Review paper 1

Interleukin-2 for the treatment of solid tumors other than
melanoma and renal cell carcinoma
Carlos Grande?, Jose Luis Firvida®, Victor Navas® and Joaquin Casal®

Interleukin-2 (IL-2) is a lymphokine produced by T cells
whose main function is to stimulate the growth and
cytotoxic response of activated T lymphocytes. It has been
used to stimulate the immune system for the treatment of
multiples tumors. This article is intended to review the
reports published from 1990 to 2004 on the IL-2 treatment
of tumors other than melanoma and renal carcinoma. A
literature search was made in various databases
(MEDLINE, EMBASE and BioAssay), focused on IL-2
clinical efficacy in such tumors. A selection was made over
150 publications reporting on administration of IL-2 in
multiple tumors: lung carcinoma (small cell and non-small
cell), colorectal, gastric, pancreatic, ovarian and breast
cancer, sarcomas, hepatocarcinoma, mesothelioma, and
brain, urological, and head and neck tumors. IL-2 was
mainly used in metastatic disease, associated with other
immunotherapy or chemotherapy schedules. We conclude
that adjuvant IL-2 may be of value in early stages combined
with standard treatment for colon and pancreas cancers. In
other neoplasms, the indication for adjuvant IL-2 has been
sporadic and does not allow conclusions to be drawn.
Assessment of the efficacy of IL-2 combined with
chemotherapy as treatment for advanced stages is

Background

Interleukin-2 (IL-2) is a lymphokine produced by
activated T cells whose main action is to enhance the
growth and cytotoxic response of activated T cells [1-6].
It has been shown that low IL-2 levels are correlated to a
decreased survival in patients with advanced disease [7,8].
After the studies by Rosenberg in the late 1980s in the
National Cancer Institute (NCI) that showed the anti-
neoplastic activity of 1L-2, various trials were undertaken
with different IL-2 regimens which showed a 15-20%
response rate in melanoma and metastatic renal cancer, as
well as a significant activity in other neoplasms such as
lymphoma, and lung, colorectal and ovarian cancer [9-14].

In the early 1990s, in an attempt to improve activity,
multiple trials were conducted with IL.-2 in combination
with other forms of immunotherapy and chemotherapy
[15,16]. Subsequent studies analyzed the doses and
administration routes, supported the efficacy and showed
10-year survival in 5-10% of patients [17-20].

Objective
We have reviewed studies conducted with I1.-2 in many
neoplasms other than hypernephroma and melanoma in
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complex, due to the lack of a control, and the variety of
dosages and schemes. The activity of IL-2 in monotherapy
or in association with immunotherapy is clinically relevant
in hepatocarcinoma, mesothelioma and in malignant
overflows as palliative treatment. Randomized trials
would be required in order to be able to draw conclusions
about its indication in other tumors. Anti-Cancer Drugs
17:1-12 © 2006 Lippincott Williams & Wilkins.
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order to evaluate the evidence to use this drug in such
tumors.

Methods

A selection was made of 153 articles published from 1990
to May 2004 on the effects of IL-2 in solid neoplasms
other than melanoma and renal cell carcinoma, paying
particular attention to articles reporting therapeutic
efficacy. As a general rule, articles in which this
lymphokine has been investigated in animal experiments,
in preclinical studies or as an immune response mediator
from other therapeutic modalities were not included. A
literature search was made in standard medical databases
such as MEDLINE, PubMed and BioAssay.

Results

Non-small cell lung carcinoma (NSCLC)

In recent years, extensive research has been conducted in
lung cancer, both on the role played by the immune
system in the recognition of specific tumoral antigens and
on the development of new therapeutic strategies against
critical biological changes, such as inhibition of growth
factors and transduction signals, induction of apoptosis,
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antiangiogenesis, immunotherapy using cytokines, vac-
cine treatments, and gene therapy [21,22].

Various studies have established the relationship of 1L.-2
with NSCLC and its prognostic value in this condition: a
decrease in IL-2 has been correlated to tumor progression
and the development of metastatic disease, and has been
shown to be a negative predictor for response to
chemotherapy and survival [23-28].

The role of immunotherapy alone or combined with
chemotherapy has been extensively reviewed in advanced
or metastatic NSCLC for the purpose of improving the
poor results achieved with standard cytostatic treatment
in terms of response rate and survival [22,29].

With regard to IL-2, its activity has been investigated in
small series of patients with advanced NSCLC (Table 1),
both as monotherapy [30-33] and in combination with
other immunotherapy schemes, such as tumoral necrosis
factor (TNF) [34,35], melatonin [33], interferon (IFN)-
o [36,37], IFN-B [32], lymphokine-activated killer (LLAK)
cells [38] and tumor-infiltrating lymphocytes (TILs)
[39]. Efficacy was minimal, with an objective response
(OR) rate of 5% (nine of 175 patients) in all of the 10
series reviewed [30-39].

Lissoni ¢z al., authors who extensively researched the
efficacy of IL-2 in this and other neoplastic sites,
conducted a randomized study in 60 patients with
advanced NSCLC [40] treated with immunotherapy
based on IL.-2 s.c. plus oral melatonin versus chemother-
apy with cisplatin and etoposide. Similar response rates of
24 and 19% were found, but a significant improvement
was seen in l-year survival for the group treated with
immunotherapy (45 versus 19%, P < 0.02).

The potential role of biochemotherapy in advanced
NSCLC has also been investigated. Trillet-Lenoir [41]
reported one partial response (PR) and one minor
response, both in bronchoalveolar carcinoma in three

patients treated with IL-2 as continuous infusion
followed by cisplatin. In the Tummarello study,
Table 1 Use of IL-2 in NSCLC
Author Reference Treatment Route n OR
Ardizzoni et al. [30] IL-2 i.v. 11 0
West et al. [31] IL-2 i.v. 5 1
Tester et al. [32] IL-2 iv. 39 2
IL-2 +IFN-B iv. 37 1
Lissoni et al. [33] IL-2 s.C. 9 0
IL-2 + melatonin s.C. 12 3
Yang et al. [34] IL-2+TNF i.v. 16 1
Schiller et al. [35] IL-2 +TNF i.v. 15 0
Rosenberg et al. [36] IL-2 4+ IFN-o. iv. 7 0
Jansen et al. [37] IL-2 4+ IFN-o. i.v. 11 0
Rosenberg et al. [38] IL-2 + LAKs i.v. 5 1
Kradin et al. [39] IL-2 +TILs i.v. 8 0

consolidation with IL-2 and IFN-a in combination with
cisplatin, vinblastine and mitomycin did not improve
survival and clearly increased toxicity [42]. Finally, the
combination of cisplatin and epirubicin with IL-2 as
biochemotherapeutic treatment in 33 patients in stages
ITIB and IV achieved 30% ORs, with a median survival of
15 months and a 1-year survival of 55% [43].

Various authors have investigated the role of intrapleural
administration of 1L.-2 as palliative treatment for meta-
static pleural effusion secondary to different solid tumors
including NSCLC [44-49]. Miyao ez a/. [47] published
the results of treatment with intrapleural IL-2 of eight
patients with pulmonary adenocarcinoma and pleural
effusion. According to Paladine evaluation criteria, two
complete responses (CRs) and three PRs were obtained.
Massotti ez al. [48] subsequently administered intrapleur-
al IL-2 in 21 patients, obtaining seven CRs and six PRs,
with a median response duration of 8 months. Finally,
Lissoni [49] reported his experience with intracavitary
IL-2 in 100 patients with metastatic pleural effusion. In
this study, in addition to other primary tumors, 20
patients had lung cancer and pleural effusion. Five CRs
(25%) and nine PRs (44%) were reported. Seven
additional patients with lung cancer and pericardial
effusion were also treated with the same IL-2 regimen
by the intrapericardial route, and four CRs and two PRs
were obtained.

IL-2 has been occasionally used in early NSCLC stages
combined with surgery and administered before surgery
or as an adjuvant.

In 1998, Massotti er a/. [50] reported the results of a
randomized phase II study on 40 patients comparing [1.-2
followed by surgery and surgery alone in stage II and ITTIA
NSCLC. The objective was to show that treatment with
this cytokine can prevent lymphopenia secondary to the
immunosuppressive effect of surgery [51]. In the
treatment group, IL.-2 was administered for 3 days before
surgery; in this group, the counts of total, CD3 ", CD4*
and CD4/CD8 lymphocytes were significantly higher
in the 14th post-operative day as compared with the
control group. After a 24-month follow-up, eight
patients remained disease free in the treatment group,
as compared to four patients in the control group.

Adjuvant post-surgery treatment with immunotherapy
based on IL-2 has been investigated in combination with
TTLs [52-54] or LAK cells [55,56]. In the Ratto study
[52], 113 patients with stage II and III NSCLC
undergoing surgery were randomized to IL-2 plus TILs
versus observation in stage Il patients or the same
immunotherapy regimen plus radiotherapy versus radio-
therapy alone in stage III patients. The median survival
was 14 months in the control arm as compared with
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22 months in the immunotherapy arm (P <0.05). In  extensive disease) treated with CAV/PE alternating
stage II patients, survival was 22 months for the control chemotherapy, with IL-2 in continuous infusion being
group and 31 months for the immunotherapy group associated in 11 patients. Despite the high response rate
(P=0.5). In stage III patients, survival was 8 months in of 93%, with 53% CRs, the median survival was 13
the control group and 22 months in the group receiving months for limited disease and 9 months for extensive
IL-2 (P<0.01). In this stage, a significantly greater disease — similar results to those reported with conven-
number of local relapses were seen, but no statistically tional chemotherapy. The study concluded that com-
significant differences were found in distant relapses. bined treatment with biochemotherapy does not improve
results.

In a study by Yano ¢ 4/, 19 patients with post-surgical
stage I NSCLC received 1L.-2 and LAK cells obtained Colorectal cancer
from regional lymph nodes during surgery. When the Colorectal cancer is probably the solid tumor other than

results were compared with those of a control group, melanoma and renal carcinoma in which treatment with
consisting of 21 stage I patients undergoing surgery 112 has been most frequently tried, mainly for palliative
during the same period and with no adjuvant treatment, ~ Purposes in metastatic disease and administered in
no differences were found either in disease-free interval ~ combination with other forms of immunotherapy or
or overall survival [55]. chemotherapy.

With regard to immunotherapy regimens, in patients with
colorectal carcinoma progressing on previous treatment
with 5-fluorouracil, in an attempt to increase the efficacy
of IL-2, the association of this cytokine with other
immunotherapeutic agents (Table 2) such as IFN-a [63],
IFN-B [64,65], arginine [66], melatonin [67], monoclonal
antibody CC-49 [68], TILs [69] and more recently
edrecolomab [70] has been tested. The efficacy of these
combinations has been minimal, with an OR rate in the
eight series analyzed of 6% (eight of 120 patients). In the
article by Chang e &/, when IL-2 was combined with
IFN-q, four short-lived PRs were recorded in 24 patients
evaluable [63]. In another series where IL-2 was
combined with IFN-B, one PR was achieved in 15
patients [64]. In the Barni ez 4/ study, 50 patients pre-
treated with fluorouracil were randomized to treatment
with s.c. IL. plus melatonin or support care. In the
In two consecutive studies [60,61], the Cancer and treatment arm, PR was documented in three cases, and
Leukemia Group B (CALGB) investigated the potential 1-year survival was nine of 25 patients, whereas in the
role of IL-2 in SCLC. In the first study, IL-2 was support arm 1-year survival was three of 25 patients [67].
administered as continuous infusion to 24 patients who N response was shown in all other studies. A review of
had not achieved a CR after chemotherapy with cisplatin, recent literature on immunology and immunotherapy in
doxorubicin, cyclophosphamide and etoposide. A CR was colon and rectum cancer, published by Dalerba in 2003,
achieved in four patients and a PR in 1 patient, with an confirmed that immunotherapy based on IL-2 and IFN is

overall response of 21%. The median survival was 12 clinically ineffective for the treatment of colorectal
months. The same group subsequently investigated the  carcinoma [71].

activity of the reverse sequence, consisting of IL-2 s.c.
followed by chemotherapy with cisplatin and etoposide in 1 the field of biochemotherapy in metastatic colorectal
10 patients with disseminated SCLC. After the IL-Z  cancer, usually as first-line treatment, IL-2 has been
regimen and with a significant toxicity, a PR and a

stabilization were only seen, while eight patients showed Table 2 Use of IL-2 in colorectal cancer - |

early progression. In the eight patients who subsequently

A second study, Kimura er &/ [56] randomized 105
patients with non—curative pulmonary resection to
standard treatment with radiotherapy and/or chemother-
apy versus the same approach, but followed by therapy
with IL-2 and LAK cells for 2 years. Survival at 7 years
was 12% in the first group, as compared with 39% in the
group associating biological therapy (P <0.01). In the
analysis by histological types, the subgroup showing a
significantly favorable effect of immunotherapy was the
adenocarcinoma group (survival of 5 versus 39%).

Small cell lung carcinoma (SCLC)

In SCLC, studies have also documented that IL-2
suppression at the time of diagnosis is an independent
predictor of response and survival [57-59].

. . Author Reference Treatment Route n OR
received chemotherapy, one CR and 7 PRs were achieved,

. . . . . Chang et al. [63] IL-2 + IFN-o i.v. 29 4
with a median survival of 12 months. DeBrond etal  [64] L2+ IFN-B o )
Barni et al. [65] IL-2 +IFN-B s.C. 15 0

. . . . : Douillard et al. [66] IL-2 + arginine S.C. 6 0

A fu.rtl.lcr therapeuuc appr.oach 1nvest%gatcd in SCLC is Bori of al 671 Lo + melatonin oo 08 3
administration of IL-2 with alternating chemotherapy Triozzi et al. [68] IL-2 + AC.CC49 iv. 14 0
schemes. Thus, Pollera ez a/. [62] designed a preliminary Ridofi et al. (69l IL-2+TILs i.v. 4 0
Fiedler et al. [70] IL-2 + edrecolomab S.C. 12 0

study in 17 SCLC patients (10 limited disease and seven
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Table 3 Use of IL-2 in colorectal cancer - ||

Author Reference Treatment Route n OR
Hiddemann et al. [72] IL-2 +5-FU i.v. 22 3
Hamblin et al. [73] IL-2 +5-FU iLv. 16 5
Tomita et al. [74] IL + OK-432 + 5-FU + mitomycin C i.a. 2 2
Lygidakis et al. [75] IL-2+5-FU i.a. 33 21

Nicolini et al. [76] IL-2 +5-FU s.C. 12 6
Yoshimura et al. [771 IL-2 + 5-FU + mitomycin C i.a. 3 1

combined with chemotherapy in an attempt to improve
the results obtained with cytostatic treatment alone. As
shown in Table 3, IL-2, usually administered by the i.v.
route as continuous infusion or by the i.a. route, has been
used in combination with fluorouracil and mitomycin C
[72-77]. A study also associated OK-432 antigen [74].
The results may be considered satisfactory in terms of
efficacy, with an OR rate of 43% (38 of 88 patients) in the
six publications analyzed, but the contribution of IL to
chemotherapy is difficult to assess because of the small
number of patients and the lack of a control group with
cytostatic treatment alone, except in two reports [75,76].
The first of these was from a prospective, randomized
study with a locoregional regimen of immunotherapy plus
chemotherapy versus chemotherapy; the OR rate and
median survival obtained were 13% and 9 months,
respectively, in the chemotherapy arm, as compared to
64% and 20 months in the arm with combined treatment
[75]. In the second report, corresponding to a non—
randomized study, a 50% response rate was achieved in 12
patients treated with IL-2 and fluorouracil, as compared
to a 23% rate in its historical control of 13 patients.
Improved results were also achieved in time to progres-
sion and overall survival, 11 and 31 months, respectively,
in the immunotherapy group, as compared to 4 and 13
months in the historical control [76].

For palliation, immunotherapy has been shown to be
highly effective in the control of malignant ascitis caused
by colorectal cancer. In a recent article published by
Yamaguchi ez al. [78], locoregional administration of
OK-432 achieved a clinical response (evaluated as
cytological negativity and decreased ascitis) in nine of
11 patients as monotherapy and in five of five patients
in combination with IL-2.

With regard to the indication of IL-2 as adjuvant in
colorectal carcinoma, some studies have been recently
conducted with this lymphokine, with or without
chemotherapy, as complementary treatment after surgery
for metastases and/or primary tumor. In a 1998 study,
based on the good tolerability of the combination of 11.-2
and TILs, used for palliation in a group of patients with
neoplasms of different etiologies, the same scheme was
used in 10 patients with colorectal carcinoma after
hepatic resection [69]. In another series, after
surgical treatment and to prevent subsequent develop-
ment of metastases, a combination of immunotherapy by

vaccination with autologous tumoral cells, DCG and IL.-2
was used in 65 cases of stage IV colon cancer [79]. Since
the liver is an immunological organ rich in natural killer
(NK) and Kupffer cells, which may be activated by
cytokines and have a significant role in the prevention of
recurrence in the liver, other authors used a combination
of IL-2 with 5-fluoruracil and mitomycin by the i.a. route
following a potentially curative hepatic resection in 20
patients with metastatic colorectal cancer, with an overall
S—year survival of 78%. The authors also documented that
all six cases of recurrence in the series occurred at the
extrahepatic level [80].

Finally, the Fu er @/ [81] reported the results in 96
patients with stages B-D colorectal cancer (together with
42 patients with gastric cancer) who, after surgical
resection, were randomized to i.p. treatment with
thermochemotherapy (distilled water at 43-45°C con-
taining fluorouracil and mitomycin) alone or combined
with IL-2, followed by standard chemotherapy by the i.v.
route in both groups. Three-year overall survival was 18%
higher in the scheme including the cytokine, and the
recurrence rates at the hepatic and i.p. level were,
respectively, 6 and 17% lower in the treatment group with
the combination of IL.-2 and chemotherapy.

Gastric cancer

In 1993, Lissoni ¢z 4/. investigated the combination of 11.-2
s.c. with melatonin as an immune modulator in a group of
82 patients with advanced solid tumors, including 11 cases
of gastric cancer and obtained an OR in three patients
[82]. Another publication reported the use of the
combination of IL-2 and TILs in 23 patients, and eight
ORs (three CRs and five PRs) were achieved with good
tolerability [83]. IL-2 has also been used by the i.a. route
in combination with OK-432 and chemotherapy in hepatic
metastases of gastric cancer. This regimen resulted in
three cases of PRs in a series of 11 patients [84].

Yamaguchi ¢ 4/ examined the efficacy of 11.-2 in this
neoplasm as treatment for malignant ascitis. When
administered by the i.p. route in association with
OK-432, IL-2 showed a significant activity, with
ascitis decrease and cytological negativity in 18 of 22
patients [85].

For early stages, indication of IL-2 as treatment
complementary to surgery has been exceptional and

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



difficult to assess. This lymphokine was used by the i.v.
route combined with fluorouracil in eight patients after
potentially curative gastric resection [86]. IL.-2 was also
administered by the i.p. route, in association with
fluorouracil and mitomycin, in the abovementioned study
by Fu ez al., including 42 patients with stage II-III gastric
cancer after surgery [81].

Pancreatic cancer

Publications about IL.-2 in pancreatic cancer with
palliative intent include the study by Lygidakis ez a/.
[87], who randomized 238 patients after palliative surgery
to locoregional therapy by the i.a. route with I1.-2, IFN-y
and chemotherapy (gemcitabine, carboplatin and mitox-
antrone) or an untreated control group, achieving a
median OS of 26 months in the treated group -
significantly higher than the 7 months of the control
group. Similarly, 21 patients with advanced cancer of the
pancreas were randomized in another study to i.a.
treatment with IL-2 and chemotherapy (mitomycin,
carboplatin, adriamycin and fluorouracil) or no treatment.
In the immunotherapy arm with chemotherapy, ORs
in seven of 10 patients and a median OS of 12 months
were documented, as compared to 5.5 months in the
11 patients of the observation arm [88].

Recently, in a study published in 2002, they proposed the
inclusion of staging laparoscopy for an adequate case
selection and treatment as an approach to management of
pancreatic cancer. In their series of 16 patients, hepatic
metastases were found in the laparoscopy in three cases
that were treated with IL.-2 and chemotherapy by the i.a.
route, achieving one CR and two PRs [89].

With regard to treatment in association with surgery of
curative intent in carcinoma of the pancreas, IL-2 has also
been used by the ia. route and in schemes with
chemotherapy. In the same article by Lygidakis ez a/.
mentioned previously, 274 patients with pancreatic
cancer undergoing curative surgery were randomized to
observation versus locoregional treatment with the same
scheme of IL-2, IFN-y and chemotherapy. The treated
group showed a median OS of 32 months — significantly
better than the 14 months survival seen in the control
group [87]. The same authors conducted another
randomized study in which 26 patients underwent
surgical resection with curative intent, with or without
neoadjuvant treatment and adjuvant treatment with 11.-2
and chemotherapy, administered by the intradermal
route. Nine recurrences were documented in the 12
patients of the surgery alone group, as compared
with three recurrences in the 14 cases in the treatment
arm [90].

Finally, it should be noted that a recent article reviewing
IL-2 for the treatment of tumors other than melanoma
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and renal cancer, previously mentioned in the lung cancer
section, summarized a report stating that this cytokine, in
association with standard treatment including che-
motherapy, achieved an OR rate of 85% and doubled
the unresectable survival time [29].

Ovarian cancer

In ovarian cancer, studies on IL-2 have been focused in
the treatment by the i.p. route of advanced disease in
pre-treated patients refractory to platin. Table 4 lists six
series in which i.p. IL-2 was administered alone or in
combination with other forms of immunotherapy [91-96].
Considering that this was an unfavorable population of
patients refractory to chemotherapy, efficacy was accep-
table, achieving 22% of clinical activity (21 of 96
patients), assuming as such ascitis control and/or
decreased CA-125 marker levels with stable disease
(SD). In cases with evaluable disease, the OR rate was
15% (14 of 96 patients) in the series analyzed.

In a group of neoplasms with malignant ascitis, including
two patients with ovary cancer, Lissoni ez /. [91] used i.p.
IL.-2 as monotherapy and OR was achieved in both cases.
Also as monotherapy and in a phase I-II study, other
authors compared in 41 patients with recurrent ovarian
carcinoma the toxicity and efficacy of two different
schemes of i.p. IL-2, weekly intermittent infusion versus
continuous infusion for 7 days, alternated with 1 week
with no treatment. In 35 patients evaluable for response,
six CRs and three PRs (OR 25%) were documented by
laparotomy, with a median OS for the whole group of 13
months. With regard to toxicity, the weekly infusion
scheme was reported to be better tolerated [92].

In the First Symposium on Local Cytokine Therapy of
Cancer [93] held in Hamburg in 1999, Characiejus
presented a review on five studies of i.p. immunotherapy
in ovarian cancer (included in this review) and reported
16 responses (23%) in a total of 69 patients. The author
did not find in his own experience an OR in any of the
four cases with malignant ascitis due to advanced ovarian
carcinoma treated with IL-2 as monotherapy.

Association of other i.p. immunotherapy regimens does
not appear to provide an additional benefit to mono-
therapy (Table 4). The combination of I1.-2 with LAKSs
was used in two studies, each including 10 patients, and
ORs were found in one and two cases, respectively

Table 4 Use of i.p. IL-2 in ovarian cancer

Author Reference Treatment n OR
Lissoni et al. [91] IL-2 2 2
Edwards et al. [92] IL-2 41 9
Stewart et al. [94] IL-2 + LAKs 10 1
Steis et al. [95] IL-2 + LAKs 10 2
Freedman et al. [96] IL-2 +TILs 11 4
Freedman et al. [97] IL-2+I1FN 22 3
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[94,95]. This cytokine has also been combined with
TILs. Thus, in a study at the MDA of Texas University, a
total of 11 patients with advanced, platin-refractory
ovarian cancer were treated with IL-2 and TILs (eight
patients) or with IL-2 monotherapy (three patients).
Measurable ORs were not found, but some activity was
shown in four cases as ascitis regression or reduction of
CA-125 levels [96]. Finally, these same authors reported
their experience with the combination of this lymphokine
with IFN-y (with or without TILs) in 22 patients with
ovarian or peritoneal carcinoma, analyzed the biological
effects derived from treatment and documented clinical
activity in three cases [97].

Breast cancer

From 1995 to 2001, there have been various reports on
series including a limited number of patients, usually
from 10 to 30 cases, in which IL-2 and chemotherapy
were used at high doses together with peripheral blood
stem cell (PBSC) self-transplant in metastatic breast
cancer [98-104]. IL.-2 has been mainly used in this
indication for response maintenance after chemotherapy
in order improve disease-free survival (DFS). The s.c.
route has been usually used for 3-12 months. Although
these studies had no control arm, most authors found no
survival benefit compared with the same schemes with-
out IL-2 [98-102]. IL-2 has also been tested less
frequently by the i.v. route as part of the high-dose
chemotherapy and self-transplant protocol, exploring the
ability of this lymphokine and LAK cells to suppress
residual disease [103], and before cytostatic treatment to
increase mobilization of stem cells, and LAK and NK
effector immune cells [104].

The CALGB recently tested the combination of IL-2 by
the s.c. route with trastuzumab in non-hematological
neoplasms not amenable to standard treatment and with
HER-2 overexpression. ORs were found in four patients
with breast cancer [105]. Repka ¢z @/. [106] subsequently
conducted a phase I pilot study on the combination of IL-
2 and trastuzumab in 10 patients with metastatic breast
cancer and HER-Z overexpression, in an attempt to
achieve an increased efficacy by increasing NK cells and
cytolytic function. One PR and five SDs were documen-
ted, with good tolerability, and the author concluded that
this approach could benefit highly pre-treated patients.

For adjuvant treatment in high-risk breast cancer, 1L.-2
has been used in combination with IFN and chemother-
apy with CMF in order to enhance complete recovery of
the white blood cell series at nadir and increase NK cells

[107].

Also for adjuvant purposes, the association of 1L.-2 with
high-dose chemotherapy and PBSC self-transplant was
tested in two studies of Georgetown University. The

benefit is difficult to assess because the study had no
control arm, although the disease-free rate was consid-
ered to be similar to that reported for other regimens not
containing the cytokine [108,109].

Soft tissue and bone sarcomas

Table 5 reviews five series in which recurrent and
refractory sarcomas were treated with IL-2. In these
neoplasms, IL-2 was tested as monotherapy with no
documented efficacy [110-112], with an OR rate of 2%
(one of 48 patients). When IL-2 was combined with
anthracyclines, activity was not significant either, with
OR rates of 10% (three of 31 patients), probably
attributable to the cytostatic agent [113,114].

In pediatric tumors, the Children’s Cancer Group Study
conducted a phase II study of IL.-2 as continuous infusion
in 38 patients with refractory tumors, including 20 cases of
sarcoma, and did no find tumoral response [110]. The NCI,
in turn, used a combination of IL-2 with vaccination of
specific tumoral polypeptides in 16 pediatric patients with
recurrent Ewing sarcoma or alveolar rhabdomyosarcoma and
documented progressive disease in all cases [111].

In adults with soft tissue sarcomas refractory to
chemotherapy, Gravis e /., from the French Immu-
notherapy Group, treated 12 patients with high-dose I1L.-2
and achieve one PR, but all cases subsequently received
cytostatic treatment again. There were two responses,
suggesting that the cytokine had a low efficacy, but could
revert prior resistance to chemotherapy [112]. Similarly, a
pilot study conducted at the Institut Gustave Roussy
treated 21 adult patients with advanced, highly pre-
treated solid tumors, including 14 cases of soft tissue
sarcoma, with a scheme consisting of IL-2 s.c. and
adriamycin. Two responses were seen, both in patients
previously refractory to anthracyclines, which supports
the hypothesis of a potential modulation by the
lymphokine of resistance to this cytostatic class, which
would be mediated by TNF [113].

Finally, in order to elucidate the potential effect of IL.-2
on reversion of anthracycline resistance, Gravis ¢z a/., in a
phase II prospective study including 17 patients with
metastatic and refractory soft tissue sarcoma, used a
treatment regimen consisting of 1L.-2 s.c. followed by
anthracycline-based chemotherapy. Rapid progression was
documented in four cases and only one PR was found in

Table 5 Use of IL-2 in soft tissue and bone sarcomas

Author Reference Treatment Route n OR
Bauer et al. [110] IL-2 i.v. 20 (0]
Dagher et al. [111] IL-2 + vaccine i.v. 16 (0]
Gravis et al. [112] IL-2 iv. 12 1
Le Cesne et al. [113] IL-2 + adriamycin s.C. 14 2
Gravis et al. [114] IL-2 + adriamycin s.C. 17 1
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the remaining 13 evaluable patients. Thus, the study was in the six cases with biochemotherapy, as compared with
closed due to the lack of efficacy and of any evidence of ~ 37% in the eight cases with chemotherapy alone [124].
reversion of chemotherapy resistance [114].

A review of the role of immunochemotherapy in
Recently, and in a multidisciplinary approach, IL-2 was  hepatocarcinoma, published in 2002, emphasizes the
used for the treatment of localized osteosarcoma in a  promising results of a locoregional combination of
pediatric population. This study, published in 2003 by the chemotherapy and immunotherapy, including IL-2 and
Milan Cancer Institute, included 18 cases of localized ~ LAK cells, in the treatment of unresectable tumors, and
osteosarcoma treated with IL-2 and chemotherapy before ~ also as adjuvant before or after surgery [125].
and after surgery. Changes induced by the cytokine in
immunological parameters such as NK and LAK cell Mesothelioma
count were quantified, and a potential role in disease A study comparing the different efficacy of intracavitary

control was suggested [115]. treatment with IL-2, IFN-a and IFN-B in neoplastic
effusions found that the response rate in patients with
Hepatocarcinoma mesothelioma was significantly superior with administra-

In hepatocarcinoma with unresectable or metastatic tion of IL-2 [126]. There has been recent speculation on
disease, IL-2 by the s.c. route, in combination with other ~ nitric acid production induced by the cytokine as the
forms of immunotherapy, such as IFN and melatonin possible cytotoxic mechanism [127]. Table 7 shows five
[64,116], or as monotherapy [117] showed a significant series published on intrapleural IL-2 as treatment for
activity, with approximately 20% ORs (eight of 42 mesothelioma, generally in stages I-II and in patients
patients), including some CRs, and 55% stabilizations with no prior treatment. A high efficacy is seen in this
(23 of 42 patients) in the review of the three series. As review of the literature, with a 40% OR rate (44 of 107
shown in Table 6, IL-2 has also been tested in patients). This lymphokine is therefore considered by
combination with both immunotherapy, such as IFN or some authors as a treatment option for mesothelioma,
OK-432, and chemotherapy, mainly with adriamycin and ~ which is often refractory to other therapeutic alternatives
cyclophosphamide, generally by the i.a. route [118-122].  [49,128-131]. Some of these series also include the
A pooled review of the five publications shows that the results in malignant pleural effusion secondary to other
efficacy of this combination is high, with an OR rate of histological types [49,128].
almost 40% (30 of 77 patients), but the contribution of
the cytokine in this combination is difficult to evaluate.  In contrast, IL.-2 has not been shown to be effective when
The study with i.v. administration was the only one where ~ administration routes other than the intrapleural route
no response was documented. In this study, four patients  are used. In a phase II study of the Italian Group on Rare
also experienced unacceptable toxicity that required  Tumors, 21 patients with mesothelioma received a
treatment discontinuation [119]. combination of IL.-2 s.c. and epirubicin i.v. as first-line
treatment. Only one PR was seen, and DFS and OS were
IL-2 activity was studied at the NCI using intratumoral 5 and 10 months, respectively [132]. In another study
injection in five cases of small volume hepatocarcinoma ~ where IL-2 was also given as first-line treatment,
before hepatic resection. Two PRs were documented 29 patients with mesothelioma were treated with this
[123]. Another article reported a study on 24 patients
who underwent hepatic resection comparing adjuvant  Table 7 Use of intrapleural IL-2 in mesothelioma
IL-2 treatment by the i.a. route, in association with LAK o,

Reference Treatment n OR
cells and adriamycin, to adriamycin alone. The OS rate of
h hol . 72% 3 ith sticall Astoul et al. [128] IL-2 15 7
the whole series was 0 at S years, with no statistically Goey et al. [129] IL-2 21 4
significant differences in OS or DFS between the two Astoul et al. [130] IL-2 22 12
.t . . Lissoni et al. [49] IL-2 18 14
treatment mf)dalmes,' except in the subgroup with a Castagneto f al. [131] Lo 31 ,
negative surgical margin, where DFS at 2 years was 83%
Table 6 Use of IL-2 in hepatocarcinoma
Author Reference Treatment Route n OR SD
Aldeghi et al. [116] IL-2 + melatonin s.C. 14 5 6
DeBraud et al. [64] IL-2+IFN s.C. 10 0 4
Palmieri et al. [117] IL-2 s.C. 18 3 13
Hazama et al. [118] IL-2 + chemotherapy + OK-432 i.a. 7 3 2
Chien et al. [119] IL-2 + chemotherapy iv. 9 0 1
Yamamoto et al. [120] IL-2 4+ chemotherapy i.a. 17 6 3
Oka et al. [121] IL-2 + chemotherapy + OK-432 i.a. 24 7 14
Lygidakis et al. [122] IL-2 + chemotherapy + IFN i.a. 20 14
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cytokine by the s.c. route in combination with continuous
infusion by the i.v. route. In the evaluable 25 patients,
two PRs, 11 SDs and 12 progressions were documented,
with median OSs of 18, 13 and 8 months, respectively
[133]. The Krastev ez 4/. review of three articles reports
as favorable results, those obtained with IL-2 in pleural
(69 patients) and peritoneal mesothelioma (six patients).
Particular mention is made of intracavitary local applica-
tion, with disease control in 56% of the cases [29].

Hematological neoplasms

Although not included in this review, in this section we
give references to some articles on the use of IL-2 in
hematological neoplasms. IL.-2 activity in different types
of lymphoma and leukemia was initially analyzed in the
1990s [133], but the greater development mainly
occurred in studies conducted around 2000 [135-142].
A review of literature related to this indication has been
recently published [29].

Other solid neoplasms

Brain tumors

In a phase II study of different refractory pediatric
tumors, IL.-2 as monotherapy was administered in nine
cases of neuroblastoma with no objective response [110].

A review of the literature on immunotherapy and
biological response modifiers in brain tumors published
in 2003 [143] highlighted two articles related to 1L.-2.
The first article reviewed the efficacy of this cytokine at
high doses in brain metastases of renal carcinoma and
melanoma [144]. The second article reported an experi-
mental study of IL.-2 encapsulated in microspheres of
biodegradable polymers and administered by an intratu-
moral injection [145].

Urological neoplasms

A phase II study conducted in the MDA of Texas
University, published in 2003, reported the efficacy of
IL-2 in continuous infusion in advanced or metastatic
transitional carcinoma of the bladder refractory to
cisplatin. The analysis, including 17 patients, found no
response and the study was closed [146].

Intravesical IL.-2 has been tested in superficial carcinoma
of the bladder following resection and chemotherapy in
order to reduce the recurrence rate [147].

Krejci er al. [148], from the Urology Department of the
Mayo Clinic, published a review of literature on
immunotherapy in urological neoplasms in 2004. In the
section on cytokine treatment, the authors review the
potential value of IL-2 in tumors other than renal cell
carcinoma and make particular mention of two articles.
The first report refers to a pilot study of IL-2 with IFN
by the s.c. route in hormone-refractory prostate cancer in

which some PRs and a decrease in prostate-specific
antigen levels were achieved [149]; the second to a trial
of intravesical treatment in T'1 papillary bladder carcino-
ma where promising results were seen, consisting of
regression in eight of 10 patients treated [150].

Head and neck cancer

Some transient ORs were reported in recurrent neo-
plasms [151] and two cases of CRs in lip cancer were also
reported in another study [152]. More recently, I1.-2 has
also been analyzed in a phase II study in refractory
nasopharyngeal carcinoma [153].

Finally, in 2003, Feinmesser reported the results of a
clinical trial on administration of a ‘multikine solution’
(consisting of a combination of IL.-2, granulocyte colony-
stimulating factor, granulocyte macrophage colony-stimu-
lating factor, TNE IFN and other ILs) by a peritumoral
injection to 12 patients with epidermoid carcinoma of the
oral cavity and oropharynx, before treatment with surgery
or radiotherapy. Response assessment after local immu-
notherapy revealed two CRs and two PRs, and it was
concluded that the treatment was safe and effective in
terms of tumoral regression, possibly through activation of
macrophages, NK cells and lymphocytes, as confirmed by
the histopathological analysis of the surgical specimens
and by serum tests using flow cytometry [154].

Conclusions

It is very difficult to summarize conclusions on the role of
IL-2 in neoplasms other than hypernephroma and
melanoma from this review of the literature because it
generally includes isolated publications with a limited
number of patients, studies were most often designed
with no control arm, different primary tumors and
histological types were sometimes included, the ther-
apeutic regimen was not uniform but encompassed
multiple different treatment schemes using IL-2 as
monotherapy or in combination with other forms of
immunotherapy or chemotherapy, there were multiple
dosages and administration routes, and objectives ranged
from adjuvant to palliative treatment.

With regard to the role of adjuvant IL-2 in early stages,
some authors have stressed the benefit of this cytokine
by the i.p. route and in combination with standard
treatment as a complementary regimen after surgery in
colon cancer, and by the i.a. route in unresectable
pancreatic cancer. As to the use of IL-2 as adjuvant
treatment in breast cancer, it is difficult to draw
conclusions on the results in terms of survival in the
reviewed reports since the studies used IL-2 in
combination with chemotherapy and their design did
not include a control arm, although the authors them-
selves state that no benefit was found, and the disease
free-survival was similar to that reported with the same
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schemes without immunotherapy. In NSCLC, the results
with adjuvant IL-2 have been conflicting. Finally, no
conclusions can be drawn in all other neoplasms
reviewed, because IL-2 was only sporadically adminis-
tered in an adjuvant setting. Assessment of the efficacy of
IL-2 in combination with chemotherapy as palliative
treatment for advanced stages of the different tumors
analyzed in this review is highly complex, mainly because
its contribution is masked by the activity of cytostatic
themselves in studies which do not usually have a control
arm without IL-2.

Special mention should be made of the results found in
the treatment of hepatocarcinoma and mesothelioma,
where I1.-2 may represent a therapeutic alternative to be
considered in neoplasms for which few therapeutic
options are otherwise available. The efficacy for palliation
and control of pleural effusion in lung cancer and ascitis
in colorectal, gastric or ovarian cancer is also significant.
The future of IL-2 in the treatment of other tumors
should be based on randomized studies that will allow us
to test the contribution of this cytokine in the palliative
or adjuvant setting. Research on administration routes for
sustained efficacy with less toxicity and studies in
combination with new drugs are required.

References

1 Armstrong A, Eaton D, Ewing J. Cellular immunotherapy for cancer. Br Med
J 2001; 323:1289-1293.

2 Gale DM, Sorokin P. The interleukins. In: Trahan P, (editor): Biotherapy. A
comprehensive overview. London: Jones and Bartlett; 2001, pp. 195-244.

3 Morgan D, Ruscetti F, Gallo R. Selective in vitro growth of T lymphocytes
from normal human bone marrows. Science 1976; 193:1007-1008.

4 Smith KA. Interleukin-2: inception, impact and implications. Science 1998;
240:1169-1176.

5 Rubin J. Interleukin-2: its biology and clinical application in patients with
cancer. Cancer Invest 1993; 11:460-472.

6 Steiner G, Tschachler E, Tani M, Malek TR, Shevach EM, Holter W, et al.
Interleukin-2 receptors on cultured marine epidermal Langerhans cells.

J Immunol 1986; 137:155-159.

7 Herberman RB. Summary: potential of the IL-2 for the therapy of cancer.
J Biol Response Mod 1984; 3:527-532.

8 Lissoni P, Barni S, Rovelli F, Tancini G. Lower survival in metastatic cancer
patients with reduced interleuin-2 blood concentrations. Preliminary report.
Oncology 1991; 48:125-127.

9 Mier JW, Atkins MB. Pharmacology of cancer biotherapeutics. Interleukin-2.
In: DeVita VT, Hellman S, Rosenberg SA, (editors): Cancer principles and
practice of oncology, 6th edition. Philadelphia: Lippincott Williams &
Wilkins; 2001, pp. 471-477.

Rosenberg SA, Yang JC, Topalian SL, Schwartzentruber DJ, Weber JS,
Parkinson DR, et al. Treatment of 283 consecutive patients with metastatic
melanoma or renal cell cancer using high-dose bolus interleukin-2. J Am
Med Ass 1994; 271:907-913.

Parkinson D, Abrams J, Wiernick P, Rayner AA, Margolin KA, Van Echo DA,
et al. Interleukin-2 therapy in patients with metastatic malignant melanoma:
a phase Il study. J Clin Oncol 1990; 8:1650-1656.

Dutcher JP, Creekmore S, Weiss GR, Margolin K, Markowitz AB, Roper M,
et al. A phase Il study of interleukin-2 and LAK cells in patients with
metastatic malignant melanoma. J Clin Oncol 1989; 7:477-485.

Sznol M, Hawkins MJ. Interleukin-2 in malignancies other than melanoma
and renal cell carcinoma. In: Atkins MB, Mier JW, (editors): Therapeutics
applications of interleukin-2. New York: Marcel Dekker; 1993, p. 177.
Rosenberg SA, Lotze MT, Muul LM, Leitman S, Chang AE, Ettinghausen SE,
et al. Observations on the systemic administration of autologous lymphokine-
activated killer cells and recombinant interleukin-2 to patients with metastatic
cancer. N Engl J Med 1985; 313:1485-1492.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

IL-2 in tumors other than melanoma and renal cancer Grande et al.

9

Azpodien J, Kichner H, Hanninen EL, Deckert M, Fenner M, Poliwoda H.

Interleukin-2 in combination with interferon and 5-fluorouracil for metastatic

renal cell cancer. Eur J Cancer 1993; 29 (Suppl 5):S6-S8.

Legha SS, Buzaid AC. Role of recombinant interleukin-2 in combination

with interferon and chemotherapy in the treatment of advanced melanoma.

Semin Oncol 1993; 2:27-32.

Yang JC, Sherry RM, Steinberg SM, Topalian SL, Schwartzentruber DJ,

Hwu P, et al. Randomized study of high-dose and low-dose interleukin-2 in
patients with metastatic renal cancer. J Clin Oncol 2003; 21:3127-3132.

Bukowski RM. Natural history and therapy of metastatic renal cell
carcinoma: the role of interleukin-2. Cancer 1997; 80:1198-1220.

Fisher RI, Rosenberg SA, Fyfe G. Long-term survival update for high-dose

recombinant interleukin-2 in patients with renal cell carcinoma. Cancer J

Sci Am 2000; 6 (Suppl 1):S55-S57.

20 Lissoni P, Bordin M, Vaghi L, Fumagalli L, Bordoni A, Mengo S, et al.

Ten-year survival results in metastatic renal cell carcinoma patients treated

with monoimmunotherapy with subcutaneous low-dose interleukin-2.
Anticancer Res 2002; 22:1061-1064.

Broker LE, Giaccone G. The role of new agents in the treatment of
non-small cell lung cancer. Eur J Cancer 2002; 38:2347-2361.
Al-Moundhri M, O'Brien M, Souberbielle BE. Immunotherapy in lung
cancer. Br J Cancer 1998; 78:282-288.

Buccheri G, Marino P, Preatoni A, Ferrigno D, Moroni GA. Soluble

21

22

23

interleukin-2 receptor in lung cancer. An indirect marker of tumor activity?

Chest 1991; 99:1433-1437.
24

Aleman MR, Santolaria F, Batista N, de La Vega M, Gonzalez-Reimers E,

Milena A, et al. Leptin role in advanced lung cancer. A mediator of the acute

phase response or a marker of the status of nutrition? Cytokine 2002;

19:21-26.

25 De Vita F, Turitto G, Di Gracia M, Frattolillo A, Catalano G. Analysis of

interleukin-2/interleukin-2 receptor system in advanced non-small cell lung

cancer. Tumori 1998; 84:33-38.

Naumnik W, Chyczewska E. The clinical significance of serum soluble
interleukin 2 receptor (s IL-2R) concentration in lung cancer. Folia
Histochem Cytobiol 2001; 39:185-186.

Neuner A, Schindel M, Wildenberg U, Muley T, Lahm H, Fischer JR.

26

27

Cytokine secretion: clinical relevance of immunosuppression in non-small

cell lung cancer. Lung Cancer 2001; 34 (Suppl 2):S79-S82.

28 Orditura M, Romano C, De Vita F, Galizia G, Lieto E, Infusino S, et al.

Behaviour of interleukin-2 serum levels in advanced non-small-cell lung
cancer patients: relationship with response to therapy and survival. Cancer

Immunol Immunother 2000; 49:530-536.

29
cell carcinoma malignancies treated with interleukin-2.
Hepatogastroenterology 2003; 50:1006-1016.

30
and clinical effects of continuous infusion interleukin-2 in patients with
non-small cell lung cancer. Cancer 1994; 73:1353-1360.

31
Oldham RK. Constant infusion recombinant interleukin-2 in adoptive

West WH, Tauer KW, Yannelli JR, Marshall GD, Orr DW, Thurman GB,

Krastev Z, Koltchakov V, Tomov B, Koten JW. Non-melanoma and non-renal

Ardizzoni A, Bonavia M, Viale M, Baldini E, Mereu C, Verna A, et al. Biologic

immunotherapy of advanced cancer. N Engl J Med 1987; 316:898-905.

32

Tester WJ, Kim KM, Krigel RL, Bonomi PD, Glick JH, Asbury RF, et al. A

randomized phase Il study of interleukin-2 with or without beta-interferon

for patients with advanced non-small cell lung cancer. A Eastern
Cooperative Oncology Group study (PZ586). Lung Cancer 1999;
25:199-206.

Lissoni P, Barni S, Tancini G, Ardizzoia A, Ricci G, Aldeghi R, et al. A
randomized study with subcutaneous low-dose interleukin-2 alone vs

33

interleukin-2 plus the pineal neurohormone melatonin in advanced solid
neoplasms other than renal cancer and melanoma. Br J Cancer 1994;

69:196-199.

34 Yang SC, Gimm EA, Parkinson DR, Carinhas J, Fry KD, Mendiguren-

Rodriguez A, et al. Clinical and immunomodulatory effects of combination

immunotherapy with low-dose interleukin-2 and tumor necrosis factor in
patients with advanced non-small cell lung cancer: a phase | trial. Cancer

Res 1991; 51:3669-3676.

35 Schiller JH, Morgan-lhrig Ch, Levitt ML. Concomitant administration of

interleukin-2 plus tumor necrosis factor in advanced non-small cell lung

cancer. Am J Clin Oncol 1995; 18:47-51.
36
White DE. Experience with the use of high dose interleukin-2 in the
treatment of 652 cancer patients. Ann Surg 1989; 210:474-484.
37
Interleukin-2 and interferon-alpha in the treatment of patients with
advanced non small cell lung cancer. J Immunother 1992; 12:70-73.

Jansen RL, Slingerland R, Goey SH, Franks CR, Bolhuis RL, Stoter G.

Rosenberg SA, Lotze MT, Yang JC, Aebersold PM, Linehan WM, Seipp CA,



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Anti-Cancer Drugs 2006, Vol 17 No 1

Rosenberg SA, Lotze MT, Muul LM, Chang AE, Avis FP, Leitman S, et al. A
progress report on the treatment of 157 patients with advanced cancer
using lymphokine-activated killer cells and interleukin-2 or high dose
interleukin-2 alone. N Engl J Med 1997; 316:889-897.

Kradin RL, Kurnick JT, Lazarus DS, Preffer Fl, Dubinett SM, Pinto CE, et al.
Tumor-infiltrating lymphocytes and interleukin-2 in treatment of advanced
cancer. Lancet 1989; 18:577-580.

Lissoni P, Meregalli S, Fossati V, Paolorossi F, Barni S, Tancini G, Frigerio F.
A randomized study of immunotherapy with low-dose subcutaneous
interleukin-2 plus melatonin vs chemotherapy with cisplatin and etoposide
as first-line therapy for advanced non-small cell lung cancer. Tumori 1994;
80:464-467.

Trillet-Lenoir V, Arpin D, Mercatello O, Oskham R, Palmer PA,

Souquet PJ, et al. Combination IL-2 and cisplatinum: a promising
treatment for bronchioloalveolar carcinoma®? Eur J Cancer 1993;
29:1917-1918.

Tummarello D, Graziano F, Isidori P, Santo A, Cetto G, Fedeli A, Rossi G,
et al. Consolidation biochemotherapy for patients with advanced nonsmall
cell lung carcinoma responding to induction PVM (Cisplatin, Vinblastine
and Mitomycin-C) regimen. Cancer 1996; 77:2251-2257.

Mantovani G, Maccio A, Mulas C, Massa E, Madeddu C, Mura L, et al.
Dose-intense phase Il study of weekly cisplatin and epidoxorubicin plus
medroxyprogesterone acetate and recombinant interleukin-2 in stage
lIB-IV non-small cell lung cancer. Oncology Rep 2002; 9:661-670.
Lissoni P, Barni S, Ardizzoia A, Paolorossi F, Tisi E, Crispino S, Tancini G.
Intracavitary administration of interleukin-2 as palliative therapy for
neoplastic effusions. Tumori 1992; 78:118-120.

Viallat JR, Boutin C, Rey F, Astoul P, Farisse P, Brandely M. Intrapleural
immunotherapy with escalating does of inteleukin-2 in metastatic pleural
effusions. Cancer 1993; 71:4067-4071.

Yasumoto K, Miyazaki K, Nagashima A, Ishida T, Kuda T, Yano T, Sugimachi K,
et al. Induction of lymphokine-activated killer cells by intrapleural instillation of
recombinant interleukin-2 in patients with pleurisy due to lung cancer. Cancer
Res 1987; 47:2184-2187.

Miyao H, Chou T, Ito K, Moriyama H, Mitsuma S, Wakabayashi M, et al.
Treatment of advanced primary lung cancer associated with malignant
pleural effusion by the combination of immunotherapy and chemotherapy.
Oncology 1994; 51:87-94.

Masotti A, Fumagalli L, Morandini GC. Intrapleural administration of
recombinant interleukin-2 in non-small cell lung cancer with neoplastic
pleural effusion. Monaldi Arch Chest Dis 1997; 52:225-228.

Lissoni P, Mandala M, Curigliano G, Ferretti G, Moro C, Ardizzoia A, et al.
Progress report on the palliative therapy of 100 patients with neoplastic
effusions by intracavitary low-dose interleukin-2. Oncology 2001;
60:308-312.

Masotti A, Morandini G, Ortolani R, Fumagalli L. Phase Il randomized study
of pre-operative IL-2 administration in operable NSCLC. Lung Cancer
1998; 20:191-202.

Brivio F, Lissoni P, Tisi E, Erba L, Barni S, Tancini G, et al. Effects of a
preoperative therapy with interleukin-2 on surgery-induced
lymphocytopenia in cancer patients. Oncology 1992; 49:215-218.

Ratto GB, Melioli G, Zino P, Mereu C, Mirabelli S, Fantino G, et al.
Immunotherapy with the use tumor-infiltrating lymphocytes and interleukin-
2 as adjuvant treatment in stage Ill non-small-cell lung cancer. A pilot study.
J Thorac Cardiovasc Surg 1995; 109:1212-1217.

Ratto GB, Zino P, Mirabeli S, Minuti P, Aquilina R, Fantino G, et al.

A randomized trial of adoptive Immunotherapy with tumor-infiltrating
lymphocytes and interleukin-2 versus standard therapy in the postoperative
treatment of resected non-small cell lung carcinoma. Cancer 1996;
78:244-251.

Melioli G, Ratto GB, Ponte M, Guastella M, Semino C, Fantino G, et al.
Treatment of stage IlIB non-small-cell lung cancer with surgery followed by
infusion of tumor infiltrating lymphocytes and recombinant interleukin-2: a
pilot study. J Immunother 1996; 19:224-230.

Yano T, Sugio K, Yamazaki K, Kase S, Yamaguchi M, Ondo K, et al.
Postoperative adjuvant adoptive immunotherapy with lymph node-LAK cells
and IL-2 for pathologic stage | non-small cell lung cancer. Lung Cancer
1999; 26:143-148.

Kimura H, Yamaguchi Y. Adjuvant immunotherapy with interleukin-2 and
lymphokine-activated killer cells after noncurative resection of primary lung
cancer. Lung Cancer 1995; 13:31-44.

Fischer JR, Schindel M, Stein N, Lahm H, Gallati H, Krammer PH, et al.
Selective suppression of cytokine secretion in patients with small-cell lung
cancer. Ann Oncol 1995; 6:921-926.

Fischer JR, Schindel M, Bulzebruck H, Lahm H, Krammer PH, Drings P.
Decrease of interleukin-2 secretion is a new independent prognostic factor

59

60

61

62

63

64

65

66

68

69

70

71

72

73

74

75

76

77

associated with poor survival in patients with small-cell lung cancer. Ann
Oncol 1997; 8:457-461.

Fischer JR, Schindel M, Biilzebruck H, Lahm H, Krammer PH, Drings P.
Long-term survival in small cell lung cancer patients is correlated with high
interleukin-2 secretion at diagnosis. J Cancer Res Clin Oncol 2000;
126:730-733.

Clamon G, Herndon J, Perry MC, Ozer H, Kreisman H, Maher T et al.
Interleukin-2 activity in patients with extensive small-cell lung cancer: a
phase Il trial of Cancer and Leukemia Group B. J Nat/ Cancer Inst 1993;
85:316-320.

Clamon G, Herndon J, Akerley W, Green M. Subcutaneous interleukin-2 as
initial therapy for patients with extensive small cell lung cancer: a phase I
trial of Cancer and Leukemia Group B. Lung Cancer 1998; 19:25-29.
Pollera CM, Calabresi F, Moreschi M, Ruggeri EM, Giannarelli D, Masciulli
R, et al. High dose-intense chemotherapy alone or in combination with
interleukin-2 for small cell lung cancer: a pilot study. Cancer Invest 1994;
12:574-587.

Chang AE, Cameron MJ, Sondak VK, Geiger JD, Vander Woude DL. A
phase |l trial of IL-2 and interferon alpha in the treatment of metastatic
colorectal carcinoma. J Immunother Emphasis Tumor Immunol 1995;
18:253-262.

DeBraud F, Colleoni M, Noli F, Bajetta E. Home treatment with interleukin-2
and beta interferon in patients with colorectal cancer and hepatocellular
carcinoma. Oncology 1994; 51:472-476.

Barni S, Lissoni P, Ardizzola A, Vigore L, Vezzo R, Rescaldani R, et al.
Immunotherapy with low dose subcutaneous IL-2 plus beta interferon as a
second line therapy for metastatic colorectal carcinoma. Tumori 1993;
79:343-346.

Douillard JY, Bennouna J, Vavasseur F, Deporte-Fely R, Thomare P,
Giacalone F, et al. Phase | trial of IL-2 and high dose arginine butyrate

in metastatic colorectal cancer. Cancer Immunol Immunother 2000; 49:
56-61.

Barni S, Lissoni P, Cazzaniga M, Ardizzoia A, Meregalli S, Fossati V, et al. A
randomized study of low-dose subcutaneous interleukin-2 plus melatonin
versus supportive care alone in metastatic colorectal cancer patients
progressing under 5-fluorouracil and folates. Oncology 1995;
52:243-245.

Triozzi PL, Kim JA, Martin EW, Colcher D, Heffelfinger M, Rucker R. Clinical
and immunologic effects of monoclonal antobodyCC49 and interleukin-2 in
patients with metastatic colorectal cancer. Hybridoma 1997; 16:147-151.
Ridolfi R, Flamini E, Riccobon A, De Paola F, Maltoni R, Gardini A, et al.
Adyuvant adoptive immunotherapy with tumour-infiltrating lymphocytes and
modulated doses of interleukin-2 in 22 patients with melanoma, colorectal
and renal cancer, after radical metastasectomy, and in 12 advanced
patients. Cancer Immunol Immunother 1998; 46:185-193.

Fiedler W, Kruger W, Laack E, Mende T, Vohwinkel G, Hossfeld DP.

A clinical trial of edrecolomab, interleukin-2 and GM-CSF in patients

with advanced colorectal cancer. Oncol Rep 2001; 8:225-231.

Dalerba P, Maccalli C, Casati C, Parmiani G. Immunology and
immunotherapy of colorectal cancer. Crit Rev Oncol Hematol 2003;
46:33-57.

Hiddemann W, Ruelfs C, Ottensmeier C, Ruckle H, Musch E, Koch O, et al.
Interleukin-2 followed by fluorouracil and folinic acid in refractory
colorectal cancer. Results of a clinical phase Il study. Semin Oncol 1992;
19:226-227.

Hamblin TJ, Sadullah S, Williamson P, Stevenson J, Oskam R, Palmer P,
et al. A phase lll study of recombinant interleukin-2 and 5-fluorouracil
chemotherapy in patients with metastatic colorectal cancer. Br J Cancer
1993; 68:1186-1189.

Tomita F, Kurosaka Y, Matsushita M, Akiyama T, Kiriyama M, Hitoshi, et al.
Two cases of hepatic metastases of colorectal cancer treated effectively by
intrahepatic arterial infusion immunotherapy using OK-432, rlL-2, MMC and
5-FU. Gan To Kagaku Ryoho 1994; 21:2190-2193.

Lygidakis NJ, Stringaris K, Konikis K, Lyberopoulos K, Raptis S.
Locoregional chemotherapy versus locoregional combined immuno-
chemotherapy for patients with advanced metastatic liver disease of
colorectal cancer origin: a prospective randomised study.
Hepatogastroenterology 1996; 43:212-220.

Nicolini A, Carpi A, Ferrari P, Sagripanti A, Anselmi L. A multistep therapy
with subcutaneous recombinant interleukin-2, 5-fluorouracil and leucovorin
prolongs the response of metastatic colorectal cancer patients: a pilot
study. Biomed Pharmacother 1998; 52:311-3186.

Yoshimura K, Hazama S, lizuka N, Takano N, Matsuoka K, Tangoku A, et al.
Hepatic arterial infusion of IL-2 and chemotherapy for unresectable liver
metastases from colorectal cancer. Gan To Kagaku Ryoho 2002;
29:2117-2120.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

IL-2 in tumors other than melanoma and renal cancer Grande et al. 11

Yamaguchi Y, Miyahara E, Ohshita A, Kawabuchi Y, Ohta K, Shimizu K,
et al. Locoregional immunotherapy of malignant effusion from colorectal
cancer using the streptococcal preparation OK-432 plus IL-2. Induction of
autologous tumor-reactive CD™* Ty, | killer lymphocytes. Br J Cancer 2003;
89:1876-1884.

Tarasov VA, Filatov MV, Kisliakova TV, Noskov FS, Koloskov AV,
Stavrovietski VV, et al. Combined surgical and immunotherapeutic
treatment of patients with fourth stage colon cancer. Hybridoma 1999;
18:99-102.

Okuno K, Yasutomi M. Multidisciplinary treatment for liver metastases using
cytokines. Nippon Geka Gakkaki Zasshi 2001; 102:403-408.

Fu QG, Meng FD, Shen XD, Guo RX. Efficacy of intraperitoneal
thermochemotherapy and immunotherapy in intraperitoneal recurrence
after gastrointestinal cancer resection. World J Gastroenterol 2002;
8:1019-1022.

Lissoni P, Bami S, Ardizzoia A, Olivini G, Brivio F, Tisi E, et al. Cancer
immunotherapy with low-dose interleukin-2 subcutaneous administration:
potential efficacy in most solid tumor histotypes by a concomitant
treatment with the pineal hormone melatonin. JBiol Regul Homeost Agents
1993; 7:121-125.

Xu X, Xu L, Ding S, Wu M, Tang Z, Fu W, et al. Treatment of 23 patients with
advanced gastric cancer by intravenously transfer of autologous tumor-
infiltrating lymphocytes combined with rlL-2. Chin Med Sci J 1995;
10:185-187.

Miya K, Adachi T, Nagao N, Takagi Y, Kawaguchi Y, Kato M, et al. Clinical
evaluation of intermittent hepatic arterial infusion therapy for metastatic liver
tumor of gastric and colorectal cancer. Gan To Kagaku Ryoho 1998;
25:1397-1401.

Yamaguchi Y, Satoh Y, Myahara E, Noma K, Funakoshi M, Takashima |, et al.
Locoregional immunotherapy of malignant ascites by intraperitoneal
administration of OK-432 plus IL-2 in gastric cancer patients. Anticancer
Res 1995; 15:2201-2206.

Ubhi SS, Hollingworth J, Horsburrgh T, Veitch PS, Roest G, Palmer P, et al.
Evaluation of the safety of rIL-2 and rlL-2 plus 5-fluorouracil in the adjuvant
treatment of gastric cancer patients. Anticancer Res 1992; 12:749-752.
Lygidakis NJ, Berberabe AE, Spentzouris N, Dedemadi G, Kalligas T,
Loukas G, et al. A prospective randomized study using adjuvant
locoregional chemoimmunotherapy in combination with surgery for
pancreatic carcinoma. Hepatogastroenterology 1999; 45:2376-2381.
Abdel-Wahab M, EI-Shennawy F, Agha S, Ragab E, Fathi O, Sultan A, et al.
Evaluation of cell mediated immunity in advanced pancreatic carcinoma
before and after treatment with interleukin-2. Hepatogastroenterology
1999; 46:1293-1296.

Kishiwada M, Kawarada Y, Taoka H, Isaji S. Management of advanced
pancreatic cancer: staging laparoscopy and immunochemotherapy. A new
treatment strategy. Hepatogastroenterology 2002; 49:1704—1706.
Lygidakis NJ, Spentzouris N, Theodoracopoulos M, Dedemadi G, Gemos K,
Kyriakou A. Pancreatic resection for pancreatic carcinoma combined with
neo- and adjuvant locoregional targeting immuno-chemotherapy.

A prospective randomized study. Hepatogastroenterology 1998;
45:396-403.

Lissoni P, Barni S, Ardizzoia A, Paolorossi F, Tisi E, Crispino S, et al.
Intracavitary administration of interleukin-2 as palliative therapy for
neoplastic effusion. Tumori 1992; 78:118-120.

Edwards PR, Gooding W, Lemberrsky BC, Colonello K, Hammond R,
Paradise C, et al. Comparison of toxicity and survival following
intraperitoneal recombinant interleukin-2 for persistent ovarian cancer
after platinum: 24 hour versus 7 day infusion. J Clin Oncol 1997;
15:3399-3407.

Characiejus D. 1st Symposium on Local Cytokine Therapy of Cancer:
Interleukin-2, Interferon and Related Cytokines. Anticancer Res

19 (3A):1995-2016.

Stewart JA, Belinson JL, Moore AL, Dorighi JA, Grant BW, Haugh LD, et al.
Phase | trial of intraperitoneal recombinant interleukin-2, lymphokine
activated killer cells in patients with ovarian cancer. Cancer Res 1990;
50:6302-6310.

Steis RG, Urba WJ, Vander Molen LA, Bookman MA, Smith JW 2nd, Clark
JW, et al. Intraperitoneal lymphokine activated killer cell and interleukin-2
therapy of malignancies limited to peritoneal cavity. J Clin Oncol 1990;
8:1618-1629.

Freedman RS, Edwards CL, Kavanagh JJ, Kudelka AP, Katz RL,

Canasco CH, et al. Intraperitoneal adoptive immunotherapy of ovarian
carcinoma with tumor infiltrating lymphocytes and low-dose recombinant
interleukin-2: a pilot trial. J Immunother Emphasis Tumor Immunol 1994,
16:198-210.

97

98

99

100

101

102

103

104

105

106

107

108

109

110

112

113

Freedman RS, Kudelka AP, Kavanagh JJ, Verschraegen C, Edwards CL,
Nash M, et al. Clinical and biological effects of intraperitoneal interferon
gamma and recombinant interleukin with or without tumor infiltrating
lymphocytes in patients with ovarian or peritoneal carcinoma. Clin Cancer
Res 2000; 6:2268-2278.

Guida M, Abbate |, Casamassima A, Musti MD, Latorre A, Lorusso V, et al.
Long-term subcutaneous recombinant interleukin-2 as maintenance
therapy: biological affects and clinical implications. Cancer Biother 1995;
10:195-203.

Miller JS, Tessmer-Tuck J, Pierson BA, Weisdorf D, McGlave P, Blazar BR,
et al. Low dose subcutaneous interleukin-2 after autologous transplantation
generates sustained in vivo natural killer cell activity. Bio/ Blood Marrow
Transplant 1997; 3:34-44.

Toh HC, McAfee SL, Sackstein R, Multani P, Cox BF, Garcia-Carbonero R,
et al. High-dose cyclophosphamide + carboplatin and interleukin-2
activated autologous stem cell transplantation followed by maintenance
interleukin-2 therapy in metastatic breast carcinoma. A phase Il study.
Bone Marrow Transplant 2000; 25:19-24.

Gravis G, Viens P, Vey N, Blaisc D, Stoppa AM, Olive D, et al. Pilot study
of immunotherapy with interleukin-2 after autologous stem cell
transplantation in advanced breast cancers. Anticancer Res 2000;
20:3987-3991.

Burns LJ, Weisdorf DJ, DeFor TE, Vesolc DH, Repka TL, Blazar BR, et al.
IL-2 based immunotherapy after autologous transplantation for lymphoma
and breast cancer induces immune activation and cytokine release: a
phase I/1l trial. Bone Marrow Transplant 2003; 32:177-186.
DeMagalhaes-Silvennan M, Donnenberg A, Lembersky B, Elder E, Lister J,
Rybka W, et al. Post-transplant adoptive immunotherapy with activated
natural killer cells in patients with metastatic breast cancer. J Immunother
2000; 23:154-160.

Sosman JA, Stiff P, Moss SM, Sorokin P, Martone B, Bayer R, et al. Pilot
trial of interleukin-2 with granulocyte colony stimulating factor for the
mobilization of progenitor cells in advanced breast cancer patients
undergoing high-dose chemotherapy. J Clin Oncol 2001; 19:634-644.
Fleming GF, Meropol NJ, Rosner GL, Hollis DR, Carson WE 3rd, Caligiuri
M, et al. A phase | trial of escalating doses of trastuzumab combined with
daily subcutaneous interleukin-2: report of cancer and leukaemia group B
9661. Clin Cancer Res 2002; 8:3718-3727.

Repka T, Cbiorean EG, Gay J, Herwig KE, Kohl VK, Yee D, et al.
Trastuzumab and IL-2 in HER-2 positive metastatic breast cancer:

a pilot study. Clin Cancer Res 2003; 9:2440-2446.

Tonini G, Nunziata C, Prete SP, Pepponi R, Turriziani M, Masci G, et al.
Adjuvant treatment of breast cancer: a pilot immunotherapy study with
CMF, interleukin-2 and interferon alpha. Cancer Immunol Immunother
1998; 47:157-166.

Meehan KR, Verma UN, Cahill R, Frankel S, Areman EM, Sacher RA, et al.
Interleukin-2 activated hematopoietic stem cell transplantation for breast
cancer: investigation of dose level with clinical correlates. Bone Marrow
Transplant 1997; 20:643-651.

Meehan KR, Arun B, Gehan EA, Berberian B, Sulica V, Areman EM, et al.
Immunotherapy with interleukin-2 and alpha interferon after interleukin-2
activated hematopoietic stem cell transplantation for breast cancer. Bone
Marrow Transplant 1999; 23:667-673.

Bauer M, Reaman GH, Hank JA, Berberian B, Sulica V, Areman EM, et al. A
phase Il trial of human recombinant interleukin-2 administered as a

4-day continuous infusion for children with refractory neuroblastoma,
non-Hodgkin's lymphoma, sarcoma, renal cell carcinoma and malignant
melanoma. A Childrens Cancer Group study. Cancer 1995;
75:2959-2965.

Dagher R, Long LM, Read EJ, Leitman SF, Carter CS, Tsokos M, et al. Pilot
trial of tumor specific peptide vaccination and continuous infusion
interleukin-2 in patients with recurrent Ewing sarcoma and alveolar
rhabdomyosarcoma: an inter-institute NIH study. Med Pedliatr Oncol
2002; 38:158-164.

Gravis G, Viens P, Delva R, Baume D, Blaise D, Ternier F, et al. rlL-2 in
metastatic soft tissue sarcomas refractory to chemotherapy: response
and enhancement of further chemosensitivity. Anticancer Res 1998;
18:3699-3704.

Le Cesne A, Vassal G, Farace F, Spielmann M, Le Chevalier T, Angevin E,
et al. Combination interleukin-2 and doxorubicin in advanced adult solid
tumors: circumvention of doxorubicin resistance in soft tissue sarcoma?
J Immunother 1999; 22:268-277.

Gravis G, Mousseau M, Douillard JY, Dorval T, Fabbro M, Escudier B, et al.
Can interleukin-2 reverse anthracycline chemoresistance in metastatic soft
tissue sarcoma patients. Results of a prospective phase Il clinical trial.
Eur Cytokine Netw 2001; 12:239-243.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

132

133

134

135

Anti-Cancer Drugs 2006, Vol 17 No 1

Luksch R, Perotti D, Cefalo G, Gambacorti Passerini C, Massimino M,
Spreafico F, et al. Inmunomodulation in a treatment program including
pre- and post- operative interleukin-2 and chemotherapy for childhood
osteosarcoma. Tumori 2003; 89:263—-268.

Aldeghi R, Lissoni P, Barni S, Ardizzoia A, Tancini G, Piperno A, et al. Low
dose interleukin-2 subcutaneous immunotherapy in association with the
pineal hormone melatonin as a first-line therapy in locally advanced or
metastatic hepatocellular carcinoma. Eur J Cancer 1994; 30:167-170.
Palmieri G, Montella L, Milo M, Fiore R, Biondi E, Bianco AR, et al. Ultra-
low-dose interleukin-2 in unresectable hepatocellular carcinoma. Am J Clin
Oncol 2002; 25:224-226.

Hazama S, Oka M, Shimizu R, Yano K, Yoshino S, lizuka N, et al. Intraarterial
combination immunotherapy in hepatocellular carcinoma. Gan To Kagaku
Ryoho 1990; 17:1638-1642.

Chien CH, Hsieh KH, Yang PM. Immunotherapy with recombinant
interleukin-2 and adriamycin in primary hepatocellular carcinoma. Asian
Pacific J Immunol 1991; 9:75-81.

Yamamoto M, lizuka H, Fujii H, Matsuda M, Miura K. Hepatic arterial
infusion of interleukin-2 in advanced hepatocellular carcinoma. Acta Oncol
1993; 32:43-51.

Oka M, Hazama S, Yoshino S, Shimoda K, Suzuki M, Shimizu R, et al.
Intraarterial combined immunochemotherapy for unresectable
hepatocellular carcinoma: preliminary results. Cancer Immunol
Immunother 1994; 38:194-200.

Lygidakis NJ, Kosmidis P, Ziras N, Parissis J, Kyparidou E. Combined
transarterial targeting locoregional immunotherapy chemotherapy for
patients with unresectable hepatocellular carcinoma: a new alternative for
a old problem. J Interferon Cytokine Res 1995; 15:467-472.

Shirai M, Watanabe S, Nishioka M. Antitumor effect of intratumoral
injection of human recombinant interleukin-2 in patients with hepatocellular
carcinoma: a preliminary report. Eur J Cancer 1990; 26:1045-1048.
Kawata A, Une Y, Hosokawa M, Wakizaka Y, Namieno T, Uchino J, et al.
Adjuvant chemoimmunotherapy for hepatocellular carcinoma patients.
Adriamycin, interleukin-2 and lymphokine activated killer cells versus
adriamycin alone. Am J Clin Oncol 1995; 18:257-262.

Kountouras J, Boura P, Kouklakis G. Locoregional immunotherapy in
hepatocellular carcinoma. Hepatogastroenterology 2002; 49:1109-1112.
Lissoni P, Barni S, Tancini G, Ardizzoia A, Tisi E, Angeli M, et al. Intracavitary
therapy of neoplastic effusion with cytokines: comparison among interferon
alpha, beta and interleukin-2. Support Care Cancer 1995; 3:78-80.
Porta C, Rizzo V, Zimatore M, Sartore-Bianchi A, Danova M, Mutti L.
Intrapleural interleukin-2 induced nitric oxide production in pleural effusions
from malignant mesothelioma: a possible mechanism of interleukin-2
mediated cytotoxicity. Lung Cancer 2002; 38:159-162.

Astoul P, Viallat JR, Laurent JC, Brandely M, Boutin C. Intrapleural
recombinant IL-2 in passive immunotherapy for malignant pleural effusion.
Chest 1993; 103:209-213.

Goey SH, Eggermont AM, Punt CJ, Slingerland R, Gratama JW, Oosterom
R, et al. Intrapleural administration of interleukin-2 in pleural mesothelioma:
a phase |-l study. Br J Cancer 1995; 72:1283-1288.

Astoul P, Picat-Joossen D, Viallat JR, Boutin C. Intrapleural administration
of interleukin-2 for the treatment of patients with malignant pleural
mesothelioma: a phase Il study. Cancer 1998; 83:2099-2104.
Castagneto B, Zai S, Mutti L, Lazzaro A, Ridolfi R, Piccolini E, et al.
Palliative and therapeutic activity of IL-2 immunotherapy in unresectable
malignant pleural mesothelioma with pleural effusion: results of a phase Il
study on 31 consecutive patients. Lung Cancer 2001; 31:303-310.
Bretti S, Berruti A, Dogliotti L, Castagneto B, Bertulli R, Spadaro P, et al.
Combined epirubicin and interleukin-2 regimen in the treatment of
malignant mesothelioma: a multicenter phase Il study of the ltalian Group
on Rare Tumors. Tumori 1998; 84:558-561.

Mulatero CW, Penson RT, Papamichael D, Gower NH, Evans M, Rudd RM.
A phase Il study of combined intravenous and subcutaneous interleukin-2
in malignant pleural mesothelioma. Lung Cancer 2001; 31:67-72.
Benyunes MC, Fefer A. Interleukin-2 in the treatment of hematologic
malignancies. In: Atkins MB, Mier JW, (editors): Therapeutic applications of
interleukin-2. New York: Marcel Dekker; 1993, pp. 163-175.

Schiller G, Wong S, Lowe T, Snead G, Paquette R, Sawyers C, et al.
Transplantation of IL-2 mobilized autologous peripheral blood progenitor

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

cells for adults with acute myelogenous leukemia in first remission.
Leukemia 2001; 15:757-763.

Blaise D, Attal M, Reiffers J, Michallet M, Bellanger C, Pico JL, et al.
Randomized study of recombinant IL-2 after autologous bone marrow
transplantation for acute leukemia in first complete remission. Eur Cytokine
Netw 2000; 11:91-98.

Cortes JE, Kantarjian HM, O'Brien S, Giles F, Keating MJ, Freireich EJ,
Estey EH. A pilot study of IL-2 for adults patients with acute myelogenous
leukemia in first complete remission. Cancer 1999; 85:1506-1513.
Dmoszynska A, Legiec W, Wach M. Attempted reconstruction of the
immune system using low doses of IL-2 in chronic lymphocytic leukemia
patients treated with 2-chlorodeoxyadenosine: results of a pilot study. Leuk
Lymphoma 1999; 34:335-340.

Vey N, Blaise D, Lafage M, Olive D, Viens P, Baume D, et al. Treatment of
chronic myelogenous leukemia with IL-2: a phase Il study in 21 patients.
J Immunother 1999; 22:175-181.

Lissoni P, Bolis S, Brivio F, Fumagalli L. A phase Il study of
neuroimmunotherapy with subcutaneous IL-2 plus the pineal hormone
melatonin in untreatable advanced hematologic malignancies. Anticancer
Res 2000; 20:2103-2105.

Vivancos P, Granena Jr A, Sarra J, Granena A. Treatment with IL-2 and IFN
alpha 2b after autologous bone marrow or peripheral blood stem cell
transplantation in onco-hematological malignancies with a high risk of
relapse. Bone Marrow Transplant 1999; 23:169-172.

Shah MH, Baiocchi RA, Febniger TA, Khatri VP, Gould M, Poiesz B, et al.
Cytokine replacement in patients with HIV-1 non-Hodgkin's lymphoma: the
rational for low dose IL-2 therapy. Cancer J Sci Am 2000; 6:45.

Marras C, Mendola C, Legnani FG, DiMeco F. Inmunotherapy and
biological modifiers for the treatment of malignant brain tumors. Curr
Opin Oncol 2003; 15:204-208.

Guirguis LM, Yang JC, White DE, Steinberg SM, Liewehr DJ, Rosenberg
SA, Schwartzentruber D). Safety and efficacy of high dose IL-2 therapy in
patients with Brain metastases. J Immunother 2002; 25:82-87.

Hanes J, Sills A, Zhao Z, Suh KW, Tyler B, DiMeco F, et al. Controlled local
delivery of IL-2 by biodegradable polymers protects animals from
experimental brain tumors and liver tumors. Pharm Res 2001;
18:899-906.

Kim J, Millikan RE, Smith TL, Shi-Ming T, Pagliaro LC, Logothetis CJ.
Treating refractory advanced or metastatic urothelial carcinoma with IL-2: a
phase Il study. Urologic Oncol 2003; 21:21-26.

Grasso M, Torelli F, Scannapieco G, Franzoso F, Lania C. Neoadjuvant
treatment with intravesical interleukin-2 for recurrent superficial transitional
bladder carcinoma Ta-TI/GI-2. J Immunother 2001; 24:184.

Krejci KG, Markiewicz MA, Kwon ED. Immunotherapy for urological
malignancies. J Urol 2004; 171:870-876.

Maffezzini M, Simonato A, Fortis C. Salvage immunotherapy with
subcutaneous recombinant IL-2 and alpha interferon for stage D3
prostate carcinoma failing second line hormonal treatment. Prostate 1996;
28:282-286.

Den Otter W, Dobrowolski Z, Bugajski A, Papla B, Van Der Meijden AP,
Koten JW et al. Intravesical IL-2 in Tl papillary bladder carcinoma:
regression of marker lesion in 8 of 10 patients. J Uro/ 1998;
159:1183-1186.

Cortesina G, De Stefani A, Giovarelli M, Barioglio MG, Cavallo GP,
Jemma C, Forni G. Treatment of recurrent squamous cell carcinoma of the
head and neck with low doses of IL-2 injected perilymphatically. Cancer
1988; 62:2482-2485.

Saito T, Kakiuti H, Kuki K, Yokota M, Jinnin T, Kimura T, et al. Clinical
evaluation of local administration of RIL-2 in head and neck cancer. Nippon
Jibiinkoka Gakkai Kaiho 1989; 92:1265-1270.

Chi KH, Myers JN, Chow KC, Chan WK, Tsang YW, Chao Y, Yen SH, et al.
Phase |l trial of systemic recombinant interleukin-2 in the treatment of
refractory nasopharyngeal carcinoma. Oncology 2001; 60:110-115.
Feinmesser R, Hardy B, Sadov R, Shwartz A, Chretien P, Feinmesser M.
Report of a clinical trial in 12 patients with head and neck cancer treated
intratumorally and peritumorally with multikine. Arch Otolaryngol Head
Neck Surg 2003; 129:874-881.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



