Int. J. Cancer: 94, 109—120 (2001)
© 2001 Wiley-Liss, Inc.

Publication of the International Union Against Cancer

IMMUNOTHERAPY OF METASTATIC KIDNEY CANCER

Giancarlo Pizza'* Caterina DE Vinet', Giuseppe Lo ConTE', Paolo MAvER!, Ennio Dracont', Emesto AigLLO",

Vittorio FornaroLA', Tiziano Bercami®, Luciano BusuTtr, Stefano BORIANE,

Aldopaolo ParareT* and Rodolfo Capanna®

Immunotherapy Module, Operative Unit of Urology, Department of Urology, S. Orsola-Malpighi Hospital, Bologna, Ialy
*Operative Unit of Radiotherapy, Department of Oncology, S. Orsola-Malpighi Hospital, Bologna, Italy

*Operative Unit of Orthopedics, Maggiore Hospital, Bologna, haly

*Department of Computer Science, University of Bologna, Bologna, ltaly
2nd Division of Orthopaedics, Reconstructive Surgery Centre, Florence, Italy

From April 1986 to September 2000, 122 MRCC patients
were treated by monthly intralymphatic injections (contain-
ing a mean of 573 IL-2 U and 26 X 10° LAK cells) and i.m.
administration of IFN and TF; 71 patients also received a
3-day cycle of monthly IL-2 inhalations with a mean of 998
daily U. MRCC cases not treated by immunotherapy (n = 89)
represent our historical controls. Adverse clinical side effects
related to treatment were negligible. CR (n = 1) and PR
(n = 13) were noticed in 24/122 patients. Of 24 responding
patients, 17 resumed progression, whereas 7 remain in re-
mission [1-69 months later. The overall median survival of
treated patients (28 months) was 3.5-fold higher than the
median survival of historical controls (7.5 months), and a
Kaplan-Meier curve showed 25% survival |1 years after the
beginning of immunotherapy. Apparently, the addition of
IL-2 by inhalation improved survival. The present immuno-
therapy protocol appears to be efficacious, safe, devoid of
adverse side effects, far less costly than others and able to
offer a good quality of life to MRCC patients; if confirmed in
a multicenter trial, it could set the basis for developing low-
dose immunomodulatory treatments.
© 2001 Wiley-Liss, Inc.
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The most promising systemic therapy for MRCC is immuno-
therapy with IL-2.! The original observations by Rosenberg ef al..?
using i.v. administration of high-dose rIL-2 and LAK in MRCC
patients showed encouraging clinical response rates and long-
lasting remissions. These results have prompted many clinical
trials using various administration routes: i.v. both in bolus and
continuous or s.c. in combination or not with IFN and/or chemo-
therapeutic agents. In 1,411 MRCC patients, the overall rate of
response was 20% .5+

Nonetheless, despite the lowering of the IL-2 dosage and the
decrease of the 4% fatal outcome of the initial studies, thanks to
the improved selection of patients and the clinical experience
acquired,> the persistence of more often than not severely adverse
clinical side effects remains the most important hindrance for the
wide use of IL-2.

Hence, being aware of the risk from a high IL-2 dose and of its
ability 1o activate, at low doses. tumor mass rejection,” we
attempted to develop alternative protocols. An observation made in
I MRCC patient, in whom injection of a metastasis with IL-2 and
LAK cells was followed by regression not only of the treated
tumor but also of several other abdominal lymph node metastases,
prompted us to further investigate the low-dose effect using the
intralymphatic route. Following intratumor low-dose injections of
IL-2 into infiltrating bladder cancers or lymph node metastases of
MRCC patients, both the injected and the non-injected distant
metastases often disappeared.”® Thus, by administering very low
doses of IL-2 and LAK cells into the lymphatic vessels of the foot,
we observed encouraging clinical results with minimal side ef-
l‘CL_"L\.I“'“

To boost the overall immune response'?'* and prevent oppor-
tunistic infections,'* patients also received i.m. TF injections. In
our institution, TF is currently used as an adjuvant treatment of

certain tumors, ie., non-small-cell lung cancer' and hormone-
unresponsive prostate cancer,'> with promising clinical results.
Following our preliminary observations, we report here results
obtained in 122 MRCC patients treated with intralymphatic ad-
ministration of non-recombinant 11.-2 and LAK cells, IFN and TF.

MATERIAL AND METHODS
Patient population

From April 1986 to September 2000, 122 MRCC patients were
treated. Their sex, age, appearance of metastasis from nephrec-
tomy and organ involvement are reported in Table 1. One hundred
showed a performance status, according Karnofsky. of between
80 and 100, with 22 between 50 and 79. We further identified a
subgroup of 99 patients by excluding 23 patients according to the
following criteria: 8 because they were treated for <2 months; 1
because he was suffering from a known non-responsive histology
(transitional-cell carcinoma), 4 because they were not nephrecto-
mized and 10 because they were previously treated with rlL-2
elsewhere and, because of the adverse side effects, asked to enter
into our protocol. These 10 patients are identified as group 1L-2-R.
Statistical analyses were carried out considering all groups. Four
patients were not nephrectomized because of high surgical risk.

Only 118 patients underwent nephrectomy: 7 showed histolog-
ical grade 4, 56 grade 3 and 20 grade 2. For 39 patients, we were
unable to obtain grading and had only the pathologist’s report
stating “carcinoma of the kidney;" these nephrectomies were per-
formed outside our hospital years before and slides were not
available. All patients gave written informed consent for [L-2
treatment. The ethics committee of our hospital approved the
written protocol. After evaluation of our results, the Emilia-Ro-
magna Regional Therapeutic Committee, responsible for treat-
ments, included “intralymphatic administration of therapeutic
drugs” in the list of approved therapies,
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progression; rIL-2, recombinant 1L-2: TF, transfer factor: TNM, tumor,
node, metastasis.
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TABLE 1-DATA ON TREATED PATIENTS

Patients 122
Sex
Female 24 (19%)
Male 98 (81%)
Age (years) 18-85 (61.1 = 11.8)
Patients with synchronous metastases 65 (53.2%)
Patients with metachronous 57 (46.7%)

metastases
Appearance of metastasis from
nephrectomy (months)
Stage IV 122
Histological grading
2

4-169 (54 = 47)

2 20 (16%)
3 56 (46%)
- 7 (6%)
? 39 (32%)
Site of metastases
Lung 56 (45%)
Liver 4 (3.5%)
Bone 29 (24%)
Brain 4 (3.5%)
Lymph nodes 23 (19%)
Kidney 6 (5%)
Multiple organs 29 (24%)
Solitary metastasis 16 (13%)
=] metastasis 106 (87%)
Months of immunotherapy 1-135
Months of follow-up 3-140

Historical controls

Eighty-nine nephrectomized MRCC patients not treated with
immunotherapy represent our historical controls. All patients were
treated and monitored in our institution; in 39 patients, the diag-
nosis was synchronous with that of a primitive kidney tumor and,
in 50, metachronous, made at various post-nephrectomy time
intervals. Of the 89 patients, 25% had bone metastases, 56% lung,
2.5% both brain and liver and 15% lymph node involvement.
Certain patients underwent EBRT with 40-50 Gy conventional
fractionation as complementary therapy.

Immunotherapy protocol

The current protocol consisted of 1 monthly intralymphatic
administration of IL-2 and LAK cells, after 3 consecutive days of
IL-2 inhalation; patients also received i.m. injections of TF
monthly and IFN-a biweekly. The initial treatment cycle lasted 6
months, with restaging at 3 and 6 months. Persistence of disease or
CR was followed by an additional 6-month cycle. In case of
progression, treatment was discontinued, unless the patient wanted
to pursue it for an additional cycle. All treated patients were
analyzed statistically. Inclusion criteria were the confirmed histo-
logical diagnosis of renal cancer metastasis and written informed
consent from the patient. Exclusion criteria were age <18 years;
life expectancy <1 month; Karnofsky index <40; presence of
acute viral, bacterial and/or autoimmune diseases: serum creatinine
>0.2 g/l; cardiac infarction during the last 2 months; and cardiac
failure requiring medication. We also excluded patients who
needed cortisone medication, with the exception of 1 who under-
went bilateral adrenalectomy and required daily cortisone (4 mg)
and patients with brain lesions during EBRT. One patient with
lung metastases, after bilateral nephrectomy necessitating renal
dialysis, 8 hr 3 times a week, was also included.

IL-2 production and [ymphoceyte activation

IL-2 production and IL-2 activation (LAK cells) of PBLs were
previously described.”-19 Briefly, 30 ml of PB were obtained from
cach patient and the lymphocytes separated by centrifugation on a
Ficoll-Hypaque gradient. After 3 washes in RPMI-1640 (GIBCO
BRL. Gaithersburg, MD), PBLs were suspended at 2 X 10%ml of
RPMI-1640 supplemented with 2% autologous, heat-inactivated

plasma (56°C for 20 min, then cleared by 15 min centrifugation at
800g) and incubated for 72 hr at 37°C in a CO, incubator with 20
U/ml IL-2 in 75 ml Falcon (Lincoln Park, NJ) plastic bottles.
Immediately before incubation, 0.2 ml of the cell suspension was
taken for sterility assessment on specific media for bacteria and
mycoplasma following standard techniques. The IL-2-stimulating
dose was chosen by assessing the in vitro effects of escalating
doses, from 10-200 U/ml, on different CD leukocyte antigens
expressed on the membrane of PBLs.

Since 20 U represents the lowest amount for obtaining, after 3
days of incubation, a statistically significant increase of surface
lymphoid markers (CD4, CD16, HLA-DR and monocyte markers),
this concentration was chosen for the preparation of LAK cells to
be used for therapeutic purposes.!' After incubation, IL-2-acti-
vated PBLs (LAK cells) were washed 3 times in saline and
suspended in 2 to 3 X 107 cells/ml saline containing 250 to 10,000
IL-2 U; 2.5 U IL-2, thus determined,” correspond to 1 pg human
IL-2, as assessed using the ELISA kit Biotrak (Amersham, Ayles-
bury, UK).

Intralymphatic injection of IL-2 and LAK cells

Lymphatic vessels of the foot were localized according to the
standard technique for lymphography and cannulated with a fine
27 G butterfly needle connected to a syringe with 5-10 ml of
saline, containing 250 to 10,000 IL-2 U and 2 to 8§ X 107 LAK
cells. The syringe was connected to a mini-dose-injecting pump
(0.5 ml/min). Injections were given over 10-20 min, in a dose-
escalating fashion (i.e., 250, 500, 1,000, 5,000, 10,000 U), until the
appearance of minimal side effects (usually chills); they were
performed at monthly intervals, alternating the foot. Patients were
pre-medicated 1 hr before injection, using clorphenamine maleate
(10 mg) and ranitidine chlorydrate (50 mg) (administered i.m.), to
block the H1 and H2 receptors of lymphoid cells. In the presence
of side effects, IL-2 administration was interrupted and a symp-
tomatic treatment was immediately started. In a few cases, side
effects did appear, starting with chills. The above-mentioned drugs
were then re-administered. If chills persisted 15-20 min later,
200-500 mg of hydrocortisone were administered. If the blood
pressure dropped to 90 mm Hg, dopamine chlorydrate was in-
jected. Furthermore, with even minimal side effects, the next
month’s IL-2 injection was reduced to 250 U and LAK cells were
derived from only 30 ml of blood.

IL-2 inhalarions

From April 1992, in some patients with lung metastases for
whom we could not administer IL-2 and LAK cells intralymphati-
cally because of concomitant treatment with dicoumarol for the
presence of thrombi in vena iliaca (we also inserted a filter for
impeding thrombi dissemination), [L-2 was administered by inha-
lation according to the protocol of Huland er al.'® As results
appeared hopeful, IL-2 inhalations were also offered to other
patients: 250 IL-2 U in 5 ml of saline were administered 4 times a
day for 3 consecutive days each month: inhalation lasted 15-20
min, and standard aerosol inhaler equipment was used. On the
fourth day. patients received intralymphatic treatment.

IFN

Because of some favorable clinical reports!” and for a better
expression of tumor-associated and histocompatibility antigens on
the surface of tumor and lymphoid cells.'® 34 randomly chosen
patients were biweekly injected i.m. with 10° units of commer-
cially available recombinant IFN-alfa-2a that should, theoretically,
produce 10-20 U/ml in the body fluid.

Transfer factor

From the beginning of the present protocol. MRCC patients
treated with IL-2 also received monthly i.m. injections of 3.5 U
TF. The latter was produced in our laboratories from mononucle-
ated cells obtained from pools of 100 buffy coats of the hospital's
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TABLE II - IL-2 TREATMENTS

Number of intralymphatic
treatments

Number of LAK cells (x10°%)

Number of IL-2 U

Number of B — — =
patients . Mean per 2 Mean per Mean per _— Mean per Mean per
B Tossd - patient 7:['7'“' patient __injection 77‘"“”77 ‘17:‘“"“ - Jr!i:\'n(m
122 1,858 152 49,250 403.7 26.5 1.065.113 8.730.4 573.3
Number of aerosol treatments Number of IL-2 U
Number of —_—— T e —— —— = o R —
patients Total Per patient ; “k‘:‘d‘i of Per patient Total Per patient Per :‘5",““" Per aerosol
71 10,315 1453 800 11.3 2,941,660 41.431.8 998.2 285.2
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FIGURE 2 - Distribution of patients according to the mean dose of
LAK cells (x10° injected in the lymphatic vessels of the feet.

blood bank donors. TF was extracted using the standard tech-
nique,'? slightly modified; it was stored lyophilized and solubilized
in 5 ml of saline immediately before injection. One unit was
obtained from 1 X 10° cells.

Evaluation of clinical response

Clinical response was evaluated by considering both the overall
survival rate (Kaplan-Meier curves) and the response rate at the
level of measurable metastases according to conventional param-
eters. Thus, CR is the complete disappearance of tumor in all sites
the disease may be detected for at least | month without new
lesions, PR is a decrease by 50% of the sum of the perpendicular
diameters of all measured lesions in the absence of detectable
tumor progression in any other site or the appearance (observed by
CT scan or chest X-ray) of new lesions for 1 month and PROG is

FiGure 3 — Distribution of patients according o the mean dose of
IL-2 administered by inhalation for a day cycle.

a 50% increase of the sum of the perpendicular diameters of all
measured lesions measured over the smallest sum observed (or
over baseline status if no decrease occurs), the re-appearance of a
lesion that had disappeared, worsening of detectable but non-
measurable disease or the appearance of new lesions. Stable dis-
ease or no response was decided when the disease status was not
modified following the criteria of complete or partial remission or
disease progression.

Atthe beginning of treatment, patients were restaged every 4-8
weeks for the known metastatic site using standard X-rays (lung
and bone) or ultrasonography (liver, kidney. lymph nodes). CT
scan was done every 6—8 weeks for known brain metastases and
every 3 months for unknown sites and very small lesions (<0.5
cm). Every 6 months, we performed total body scintigraphy for
unknown bone lesions. Many patients in long-lasting remission
often refused the too frequent examinations. In this case, we
resorted to a total-body CT scan every 6 months and total-body
scintigraphy every 8-12 months. Serum and urine biochemical
parameters (Na ", K", transaminases, bilirubin, creatinine, choles-
terol) were evaluated monthly; electrocardiograms were recorded
bimonthly. Blood pressure was measured twice, immediately be-
fore and at the end of IL-2 administration, if not required earlier for
other reasons.

Concomitant treatment

In 57 patients, EBRT was used both as an adjuvant tumor
reduction treatment and because of the possible synergy between
EBRT and increased antigenicity of the tumor.2° The dose range
for radiation was 20-30 Gy for metastases situated in the medi-
astinum and inguinal or lumbar lymph nodes, 30—45 Gy for bone
lesions and 40-50 Gy for brain lesions. Medication for pain was
administered without drug restriction.
























