6
2.Ã•0.123

A
3328.2

21.8
0.4
0.0

14.0
80.4
21.4

7.7
51.323.524

A
3479.1

41.9
1.7

26.1
44.6
71.3
21.8
29.9
19610.1

" TIL were expanded in vitro with rIL-2 (1000 units/ml) and phenotyped using three-color flow cytometry at the times indicated. Results represent the percentage

of positive lymphocytes that stained with various combinations of monoclonal antibodies.
TIL from Patients 1 to 11 were expanded ex vivo medium (X) whereas TIL from Patie

' Day 1 of TIL infusion.
Ã¡ND, not done.

i Patients 14 to 24 were grown in Aim V (A).

Table 5 Relationship between HLA-DR expression on renal cell carcinoma and
in vitro growth of TIL subsets

TILsubsetCD3+CD3

+CD56+CD3

+ CD4 -CD8+CD3

+ CD4 + CD8-HLA-DRexpression*23+Â£2+

23+23+23+%

of positivelymphocytes"Mean

Â±SE74.5

Â±7.4
87.2 Â±4.725.9

Â±6.2
25.3 Â±6.546.9

Â±6.7
29.7 Â±10.811.0

Â±5.2
52.8 Â±15.2Median76.4

92.128.8

26.040.6

20.33.353.7Range28.2-98.6

71.4-97.42.4-61.2

6.4 +46.514.1-73.6

0.0-65.80.4-51.13.2-96.5P

value'0.350.750.150.02

Â°Percentage of TIL with specified phenotype as determined by three-color

flow cytometry on Day 1 of TIL infusion.
* Semiquantitative estimate of HLA-DR expression on tumor cells. HLA-DR

s 2+ (n = 10) indicates 0 to 50% of cells positive, and HLA-DR > 3+ (n = 5)
51 to 100% of cells positive.

' Wilcoxon's rank sum test.

Table 6 Cytolytic activity of cultured TIL
The assay was performed on TIL infused on Day 1.

Lytic units/ IO6TIL"Patient123567891114151718192021222324"Based

on 15%lysis.*
ND, not done.AutologousND420.975.2NDNDNDND42.544.2ND169.8148.31.00.016.65.60.026.742.3Daudi18.524.7136.848.00.0722.5ND144.30.09.9264.8141.7ND0.0654.953.517.61549.5174.0RC-20.0ND17.10.0ND30.20.12.50.00.0102.732.931.00.051.40.00.035.523.0

CD3+ lymphocyte, with few CD56+ cells detected. No changes
in the infiltrate following the administration of TIL and rIL-2
could be detected. Additionally, three patients received '"In-
labeled TIL. Follow-up scans at 6 and 24 h failed to demonstrate
localization in tumors, and the patterns seen represented uptake
by lungs, liver, and spleen. In two cases the majority of TIL
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were T-cell (71 and 79% CD3+), whereas in the third, the
predominant population (80%) were NK cells (CD3-CD56+).
The phenotypes of the labeled TIL populations are illustrated
in Table 4 (Patients 22, 23, and 24).

DISCUSSION

The present trial demonstrates the feasibility of large-scale
culture of TIL from primary tumors and metastatic lesions
obtained from patients with RCC. The toxicity of TIL alone
was minimal and, when administered with rIL-2, was similar
to that seen with continuous infusion of this cytokine (27, 28).
Several other reports (16, 17) utilizing TIL grown from patients
with RCC have appeared. The Phase I trial reported by Topa-
lian et al. (16) included four patients with renal cancer. High-
dose intermittent rIL-2 and cyclophosphamide were utilized in
this study, and one of four patients responded. In contrast the
study of Kradin et al. (17) used more frequent TIL administra
tion (3 times weekly) and continuous infusion of 1.0 to 3.0 x
IO6units/m2 of rIL-2 over 13 days. In this report, two of seven

patients had partial responses. In contrast to renal cancer, larger
numbers of patients with malignant melanoma have been
treated with TIL. In a Phase I/II trial, Rosenberg et al. (29)
reported on 20 patients, 10 of whom had partial tumor regres
sions, and in the paper by Kradin et al. (17), 3 of 13 patients
responded. The toxicities reported in these studies have re
flected the dose and schedule of rIL-2 utilized.

In our study, 18 patients were treated, and only one minor
tumor regression was observed. It is difficult to compare our
results with previously reported studies because of the following
differences: the use of various schedules of rIL-2 and TIL
administration; variations in TIL activations and growth; and
the use of cyclophosphamide. Additionally, the extreme heter
ogeneity of the cultured TIL infused makes comparisons diffi
cult. In our study, this was demonstrated by the detailed three-
color flow cytometry analysis. Thus, the heterogeneity of cells
may be a major contributing factor in abrogating or diluting
activity of any particular subset in the bulk population of TIL.
Additionally, the influence of the medium used and culture
conditions may be an important variable influencing the nature
of cultured TIL. Finally, the Phase I nature of the present trial
makes conclusions preliminary regarding the efficacy of TILs
prepared in this manner in patients with RCC.

Analysis of peripheral blood lymphocytes during TIL and
rIL-2 therapy demonstrated increases in CD56+ and CD3+
subsets. These results are similar to those reported for rIL-2
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1
"Ã³ â€¢

Day on Treatment

CD3*CD25-HLADr*

10 18 20
Day on Treatment

Day on Treatment

CD3*CD25*HLADr*

10 16 20
Day on Treatment

Fig. I. Phenotypic analysis of peripheral
blood lymphocytes from patients treated at
Dose Level III (rIL-2, 3.0 x 10' units/m2 CI

i.V.,Days I to 5, 8 to 12). Changes in absolute
numbers of CD3+, CD56+, CD3+CD25-
HLADR+, and CD3+CD25+HLA-DR+ sub
sets with time on therapy are illustrated.

200

200

10 15 20
Day on Treatment

vi. Autologous Tumor

10 15 20
Day on Treatment

Fig. 2. Cytolytic activity of peripheral blood lymphocytes against either Daudi
or autologous tumor in patients receiving TIL plus 3 x 10' units/m2 of rIL-2

(Dose Level III). Each line represents lytic activity of PBL from individual
patients.

alone (28, 30). In patients receiving TIL only, no changes in
lymphocyte phenotypes or cytolytic activity were detected. Lo
calization of TIL could not be demonstrated by either immu-
nohistological or radiolabeling techniques as in the report by
Kradin et al. (17). This is in contrast to studies (29) using
labeled TIL in patients with malignant melanoma and resem
bles the distribution in patients of labeled LAK cells (31).

Phenotypic analysis demonstrated that a significant portion
of the TIL are activated based on their expression of HLA-DR

(Table 4) and their expression of more permanent markers (32)
associated with an activated state (CD45RO+ and CDW29,
data not shown). Expression of the p55 (CD25) molecule of the
interleukin 2 receptor on cultured TIL was either low or mod
erate, which agrees with previous reports (16, 33). The inability
to detect the CD25 molecule on many of the TIL may indicate
that proliferation is mediated through the p70 molecules of
interleukin 2 receptor as has been reported for some TIL (34).
It is also possible that, because TAC is transiently expressed,
we analyzed the cells at a time when the protein was not
expressed at very low levels. A previous report by Kradin et al.
(33) with TIL from primary lung cancer has demonstrated that
CD25 peaked at 2 to 5 days after stimulation with phytohe-
magglutinin and then decayed rapidly.

Functional analysis of TIL from renal tumors demonstrates
that they display non-MHC-restricted cytolytic activity (35-

38). Previously we (35) and others (36) have shown that a
significant portion of the lytic activity of rIL-2-cultured TIL
from renal carcinomas was mediated by CD56+ lymphocytes,
particularly NK cells. These results are in agreement with
reports characterizing TIL from head/neck and ovarian tumors,
where it was found that most of the lytic activity of the cultured
TIL was attributable to LAK cells (38, 39). Thus, it appears
that most of the TIL that expanded in high-dose rIL-2 from
certain tumors are CD3+CD56- and are not generally cytotoxic.
However, we have reported that some long-term cultured TIL
which expressed the CD3+CD56- phenotype were cytotoxic for

the autologous tumor, although they were not specific (40). It
appears that, in contrast to melanoma, where specific MHC-

restricted CTL (14, 36) derived from tumor can be readily
demonstrated, autologous tumor-specific CTL from RCC have

been difficult to document and may represent an infrequent
population. Belldegrun et al. (41), however, have recently char
acterized a CD4+ tumor-specific CTL clone derived from the
ascitic fluid of a patient with RCC.

In conclusion, the lack of efficacy noted in this trial is not
surprising and may be related to several factors. These include
the heterogeneity of the cultured TIL and the absence of specific
cytolytic activity for autologous tumor in most cases. Strategies
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for activating and expanding of T-cell subsets with specific
helper of lytic activity are now being investigated.
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