
Abstract. Complex perioperative immunodysfunction
occurs in patients with renal cell carcinoma undergo-
ing nephrectomy. Here, the effect of pretreatment with
IL-2 is addressed. Of 63 patients who underwent
tumour nephrectomy, 26 patients received four doses
of 10 Mio IE/m2 IL-2 b.d. s.c. (i.e. a total of 40 Mio
IE/m2) a week before operation, 37 did not. Parameters
of cellular and humoral immunity (differential blood
count, T-cell markers CD2, CD3, CD4, and CD8, B-cell
markers CD19 and CD20, monocyte markers CD13
and CD14, NK-cell marker CD16, activation markers
CD25, CD26, CD69 and HLA-DR, and cytokines IL-1-
receptor antagonist (IL-1RA), IL-2, soluble IL-2-
receptor (sIL-2R), IL-6, IL-10, and TGFfl) were
measured in peripheral venous blood. Blood was
drawn before IL-2, one day before and immediately
after the operation, and on the 1st, 3rd, 5th, and 10th

postoperative day.
All patients showed postoperatively elevated leukocyte
and granulocyte counts, and elevated serum levels of
cytokines IL-6 and IL-10. T-cell and activation mark-
ers were decreased. However, all these alterations were
less accentuated in patients who had been pretreated
with IL-2. Monocyte counts and IL-2 and TGFfl levels
were decreased, but IL-1RA and sIL-2R levels were
elevated in pretreated patients. IL-2-related toxicity
was WHO grade I-II in all patients, grade III in one
patient. The anaesthetic regimen had no measurable
effect. IL-6 concentrations were higher in renal venous
than in venous pool blood, indicating IL-6 production
in the tumour in vivo. Tumour-specific survival was
better in pretreated patients with tumours extending
beyond the kidney.

Pretreatment with IL-2 modulates perioperative
immunodysfunction in patients undergoing tumour
nephrectomy. This affects in particular T-cell-mediated
immunity and levels of cytokines IL-10 and IL-6. The
IL-2 application scheme used here was followed by dis-
tinct counter regulation including monocytes, IL-2,
sIL-2R, IL-1RA and TGFfl. Taken together, pretreat-
ment with IL-2 may complement surgery in the treat-
ment of patients with renal cell carcinoma, and may
help close the therapeutic gap between neo-adjuvant
and adjuvant immunotherapy.

Surgery is the mainstay of therapy of localized renal
cell carcinoma. This approach can be curative if the dis-
ease is diagnosed and treated while being confined to
the kidney. Surgery (Parry-Billings et al., 1992;
Allendorf et al., 1997; Hensler et al., 1997; Kuntz et al.,
1998; Gitzelmann et al., 2000; Leaver et al., 2000;
Ogawa et al., 2000;), including renal surgery (Bˆhm et
al., 2001), and related measures, however, appear to be
associated with distinct perioperative immunodysfunc-
tion. This may be a reason why more patients with
organ-confined disease appear to die from relapse after
complete resection of the tumour than are expected to
have micrometastases at the time of operation (Giuliani
et al., 1990; Herrlinger et al., 1991; S·nchez de la
Muela et al., 1991), in particular those with initially
small tumours less than 6.5 cm in diameter (HultÈn et
al., 1969). Dissemination of tumour cells into the blood
pool is not a rare event after all in renal cell carcinoma
(McKiernan et al., 1999; Ashida et al., 2000; Bilkenroth
et al., 2001), but only the minority of disseminated
tumour cells appear to be able to attach to and survive
in body tissue and form metastases. The immune sys-
tem being impaired in the early postoperative period
may facilitate the implantation of disseminated tumour
cells and their early metastatic growth.

Interleukin-2 (IL-2) is an established modulator of
the immune system. The mature 15.5 kDa glycoprotein
protects T cells from glucocorticoid-induced apoptosis
and enhances immunoglobulin production. In vivo T
cells ñ in particular activated T-helper (CD4+) type
1 cells ñ are the major source of IL-2. IL-2 activates
a variety of cells in the immune system, including
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T-helper cells, cytotoxic T cells, B cells, macrophages,
natural killer (NK) cells and lymphokine-activated
killer (LAK) precursors. IL-2 can also act as an
autocrine growth factor for the rapid clonal expansion
of antigen-activated cells. Thus, it boosts both cellular
and humoral immunity. Recombinant IL-2 is therefore
being used as a key agent in the immunotherapy and
combined immuno/chemotherapy of a variety of
tumour entities, including renal cell carcinomas. Newer
schemes using dendritic cells emerge which use IL-2 as
a co-stimulant. IL-2 has been used to attenuate postop-
erative immunosuppression in colorectal cancer
(Nichols et al., 1992; Nichols et al., 1993; Bovo et al.,
1995; Deehan et al., 1995; Brivio et al., 1996; Brivio et
al., 1997), and non-small cell lung cancer (Masotti et
al., 1998), and a prognostic benefit has been attributed
to its use (Brivio et al., 1996; Brivio et al., 1997;
Masotti et al., 1998). It has to date, however, not yet
been used as a perioperative agent in renal cell carcino-
mas. Here, the effects of preoperative administration of
subcutaneous IL-2 in patients with renal cell carcinoma
are addressed.

Material and Methods

Patientsí selection
Patients who underwent tumour nephrectomy were

offered preoperative immunomodulation with IL-2. Of
32 patients, 26 gave their informed consent. These
patients were given a total of four doses of 10 Mio IE
per m2 IL-2 (ProleukinR, Chiron) b.d. s.c. a week
before operation together with an antipyretic co-med-
ication of 1 g paracetamol tds. A high IL-2 dosage was
chosen in order to initiate a measurable immunomodu-
lation. The administration was started a week before
surgery in order to allow the patientís immune system
enough time to respond (see discussion). The adminis-
tration was discontinued several days before the opera-
tion so that IL-2-related toxicity did not interfere with
the operation. Performance was assessed using the
ECOG score, and tumours were staged using the UICC-
TNM classification. IL-2-related toxicity was assessed
according to WHO criteria (World Health Organization,
1979). Thirty-seven patients who received no IL-2 pre-
treatment and had given informed consent to blood
withdrawal served as a control. Peripheral venous blood
was collected before administration of IL-2, one day
before and immediately after the operation, and on the
1st, 3rd, 5th, and 10th postoperative day. Open surgery
was performed under general anaesthesia, and no pre-
operative haemodilution was used. Only patients
between 35 and 80 years of age were included in order
to minimize an age bias. Also, septic patients, patients
who did not consent, and emergencies were excluded.
The study has been approved by the local ethics com-
mittee.

In order to assess the effect of anaesthesia, addition-
al blood was drawn from a subset of patients (N=18)
before and after the induction of anaesthesia, but before
a skin incision was made.

In an attempt to discriminate whether the changes
originate within the tumour-bearing kidney or are rather
a phenomenon of redistribution between various body
compartments, in a subset of patients (N=19) renal
venous blood and a sample from the general blood pool
(peripheral or central) were collected at the same time
during operation.

Immunological analyses
Parameters of cellular and humoral immunity (dif-

ferential blood count, T-cell markers CD2, CD3, CD4,
and CD8, B-cell markers CD19 and CD20, monocyte
markers CD13 and CD14, NK-cell marker CD16, acti-
vation markers CD25, CD26, CD69 and HLA-DR, as
well as the cytokines IL-1-receptor antagonist, IL-2,
soluble IL-2-receptor, IL-6, and IL-10) were measured
using a standard technique or commercially available
kits. Cellular parameters: whole blood (100 µl, EDTA)
was stained with monoclonal antibodies conjugated with
fluorescein isothiocyanate (FITC), phycoerythrin (PE) or
peridinin chlorophyll protein (PerCP). All antibodies
were purchased from Becton Dickinson (Becton
Dickinson, Heidelberg, Germany). Erythrocytes were
lysed by incubation with FACS lysing solution (Becton
Dickinson) for 15 min, and leukocyte subsets were deter-
mined by flow cytometry using a FACS Calibur (Becton
Dickinson). Cytokines and soluble cytokine receptors:
serum was harvested from whole blood (0.105 M sodium
citrate) after centrifugation at 800 g and stored at ñ70∞C
until analysis. Enzyme immunoassays (R&D Systems
GmbH, Wiesbaden, Germany) were used for the analyses
according to the recommendations of the manufacturer.
The TGFfl assay was performed as described
(Danielpour, 1993) with minor alterations. For this assay
relative values were calculated because of a base line
shift due to a change of batches.

Statistical analyses
Group differences were calculated using a t-test for

each time point. A t-test was also performed for the
analysis of renal venous data and for the analysis of
data before and after induction of anaesthesia.
A P value of 0.05 and less was considered significant.
Survival was calculated using the log rank module. The
statistical software SAS, version 6.12, PROC GLM
(SAS Institute, Cary, NC, USA, SAS Institute Inc.,
1994) was used.

Results
The two groups appeared comparable: ECOG per-

formance score on admission was 1 or 2 for all patients
and did not differ between the groups. Tumour stages of
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the patients who did not receive IL-2 were: organ-con-
fined (T1-2N0M0) 23/37, beyond Gerotaís fascia
(T3N0M0) 10/37, and metastasized (N+M+) 4/37.
Tumour stages of the patients who received IL-2 were:
organ-confined (T1-2N0M0) 15/26, beyond Gerotaís
fascia (T3) 8/26, and metastasized (N+M+) 3/26. All
patients who received IL-2 suffered from IL-2-related
toxicity WHO grade I-II, one patient suffered from toxi-
city WHO grade III. Toxicity subsided usually the day
after the last IL-2 injection. Operation had to be post-
poned once because of elevated liver enzymes.

Pretreated patients showed a marked reduction of
their postoperative monocyte and CD13/CD14 counts.
In constrast, the postoperative depletion of intravasal
lymphocytes was attenuated. This effect is caused by
both a preoperative increase (day -7 vs. day -1) and
a less accentuated T-cell depression (CD2, CD3, CD4,
and CD8). It is noteworthy that this effect is more clear-
ly seen with total T cells (CD3) and T-helper cells (CD4)
than with cytotoxic T cells (CD8). NK cells (CD16) and
B cells (CD19, CD20) showed a trend to increase after
pretreatment with IL-2 (day -7 vs. day -1), but were not
significantly different from non-pretreated patients.
Activation markers increased significantly after the
administration of IL-2 (day -7 vs. day -1) and remained
above the levels of non-pretreated patients.

The postoperative increase of cytokines IL-6 and IL-10
on days 0 and 1 was less accentuated in IL-2-pretreated

patients. As expected, IL-2 levels were increased after the
administration of IL-2, but downregulated during the
early postoperative period. Following the IL-2 challenge,
levels of the soluble IL-2 receptor were elevated during
the postoperative period with a tendency to approach pre-
treatment levels on day 10. This was mirrored by the
CD25, i.e. membrane-bound IL-2 receptor changes.
However, both soluble IL-2 receptor and membrane-
bound CD25 were elevated in IL-2-pretreated patients.

IL-1 receptor antagonist levels were elevated after
IL-2 pretreatment. TGFfl levels were initially lower in
pretreated patients: 2.3 ng/mL on day -7 in pretreated
patients vs. 16.4 ng/mL on day -1 in non-pretreated
patients. Pretreatment with IL-2 increased TGFfl levels
perioperatively.

The general anaesthetic regimen used in this study
seemed to have little effect on the parameters of immu-
nity measured. None of the parameters measured
changed significantly after the induction of anaesthesia.

Renal vein measurements corroborate our previous
finding (Bˆhm et al., 2001) that IL-6 is present in the
tumour-bearing kidney in higher concentrations than in
the general venous blood pool (P = 0.028).

Tumour-specific survival after a mean follow-up of 27
months appeared to be better in pretreated patients (mean
survival of 0.87 vs. 0.76, P = 0.127, Fig. 1). If T1 tumours
or organ-confined (T1/2) tumours were excluded,
tumour-specific survival of pretreated patients appeared

to be better: P = 0.065.

Discussion
The main finding of this

study is that pretreatment with
the IL-2 can modulate the post-
operative immunodysfunction
in patients undergoing tumour
nephrectomy. In particular is
the depression of T-cellular
immunity counteracted by pre-
treatment with IL-2, and the
postoperative increase of cyto-
kines IL-6 and IL-10, which are
known to have also negative
immunomodulatory properties,
is attenuated. This appears to
benefit predominantly patients
with tumours extending beyond
the kidney. However, the IL-2
application scheme used here is
moderately well tolerated.
Frequency and severity of side
effects were within the reported
range for the dosage used
(Brivio et al., 1992; Brivio et
al., 1993; Brivio et al., 1996).
Considering that the IL-2 appli-
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Fig. 1. Tumour-specific survival of patients undergoing tumour nephrectomy.
Patients receiving (blue) or not receiving (red) pre-operative immunomodulation
with IL-2.



cation scheme used was also followed by a distinct
counter-regulation of IL-2, a less toxic scheme but
extending into the postoperative period might benefit the
patients. In fact, a dose of 1.8 Mio IE/m2 b.d. s.c., i.e.
about one fifth of the dosage used in this study, seemed
to be well tolerated when administered until the early
postoperative period (Nichols et al., 1992).

The elevated renal venous IL-6 levels suggest that the
IL-6 changes are associated with the tumour-bearing
kidney in a subset of patients. This is consistent with the
finding that IL-6 expression is elevated in primary renal
cell carcinomas (Takenawa et al., 1991). IL-6 is a promi-
nent mediator of an acute phase reaction with immuno-
suppressive properties (Biffl et al., 1996). It has an
ability to enhance growth of human renal cell carcino-
mas (Miki et al., 1989; Koo et al., 1992; Takenawa et
al., 1995), and elevated IL-6 levels have been associat-
ed with an adverse prognosis in renal cell carcinoma
patients (for review see Ulchaker and Klein, 1996).
However, the authors did not measure renal venous
cytokine levels from the contralateral kidney for ethical
reasons. Therefore, a possibility remains that the IL-6
difference was also caused by IL-6 production in the
contralateral healthy kidneys in these patients.

The authors realize that measurements and data per-
tain only to the blood compartment, but that immuno-
logical responses and processes also occur within the
tissue, such as the proposed production of IL-6 in the
operative field (Hisano et al., 1997). This gives room to
speculate that the perioperative changes shown may
simply reflect a redistribution of cell populations
between blood and tissue. A simultaneous investigation
of blood and tissue compartment could answer this
question. However, when considering the possibility of
haematogenous dissemination of tumour cells, which is
a major path of metastasis in renal cell carcinoma, the
perioperative status of the immune system within the
blood stream would be essential.

The authors are equally aware that some of their data
are phenotypic. Functional assays such as proliferative
responses and cytokine production in allogenic mixed
leukocyte reactions (MLR) or polyclonal stimulations
of mononuclear cells using phytohaemagglutinin
(PHA) or Staphylococcus aureus superantigen could
provide more information on the functional capacity of
the immune system (Lodge et al., 2000). However, if
the leukocytes are from peripheral blood, these assays
would also monitor intravasal immune status only. For
this reason, the authors chose a spectrum of immune
parameters that are suitable for monitoring the func-
tional status of the immune cells. Humoral markers,
such as some of the cytokine levels measured in this
study (IL-2, sIL-2R, IL-6, and IL-10) do indicate on the
functional status of the immune system.

Although a variety of T-cell subsets with very diverse
functions are being identified, the parameters CD25,
CD26, CD69, and HLA-DR viewed together are suit-

able for monitoring the effect of immunomodulators.
Recently, a small subset of CD4+CD25+ T-cells was
identified that contribute to negative immunoregulation
(Roncarolo et al., 2001) and can suppress the induction
of autoimmune disease. This subset comprises an esti-
mated 5 to 10% of peripheral T cells (Roncarolo and
Levings, 2000), a fraction that does not compromise the
usefulness of parameter CD25, in particular if it is
viewed together with other cellular activation markers,
such as CD26, CD69, and HLA-DR.

Anaesthesia can alter the immune system (for review
see Sheeran and Hall, 1997; Hunter, 1999). However,
different general anaesthetic regimens did not influence
perioperative IL-6 and IL-10 plasma levels in patients
undergoing abdominal hysterectomy (Gilliland et al.,
1997) or upper abdominal surgery (Kato et al., 1998).
The dosage of opioid had also no significant effect dur-
ing cardiac surgery (Brix-Christensen et al., 1998). In
fact, none of the parameters measured differed signifi-
cantly after the induction of anaesthesia. This suggests
that the effect of the anaesthetic regimen used here was
small and did not obscure the effects of IL-2 pretreat-
ment. It appears that anaesthesia does also have only lit-
tle effect on lymphocyte function as measured as
lymphoproliferative response which was not related to
the anaesthetic regimen in breast cancer patients
(Stanojevic-Bakic et al., 1999).

Surgical stress impairs cellular immunity. Recent
studies suggest that the impairment of the immune sys-
tem parallels the degree of the surgical trauma and tis-
sue injury (Parry-Billings et al., 1992; Allendorf et al.,
1997; Hensler et al., 1997; Kuntz et al., 1998;
Gitzelmann et al., 2000; Leaver et al., 2000; Ogawa et
al., 2000). In a mouse model, postoperative immune
function varied inversely with the surgical trauma
(Allendorf et al., 1997; Gitzelmann et al., 2000), and
postoperative tumour growth was associated with the
extent of the operative trauma (Southall et al., 1998).
A laparoscopic approach appears to reduce the systemic
acute phase reaction associated with cholecystectomy
(Gitzelmann et al., 2000) or nephrectomy (Fornara et
al., 2000). Blood transfusions (Heiss et al., 1997;
Ishijima and Suzuki, 1998) and sepsis (Song et al.,
1999; Steinhauser et al., 1999) do also have a capacity
to modulate the immune response. Here, the degree of
surgical trauma and blood loss was comparable
between the two groups, and septic patients were
excluded from the study. Therefore, the authors con-
clude that the differences between IL-2-pretreated and
non-pretreated patients are not related to the degree of
surgical trauma, blood loss, or sepsis.

Taken together, pretreatment with IL-2 might be
a feasible, yet investigational approach to complement
surgical therapy and modulate some alterations of the
immune system that occur perioperatively in patients
undergoing tumour nephrectomy (Bˆhm et al., 2002). It
appears to benefit predominantly patients with tumours
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no longer confined to the kidney. Functional data are
needed to corroborate the phenotypic data presented
here, before a definite recommendation can be given for
these patients. In particular is the concept of seeding
and circulation of tumour cells during an operation with
subsequent formation of micrometastases, however
compelling, speculative (Bˆhm et al., 2001; Bˆhm et
al., 2002) and needs corroboration with more clinical
survival data. IL-2 treatment should be initiated about
one week before operation in order to allow the
patientsí immune system enough time to respond to the
challenge. However, optimal IL-2 dosage, duration of
administration and possible beneficial co-stimulatory
agents remain to be determined.

Complementary and alternative medical approaches
are receiving increased attention in oncology, and the
American Cancer Society has compiled a guide to com-
plementary and alternative medicine (American Cancer
Society, 2000). Complementary measures seem to have
beneficial effects on the immune system of patients suf-
fering from prostate cancer (for review see Fair, 1999).
Such measures might also benefit patients with renal
cell carcinoma, because sophisticated surgery, includ-
ing nephron-sparing and laparoscopic techniques, alone
or in combination with radio- or chemotherapy cannot
cure metastasized disease.
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