
ORIGINAL ARTICLE
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Abstract The aim of this study was to demonstrate the
interest of using tumor-infiltrating lymphocytes (TIL) as
adjuvant therapy for stage III (regional lymph nodes)
melanoma. After lymph node excision, patients without
any detectable metastases were randomly assigned to
receive either TIL plus interleukin-2 (IL-2) for 2 months,
or IL-2 only. The primary endpoint was determination
of the duration of the relapse-free interval. Eighty-eight
patients determined as eligible for treatment were en-
rolled in the study. After a median follow-up of 46.9
months, for the study population the analysis did not
show a significant extension of the relapse-free interval
or overall survival. However, a significant interaction
(P<0.001) was found between the treatment and the
number of invaded lymph nodes. In the group with only
one invaded lymph node, the estimated relapse rate was
significantly lower (Padjusted=0.0285) and the overall
survival was increased (Padjusted=0.039) in the TIL+IL-
2 arm compared with the IL-2 only arm. No differences
between the two arms, either as regards the duration of
disease-free survival or overall survival, were noted in

the group with more than one invaded lymph node
whatever the number of invaded lymph nodes. Treat-
ment was compatible with normal daily activity. This
study demonstrates for the first time that the efficiency
of TIL in stage III melanoma (AJCC) is directly related
to the number of invaded lymph nodes, indicating that
tumor burden might be a crucial factor in the efficacy
and/or in vitro expansion of T cells specific for autolo-
gous tumor antigen, a finding which could be of value in
future vaccine development for the treatment of mela-
noma.
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Introduction

The incidence of malignant melanoma has been in-
creasing during recent years [19]. The efficiency of che-
motherapy remains limited, with a mean response rate of
15% and a short duration of response (mean of 6
months) [2]. The immunological characteristics of mela-
noma have been extensively studied for several years, and
are now being utilized to develop approaches to immu-
notherapy. Thus adoptive immunotherapy for melano-
ma is a therapeutic approach in which effector cells such
as tumor-infiltrating lymphocytes (TIL) with anti-tumor
reactivity can be transferred to a patient to mediate the
regression of existing tumors. The rationale for this ap-
proach is that melanomas are frequently infiltrated by
cytotoxic and cytokine-producing CD8+ T cells specific
for autologous tumor-associated antigens (TAA) [3], and
that the number of such T cells is probably a critical
factor in determining their capacity to eradicate mela-
noma cells. In some animal models, the adoptive transfer
of high numbers of TIL can indeed mediate tumor re-
jection [6, 7, 8, 12]. Furthermore, in advanced-stage
(stage IV AJCC) melanoma patients, clinical trials using
TIL combined with interleukin-2 (IL-2) have shown
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a response rate of 35% [4, 5]. However, independent
studies have concluded that the response rates of TI-
L+IL-2-treated melanoma patients were not different
from those of subjects treated with IL-2 only [10, 11].
Interestingly, it was retrospectively shown that objective
tumor regression was more frequently associated with
TAA-specific responses of the injected TIL [10].

Recently, we have demonstrated the feasibility and
tolerance of home-based adoptive immunotherapy in 6
patients with stage IV melanoma using TIL plus low
doses of subcutaneous (s.c.) IL-2. The TIL used in this
study were produced within a period of 6 weeks [20].
Tolerance was excellent, and positive responses were
obtained in 4 out of 6 patients. However, the responses
were of short duration, which is one major problem of
immunotherapeutic trials on cancer at the metastatic
stage. In this regard, one critical point regarding the
clinical efficiency of TIL might be the extent of tumor
burden. The therapeutic approaches involving stimula-
tion of the immunological system are indeed expected to
be more efficient in the context of limited tumor burden.
Regarding the latter, the use of adoptive TIL transfer
could be more relevant in an adjuvant situation.

Our study was based on the hypothesis that adjuvant
treatment with TIL and s.c. IL-2 could be effective in
AJCC stage III (palpable regional lymph nodes) mela-
noma patients who have not yet shown clinical evidence
of metastases. We carried out a randomized open trial to
assess treatment with TIL+IL-2 in patients with re-
gional melanoma lymph node metastases, but without
any detectable visceral metastases. In the present work,
the primary aim was to check the effect of TIL+IL-2
treatment on relapse-free survival in comparison to IL-
2-treated patients.

Materials and methods

Trial design

This prospective randomized trial was a home-based study. Patients
aged between 18 and 75 years had to meet the following criteria for
inclusion: histologically proven primary cutaneous melanoma
without any prior systemic adjuvant therapy; clinically apparent N1
regional lymph node recurrence occurring at any interval aftersur-
gery for primary melanoma of any depth (T1–4N recurrent M0); no
sentinel node dissection previously carried out; absence of visceral
metastases verified by physical examination, chest radiography,
liver echography and brain-chest-liver computed-tomography (CT)
scan; no history of other types of cancer except basal cell carcinoma;
white blood cell count over 4 · 109/l, hemoglobin levels over 11 g/
dl; creatinine, bilirubin, aspartate aminotransferase, alanine am-
inotransferase, and alkaline phosphatase concentrations less than
1.5 times those of the upper limit of normal; written patient consent.
Contraception was required in women of childbearing age. Ran-
domization was carried out as soon as the histology was confirmed.

After the histology had been confirmed, patients were randomly
assigned to receive either two injections of TIL (the first about 6
and the second about 10 weeks post-surgery, according to the
duration of the expansion) combined with IL-2 (Proleukin; Chiron)
or IL-2 only. IL-2 treatment began 6 weeks after lymph node re-
section in the control arm at the same doses. TIL were injected on
the same day as that on which IL-2 treatment was started in the
combined arm. IL-2 consisted of an s.c. injection of 6 · 106 IU/m2

per day, 5 days a week for 2 weeks. The same dose and duration of
IL-2 treatment was used for the second injection of TIL performed
1 month later. After 2 months adjuvant therapy, patients received
no other treatment. Only a regular follow-up was performed.

The trial was performed at only one center to ensure the re-
producibility of lymph node excision. This study was approved by
the ethical committee of Nantes (Pays de La Loire). Moreover, TIL
were obtained from a specific genetic and cellular therapy unit
(UTCG; CHRU, Nantes, France) under good manufacturing
practice conditions.

Our TIL culture method has been previously reported [9].
Briefly, TIL were isolated by culturing cryopreserved fragments of
stage III melanoma-invaded lymph nodes in two 12-well tissue
culture plates with X-vivo 15 medium (Biowhittaker, Walkersville,
Md) containing 150 IU/ml rIL-2 (Chiron, France) and 1 nM glu-
tamine (Biowhittaker) for 10 to 14 days. To perform high-fold
expansion, 1.8 · 106 of short-term culture TIL were plated at 300
viable lymphocytes/well with irradiated feeder cells into U-bot-
tomed microplates in 200 ll rIL-2 medium. Phytohemagglutinin
(PHA; Difco, Detroit, Mich.) was added on day 0 (15 lg/ml). After
48 h, most of the PHA was removed by replacing the culture me-
dium. Ten days later, lymphocytes were removed from the culture
plates, adjusted to 1 · 106 cells/ml in rIL-2 medium and transferred
into culture trays for an additional 10 days. The final TIL harvest
was obtained by centrifuging, washing and suspending the TIL in
4% human serum albumin (LFB, Les Ulis, France). A second TIL
expansion was performed within 1 month of the first from frozen
short-term culture TIL. Thus for each patient TIL production was
carried out twice, at a 1-month interval, with two independent TIL
cultures. Each culture expansion was initiated from 1.8 · 106 TIL,
a minimal amount that can be easily obtained from any melanoma
lymph node biopsy. The median number of TIL obtained after two
3-week periods of culture was 1.7 · 1010. The total amount of TIL
obtained from the first (R1) and second (R2) TIL expansion for
each patient varied between 0.22 and 3.34 · 1010 cells.

Flow cytometry analysis confirmed that only T lymphocytes
were present in all cases (100% CD3-positive cells).

The 88 TIL expansions (two expansions for each of the 44
patients) were all performed successfully, and then injected into the
patients. No technical problems were noted during these expan-
sions and all the bacteriological controls were negative.

Follow-up

In both treatment groups, clinical examination, full blood counts
and biochemical analyses were repeated every 15 days for the first 2
months, then every 2 months for 18 months, and finally every 3
months. Liver echography and brain-chest-liver CT scan were
performed every 6 months.

The date and site of first recurrence as well as the date and cause
of death were recorded. Adverse events were noted and the WHO
toxicity scale was used to grade their severity.

Statistical analysis

The primary endpoint was the duration of the disease-free interval.
The secondary endpoint was overall survival. To keep to a mini-
mum the number of patients required, and to ensure earlier termi-
nation of the study, it was carried out as a sequential trial using the
triangular test [22]. An improvement, i.e. 70% disease-free interval,
was expected for the experimental group, against 50% disease-free
interval for the control group at 2.5 years. Inspections were carried
out every 8 events. A working significance level of 0.05 against the
one-sided alternative was required, with a power of 0.90.

The Kaplan-Meier estimates and log rank tests were used for
the main efficacy analysis. The log-likelihood ratio test was used to
assess different factors. The Cox model was used to adjust treat-
ment comparison on baseline characteristics known to have a
prognostic significance, namely: Breslow thickness (<1.5 mm;
>1.5 mm), capsular breaking, number of detectable regional nodes
(1, >1), sex, age (<50 yr, 50 yr).
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Assumption of proportional hazards was checked for all fac-
tors. All interactions were tested. Because of a high interaction
between treatment and the number of invaded lymph nodes, an
additional analysis was performed. Determination of the alpha
level was based on the Bonferroni adjustment. A P value of 0.0345
or lower was considered to indicate statistical significance in the
final analysis [17]. Analyses were performed using BDMP7.0,
Splus2000 and PEST 3.

Results

Main efficacy analysis

The trial started on December 1, 1994. The seventh sequential
analysis was performed on May 11, 1999, by which time there had
been 28 relapses in the TIL group, and a similar number of relapses
in the IL-2 group (Fig. 1). As shown in Fig. 2, there was no sig-
nificant difference between the 2 groups (P=0.608), and patient
recruitment was terminated.

Long-term analysis

The following analysis was based on data collected in June 2000,
when all patients had completed 18 months or more of follow-up.

Study population

Eighty-eight patients were enrolled in the study, with 44 subjects in
each group; all patients received one of the two treatments and
were evaluated. The median follow-up was 46.9 months (range:
18.2–76.5 months) for the control group and 45.1 (range: 18.6–75.7
months) for the TIL group. The two groups were well balanced for
major prognostic factors of melanoma (Table 1).

Disease-free survival

Twenty-nine recurrences were recorded in the TIL+IL-2 group
and 31 in the control group. The median for relapse-free interval
was 9.9, CI95% (3.93–23.05) months for the TIL group and 9.21,

Fig. 1. Design of triangular test
and results of seventh sequen-
tial analysis. At seventh analy-
sis, the lower triangular
boundary was crossed, showing
no significant difference in
relapse between the two groups
(P=0.608)
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CI95% (4.69–14.13) months for the control group. This difference
was not significant (P=0.55, log rank test). None of the baseline
characteristics adjusted (Breslow thickness, capsular breaking, sex,
age, Clark stage) significantly increased or decreased the hazard
ratio of relapse in the overall group except for the number of de-
tectable tumor-invaded regional nodes (log-likelihood ratio test
<0.001; Table 2). The analysis of all interactions showed a sig-
nificant relation between treatment and the number of nodes
(P<0.01; Table 3). This means that the effect of the treatment
differed according to the number of invaded lymph nodes.

In the group with only one invaded node (n=34), the estimated
relapse rate was lower for the patients treated with TIL+IL-2 (5/
15) than for the control group (13/19) (P=0.019) (Fig. 3). The log-
likelihood of a Cox’s model, including all baseline characteristics
(sex, Breslow thickness, Clark stage) and treatment was 44.64. In
the other group, the log likelihood of the same model but without
treatment was 48.25. This difference means that there was a sig-
nificant effect of treatment in the group with one tumor-invaded
node (v2=7.23; P=0.007).

In the group with more than one tumor-invaded node (n=54),
the estimated hazard function for relapse showed that there were
24 relapses among the 29 patients treated by TIL+IL-2, and 18
among the 25 patients in the IL-2 control group. The difference
was not significant (log rank test; P=0.36; Fig. 4). The Cox’s
model adjusted on the others factors did not show an effect of
treatment in the group with more than one invaded node
(v2=0.25; P=0.62). There was no difference between two, three
or more invaded lymph nodes. With more than one invaded
lymph node, no interaction between TIL and relapse-free survival
was noted.

Overall survival

Twenty-four patients died out of the 44 in the TIL+IL-2 group,
and 26 out of the 44 in the control group. The median survival time
was 29.53±9.61 months for the TIL+IL-2 group and 19.96±4.04
months for the control group. This difference was not significant
(P=0.63, log rank test; Fig. 5).

None of the adjusted baseline criteria significantly increased or
decreased the hazard ratio of relapse in the overall group or in each
group except for the number of detectable regional nodes (log-
likelihood ratio test for the overall group: 0.001) (Table 3).

There was a significant interaction between treatment and the
number of tumor-invaded nodes (P<0.01). Treatment was then
assessed in each group of patients by the log-rank test.

In the group with only one tumor-invaded node (n=34), the
estimated survival rate was higher for the patients treated with
TIL+IL-2 (11/15) than for the control group (7/19) (log rank test;
P=0.026; Fig. 6). The same result was found with a Cox’s model
adjusted for all factors. The comparison of log likelihood between
the model with and without treatment showed a significant effect of
treatment in the group with one invaded node (v2=6.68; P=0.009).

In the group with more than one tumor-invaded node (n=54),
there was no difference in survival between the TIL+IL-2 group

Table 1. Patient characteristics according to treatment group

TIL+IL-2 (n=44) IL-2 (n=44)

Primary tumor site Head 7 0
Trunk 20 22
Limbs 16 20
Extremities 1 1

Breslow <1.5 9 (0.8±0.1) 9 (1.2±0.1)
>1.5 31 (4.3±0.5) 33 (3.6±0.3)

Invaded nodes =1 15 19
>1 29 25

Capsular breaking Yes 23 22
No 20 21

Table 2. P values of different
factors according to the judge-
ment criteria

Covariate Disease-free interval Overall survival
Hazard ratio (CI95%) P Hazard ratio (CI95%) P

Age 0.98 (0.96; 1.00) P=0.10 0.99 (0.97; 1.02) P=0.63
Sex 0.97 (0.58–1.61) P=0.91 0.921 (0.52; 1.61) P=0.77
Breslow thickness (<1.5 mm; =1.5 mm) 1.3 (0.672; 2.61) P=0.41 1.08 (0.53; 2.23) P=0.83
Clark stage (<4; =4) 6 missing data items 1.26 (0.74; 2.14) P=0.39 1.12 (0.63; 1.98) P=0.69
Capsular breaking 1.41 (0.84; 2.34) P=0.18 1.55 (0.87; 2.74) P=0.13
Node ulceration 1.19 (0.70–2.02) P=0.51 1.29 (0.72; 2.3) P=0.38
No. of detectable regional nodes 1.10 (1.04; 1.16) P<0.0001 1.11 (1.05; 1.17) P=0.0001

Fig. 2. Relapse-free survival in
the TIL+IL-2 group: this dif-
ference was not significant
(P=0.63; log-rank test)
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and the IL-2 control group (log-rank test; P=0.87; Fig. 7). The
Cox’s model adjusted on the other factors did not show an effect of
the treatment (v2 test, P=0.28). There was no difference between
two, three or more tumor-invaded lymph nodes. With more than
one invaded lymph node, no interaction between TIL and overall
disease-free survival was noted.

Safety

Among the 44 patients who received IL-2+TIL, all subjects ex-
perienced at least one adverse effect, and in all cases except one, this
was related to IL-2. In only one patient, it was related to TIL with a
fever that became apparent about 1 h after TIL injection, disap-
pearing spontaneously after 2 h. All the 44 patients in the IL-2 arm
experienced at least one adverse effect. These adverse effects were
IL-2-related, and were always grade 1 or 2. No patient presented
grade 3 or 4 toxicity. There was no drug-related mortality. No
patient withdrew from the trial as a result of one or several adverse
events. The most frequently occurring grade 1 or 2 adverse events
were those usually observed with low doses of IL-2: asthenia
(100%), influenza-like symptoms (100%), headache (n=78; 88%),
nausea and vomiting (n=38; 43%), dizziness (n=21; 23%), de-
pression (n=12; 14%). No cardiovascular symptoms, hematologi-
cal toxicity grade 3 or 4, or increase in liver enzyme levels grade 3 or
4 were noted. However, in all patients either erythema or inflam-

Table 3. Relapse percentage according to treatment and number of
invaded nodes (1 or >1). Data obtained in June 2000

TIL+IL-2 IL-2 All

1 invaded node 5/15 (33.3%) 13/19 (68.42%) 18/34 (52.94%)
>1 invaded
node

24/29 (82.75%) 18/25 (72%) 42/54 (77.77%)

All 29/44 (65.90%) 31/44 (70.45%) 60/88 (68.18%)

Fig. 3. In the group with only
one invaded lymph node, the
estimated relapse rate was lower
for the patients treated with
TIL+IL-2 than for the IL-2
control group (Padjusted=
0.0285; power=50.4%)

Fig. 4. In the group with more
than one invaded lymph node,
the estimated relapse rate
between the TIL+IL-2 group
and IL-2 group was not signi-
ficant (P=0.36)
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matory nodules could be observed at the site of the IL-2 injection,
which regressed within about 3 weeks.

Results and discussion

In the present work, we analyzed the effect on relapse-
free survival and overall survival in stage III melanoma
of TIL+IL-2 used as adjuvant treatment before any
cutaneous or visceral metastases became apparent. Pa-
tients treated with TIL+IL-2 and controls treated with
IL-2 only were well balanced for major prognostic fac-
tors of melanoma (Table 1): age, sex, Breslow thickness,
Clark level, number of invaded lymph nodes, and cap-
sular infraction. Another important point concerning

the methodology was that the lymph node excisions were
always performed by the same surgical team, thus
avoiding an external influence in the frequency of re-
lapses between the two arms related to the technique of
lymph node excision.

Thus, considering the overall population with stage
III melanoma and lymph node involvement, we have
shown that adjuvant administration of TIL plus s.c. low
doses IL-2 before cancer progression to the metastatic
stage does not significantly improve the duration of re-
lapse-free interval or overall survival. After a mean
follow-up of 46.9 months, the median survival time was
increased in the TIL+IL-2 group, with 29.53±9.61
months compared to 19.96±4.04 months in the IL-2
group, but without statistically significant value.

Fig. 5. The overall survival rate
between the TIL+IL-2 group
and IL-2 group was not signifi-
cantly different (P=0.367; log-
rank test)

Fig. 6. In the group with only
one invaded lymph node, the
overall survival rate was greater
for the patients treated with
TIL+IL-2 than for the IL-2
control group (Padjusted=0.039;
power=54%)
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Nevertheless, when we investigated the interactions be-
tween the different prognostic factors for melanoma, a
significant interaction between the efficiency of TIL
transfer and the number of invaded lymph nodes was
shown both for relapse-free survival and overall sur-
vival. In patients with only one tumor-invaded lymph
node, a significant increase in relapse-free survival
(P=0.019) and overall survival (P=0.026) was indeed
obtained in the TIL+IL-2 arm compared to the IL-2
arm. These results are independent of the usual major
prognostic factors for melanoma, i.e. Breslow, Clark,
sex, age and capsular infraction. The total R1 and R2
amounts of TIL injected in each patient varied between
0.22 and 3.34 1010 cells, with a median of 1.7 1010 cells.
We also found a lack of relation between the number of
TIL administered to each patient and the duration of
relapse-free survival or overall survival. In order to
validate our statistical analysis, we compared our con-
clusions and those obtained by the approach proposed
by Matthews and Altman [11]. The individualization
between one or more than one invaded lymph node is
based on the AJCC classification, bearing in mind that
the number of invaded lymph nodes is considered as a
prognostic factor. Our study clearly demonstrates that
the interaction between clinical results and TIL was only
present for the one lymph node category.

Furthermore, this adjuvant treatment with TIL plus
s.c. low doses of IL-2 over a 2-month period was very
well tolerated, with only grade 1 or 2 toxicity. The
main adverse effects were the inflammatory nodes at
the site of injection and asthenia that always remained
mild. No patient terminated treatment due to an
adverse event. Except for the TIL injection, which
necessitated one day’s hospitalization, the treatment
was administered at home with the help of a nurse and
was compatible with normal daily activity of short
duration.

To our knowledge, the long-term effect of an adop-
tive transfer of TIL melanoma used as an adjuvant
regimen for the treatment of stage III melanoma has
never been discussed previously. Our results indicate
that the extent of the disease, which in our study was
represented by the number of tumor-invaded lymph
nodes could be a crucial factor in determining the effi-
ciency of TIL treatment.

Three main hypotheses could explain the difference in
the efficiency of TIL treatment according to the number
of invaded lymph nodes. Firstly, a low tumor burden
could be essential for the efficiency of TIL activity
against melanoma cells. Secondly, the TAA-specific T
cells could be more frequent at the early stage of lymph
node invasion and thus the expansion taking place at
this stage of the disease would be more efficient in pro-
viding high amounts of tumor-specific lymphocytes.
Interestingly, according to this hypothesis, we have
previously reported that a lack of tumor-reactive TIL
production by expansion mainly occurs in patients with
several tumor-invaded lymph nodes, but rarely in sub-
jects with a single invaded node [13]. The results ob-
tained from in vitro experiments are comparable to our
present clinical data, and suggest that the tumor-reactive
TIL mainly present in melanoma lesions during the early
stages, disappear with the progression of the disease.
Such a decrease (or disappearance) of specific tumor-
reactive TIL with the progression of the disease might be
induced by chronic stimulation of the reactive T cells by
tumor-derived antigenic peptides, leading to antigen-
mediated cell death or anergy of specific reactive T cells
[1]. A third hypothesis to explain the difference in the
efficiency of the TIL according to the number of invaded
lymph nodes could be related to the development of
immunological escape mechanisms by the melanoma
cells with the progression of the disease, such as the loss
of expression of molecules implicated in the activation of

Fig. 7. In the group with more
than one invaded lymph node,
there was no difference in over-
all survival between the
TIL+IL-2 and the IL-2 control
group (P=0.87)
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specific TIL. These molecules could be HLA class I
antigens, tumor antigens [16], or some integrins whose
expression has been noted to decrease with the pro-
gression of the disease [21]. Another mechanism of im-
munological escape could be the production by
melanoma tumor cells of cytokines inhibiting the acti-
vation of reactive T cells, such as IL-10 or alpha-MSH
with the spread of this disease [18].

In conclusion, our results strongly suggest an inter-
action between TIL as adjuvant treatment in stage III
melanoma patients and the number of invaded lymph
nodes. This means that the effect of the treatment dif-
fered according the number of invaded lymph nodes.
This strongly suggests that T cells specific for autologous
TAA are present at an early stage in the development of
this disease, and indicates the possible interest of ob-
taining melanoma-reactive TIL from early-stage lesions
as nodes in transit and even as sentinel lymph nodes.
This information could be crucial for the future devel-
opment of vaccination treatment in melanoma patients.

Acknowledgements This work was supported by grants from the
French Ministry of Health, INSERM, the Ligue Contre le Cancer
and AFM; interleukin-2 was kindly provided by Chiron.

References

1. Alexander-Miler MA, Leggatt GR, Sarin A, et al (1996) Role
of antigen, CD8, and cytotoxic T lymphocyte (CTL) avidity in
high dose antigen induction of apoptosis of effector. CTL. J Exp
Med 184:485

2. Becker JC, Kampgen E, et al (2000) Classical chemotherapy for
metastatic melanoma. Clin Exp Dermatol 25:503

3. Dalgleish A (1996) The case for therapeutic vaccines. Mela-
noma. Res 6:5

4. Dillman RO, Oldham RK, Barth NM, et al (1991) Continuous
interleukin-2 and tumor-infiltrating lymphocytes as treatment
of advanced melanoma. A national biotherapy study group
trial. Cancer 68:1

5. Goedegebuure PS, Douville LM, Li H, et al (1995) Adoptive
immunotherapy with tumor-infiltrating lymphocytes and in-
terleukin-2 in patients with metastatic malignant melanoma
and renal cell carcinoma: a pilot study. J Clin Oncol 13:1939

6. Granziero L, Krajewski S, Farness P, et al (1999) Adoptive
immunotherapy prevents prostate cancer in a transgenic animal
model. Eur J Immunol 29:1127

7. Greenberg PD (1991) Adoptive T cell therapy of tumors:
mechanisms operative in the recognition and elimination of
tumor cells. Adv Immunol 49:281

8. Hanson HL, Donermeyer DL, Ikeda H, et al (2000) Eradica-
tion of established tumors by CD8+ T cell adoptive immuno-
therapy. Immunity 13:265

9. Jotereau F, Pandolfino MC, Boudart D, et al (1991) High-fold
expansion of human cytotoxic T-lymphocytes specific for
autologous melanoma cells for use in immunotherapy. J Im-
munother 10:405

10. Kawakami Y, Eliyahu S, Jennings C, et al (1995) Recognition
of multiple epitopes in the human melanoma antigen gp100 by
tumor-infiltrating T lymphocytes associated with in vivo tumor
regression. J Immunol 154:3961

11. Matthews JNS, Altman DG (1996) Statistics notes: interactions
3: how to examine heterogeneity. Br Med J 313:862

12. Mitsuma S, Yoshizawa H, Ito K, et al (1994) 5-S adoptive
immunotherapy mediated by anti-TCR/IL-2-activated tumour-
draining lymph node cells. Immunology 83:45

13. Pandolfino MC, Labarrière N, Tessier MH, et al (2001) High-
scale expansion of melanoma-reactive TIL by a polyclonal
stimulus: predictability and relation with disease advancement.
Cancer Immunol Immunother 50:134

14. Rosenberg SA, Packard BS, Aebersold PM, et al (1988) Use of
tumor-infiltrating lymphocytes and interleukin-2 in the immu-
notherapy of patients with metastatic melanoma. A preliminary
report. New Engl J Med 319:1676

15. Rosenberg SA, Yannelli JR, Yang JC, et al (1994) Treatment of
patients with metastatic melanoma with autologous tumor-in-
filtrating lymphocytes and interleukin 2. J Natl Cancer Inst
86:1159

16. Ruiz-Cabello F, Klein E, Garrido F (1991) MHC antigens in
human tumors. Immunol Lett 29:181

17. Sankoh AJ, Huque MF, Dubey SD (1997) Some comments on
frequently used multiple endpoint adjustment methods in
clinical trials. Stat Med 16:2529

18. Seo N, Hayakawa S, Takigawa M, Tokura Y (2001) Interleu-
kin-10 expressed at early tumour sites induces subsequent
generation of CD4(+) T-regulatory cells and systemic collapse
of antitumour immunity. Immunology 103:449

19. Serraino D, Fratino L, et al (1998) Epidemiological aspects of
cutaneous malignant melanoma [review]. Oncol Rep 5:905

20. Tessier MH, Pandolfino MC, Jotereau F, et al (1996) Home
therapy with autologous tumour-infiltrating lymphocytes and
subcutaneous interleukin-2 in metastatic melanoma. Eur J
Cancer 32A:735

21. Van Belle PA, Elenitsas R, et al (1999) Progression-related
expression of beta 3 integrin in melanomas and nevi. Hum
Pathol 30:562

22. Withehead J (1992) The design and analysis of sequential
clinical trials. 2nd edition, Ellis Horwood

546


