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Renal Cell Carcinoma and Interleukin-2: A Review 
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CANCERS ARISING in the kidney are relatively uncommon, 
accounting for approximately 1.4% of all cancers in Northern 
Europe and 1.5% of all cancer deaths. The disease is twice as 
common in men as in women, and has a peak age of around 60 
years [I]. Outside of paediatr.ic practice, the dominant histology 
is adenocarcinoma with less than 10% being squamous or 
transitional carcinomas of the renal pelvis. The former histologi- 
cal type has also been termed hypernephroma [2] or Grawitz 
tumour [3]. 
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Renal ceil carcinoma (RCC) may remain clinically occult for 
most of its course. The presenting clinical features of RCC have 
been well described and are usually indicative of advanced 
disease [4-6]. Although the classical triad of gross haematuria, 
abdominal mass and pain are only seen in 9% of patients, 
individual symptoms including haematuria (SS%), abdominal 
mass (45%), pain (41%), weight loss (29%) and anaemia (21%) 
are common. Approximately 30% of patients have metastatic 
disease at presentation, another 25% have locally advanced 
disease, leaving 45% with localised tumour [?I. The TNM 
staging system provides an accurate method of classifying the 
extent of tumour involvement, although the staging has been 
simplified by dividing the patients into four groups [S]. The 
shortcomings of this system become obvious, however, when it 
is noted that the survival rate of patients with stage II is less 
than that of stage III (Table l), indicating an inappropriate 
assignment to prognostic groups. The grouping of renal vein, 
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Table 1. Long term survival after nephrectomy in 309 patients with 
renal cell carcinoma [9] 

Stage TNM stage 
S-year 

survival (%) 
IO-year 

survival (%) 

I 
II 
III 

Tl, NO, MO 
T2, NO, MO 
Tl, Nl, MO 
T2, Nl, MO 

T3a, NO, Nl, MO 
T3b, NO, Nl, MO 

65 56 
47 20 
51 37 

IV T4, any N, MO 8 7 
Any T, N2, N3, MO 
Any T, Any N, Ml 

vena caval and lymph node involvement in stage III causes the 
survival rates to be higher because, with adequate surgery, renal 
vein involvement is not a dire prognostic factor. 

Extension of tumour to regional lymph nodes is now accepted 
as being of major prognostic importance with the lo-year survival 
of node positive patients being only 17% [9]. Almost half of 
these recurrences occur within the first 12 months of nephrec- 
tomy. Once metastatic disease has occurred, the prognosis 
without therapy is sombre. Riches [lo] reported 3- and 5-year 
survivals of only 4.4 and 1.7%, respectively. Factors which 
apparently affect the outcome for patients with metastatic disease 
include time from initial diagnosis, weight loss, sedimentation 
rate and the number of metastatic sites involved [7,11-131. It is 
important to bear these points in mind when considering the 
results presented of small patient series (phase II studies) since 
selection of a relatively good prognostic category of patients may 
be rather more important in determining the apparent results 
than the treatment itself. 

Many small studies of chemotherapy with single or multiple 
agents in patients with advanced renal cell carcinoma have been 
reported. Response criteria, particularly for the older studies 
vary considerably. Vinblastine appears the most active agent, 
with response rates between 15 and 30%. When responses do 
occur, they are usually only partial, and evidence that they 
prolong survival is lacking [ 161. Efforts to improve these results 
with combination chemotherapy have proven disappointing, 
and many physicians do not advise chemotherapy routinely. 

Hormone manipulations have been used for the treatment of 
RCC for several decades. Bloom [14] first drew attention to 
progesterone, reporting a 16% response rate. Collected response 
rates vary between 5 and 9%, are rarely complete and are usually 
of short duration. When strict modern response criteria are 
applied, the response rate is probably only 2% [ 15, 161. 

The occurrence of spontaneous regression is a recognised 
feature of RCC. Possinger and colleagues have reviewed the 
literature [ 171 and several other authors have contributed to the 
debate [l&20]. In the collected series of 2411 patients, there 
were 11 spontaneous regressions (0.46%). Oliver and colleagues 
[21] reported a spontaneous regression rate of 8% in patients 
who were followed prospectively prior to the initiation of therapy 
with interferon. The majority of these responses occurred in 
lung metastases. The importance of these data lies in the fact 
that all patients should undergo a period of observation prior to 
entry into experimental protocols to ensure that progression 
is documented. Regression after nephrectomy has also been 

reported to occur. Montie and associates [22], however, observed 
this in only 4 of 474 (0.84%) undergoing nephrectomy. 

The occurrence of spontaneous regressions suggested that the 
immune system may, in certain circumstances, be able to 
overcome the tumour. This concept formed the basis for the 
use of immune stimulants, such as the interferons (IFN), in 
metastatic RCC. The results from published studies with the 
interferons are summarised in Table 2. The doses of IFN-o 
range from 1 to 100 MU per dose with a wide variety of 
schedules. Perusal of the data leads one to conclude that at doses 
less than 3 MU/day responses were uncommon. Apart from this, 
there is no clear dose-response effect. In the papers presented in 
Table 2, it is possible to gain an idea of some prognostic factors 
for response to IFN. 61 of 354 (17%) who had undergone a 
nephrectomy responded compared with 11 of 93 (12%) who had 
not. 20% (93/459) of patients with lung metastases responded 
compared to only 11% (30/268) of those without pulmonary 
metastases. If the only site of metastatic disease was in the lungs, 
then the response rate was 34% (32/93). Appreciation of these 
results is necessary to put in perspective more recently developed 
cytokine protocols. 

Interleukin-2 (IL-2) is a glycoprotein with a molecular weight 
of between 14,500 and 17,000 Da with the variation being due 
to differences in glycosylation. The recombinant protein which 
is in clinical use is not glycosylated but appears to have equivalent 
biological activity to the natural product. The IL-2 molecule 
consists of 133 amino acids with a disulphide bond between 
residues 58 and 105, which is essential for the activity of the 
cytokine [53]. The biological characteristics of this cytokine are 
such that is is unlikely to possess any direct anticancer effects 
against solid tumours. Any antitumour effects observed ita vivo 
must be due to induction of secondary effector systems, and 
IL-2 can, therefore, be considered a true biological response 
modifier. Characteristics which make IL-2 attractive for use as 
an anticancer agent include: 

(i) stimulation of the proliferation of helper and cytotoxic T 
cells primed by antigen [53-551; 

(ii) induction of the secretion of lymphokines such as IFN--y and 
tumour necrosis factor (TNF) [56, 571, cytokines shown to 
have direct antiproliferative effects; 

(iii) enhancement of the cytotoxicity of T and natural killer 
(NK) cells [53-55, 581. 

Under the influence of IL-2, a subpopulation of lymphocytes 
can develop “lymphokine activated killer” (LAK) cell activity. 
LAK activity is defined operationally as the in vitro lysis of both 
autologous and allogeneic fresh tumour cells, as well as cultured 
tumour cells including those that are NK-resistant [58-61]. 
LAK cytotoxicity is non-major histocompatibility complex 
restricted. The majority of these cells exhibit an NK phenotype 
but T lymphocytes, especially those with the gamma/delta 
receptor, can also show LAK cytotoxicity [58]. 

A large number of phase I and II studies with IL-2 given as 
single agent to patients with metastatic renal cell carcinoma 
have been published [62]. Of 384 patients reported, 16 (4.2%) 
achieved complete and 39 (10.2%) partial remissions. When 
LAK cells were included in the therapy, complete and partial 
remissions were observed in 8.4 and 17.8% of 309 patients, 
respectively [63]. Only one randomised trial has compared IL-2 
with or without LAK cells in a mixed group of melanoma and 
renal cell carcinoma patients. Although there appeared to be 
more complete remissions in the LAK arm, this was of border- 
line statistical significance [64]. 

It thus remains controversial as to whether LAK cells add 
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Table 2. Theram with interferon in metastatic rend cell carcinoma 

Study 
Dose 
(MU) Schedule 

NulIlber 
evaluated % Response 

A: Natural leucocyre interferon 
Quesada et al. [23] 
de Kemion et al. [24] 
Magnusson et al. [25] 
Kirkwood et al. [26] 

Edsmyr et 01. [27] 

B: Recombinant interferon-a 
Krown et al. [28] 
Einzig et al. [29] 
Quesada et al. [30] 

Kuzmits et al. [31] 
Schnall et al. [32] 
Fossa et al. [33] 
Kempf et al. [34] 

Umeda & Niijima [35] 

Scheithaurer & Niijirna [36] 
Buzaid et ul. [37] 
Muss et al. [38] 
Figlin et al. [39] 
Foon et al. [40] 
Otto et al. [41] 
Porzsolt et al. [42] 
Marshall et al. [43] 
Fossa et al. [44] 

C: Lymphoblastoid interferon 
Neidhart et al. [45] 
Neidhart et al. [46] 

Marumo et al. [47] 
Vugrim et al. [48] 
Vugrim et al. [49] 
Umeda & Niijima [35] 
Trump et al. [50] 
Eisenhauwer et al. [5 l] 
Fujita et al. [52] 

3 Daily 50 26 
3 5 x/week 43 10 

4-16 Daily 7 0 
1 Daily 14 0 
10 Daily 16 19 
3 Daily 11 27 

50 3xiweek 37 14 
g36 Daily 62 11 
2/mz Daily 15 0 
20/m* Daily 41 29 

10 Daily 8 13 
3-36 Daily 22 5 
18-36 Daily 2 20 
Z/m2 3 x/week 10 0 
30/m2 5 x/week 10 10 
6-10 3-5 days/week 45 18 
3-36 Daily 108 14 

10 Daily 18 11 
>36 Daily 22 23 
2/m* 3 x/week 51 10 
3-36 Days l-5 weekly 19 26 
2/m2 3 x/week 21 5 

1 3 x/week 42 17 
2 Days l-5 weekly 18 11 
1 Daily 16 25 
18 3xlweek 53 11 

5/m2 
3-20 
5-50 

3 
3/m* 
30/m* 

5 
3-20/m* 
3&100 

3 

3 x/week 
Days l-10 every 3 weeks 
Days l-5 every 3 weeks 

Daily 
3 x/week 
3 x/week 

Daily 
Days l-10 every 3 weeks 

weekly 
Daily 

33 15 
23 22 

9 22 
18 6 
21 5 
16 0 
73 23 
39 13 
37 11 
24 25 

Total 1100 14.6% 

anything to the response rates of IL-2 alone. A number of phase In Rotterdam, Stoter and colleagues have conducted a phase II 
I/II studies have reported the combination of IL-2 and IFN-a study combining IL-2, IFN-a2, and LAK cells [67]. Treatment 
[65]. Some 45 of 153 (29.4%) achieved complete or partial consisted of IL-2 18 x lo6 IU/m?day, by continuous infusion 
responses in these heterogeneous protocols. Recently, Palmer on days 1-5, together with IFN-a2, 5 X 106 IU/m*/day by 
and coworkers [66] constructed a prognostic model using a intramuscular injection. Leucapheresis was carried out on days 
database of 327 renal cell carcinoma patients treated with IL-2. 7-9 and the in vitro generated LAK cells were re-infused on days 
Patients could be divided into prognostic groups based on 12-14 with IL-2 and IFN at the same dose and schedule on days 
the following factors: Eastern Cooperative Oncology Group 12-16. 40 patients were available for analysis and 5 (13%) 
performance score (0 versus 1 ), time from diagnosis to treatment achieved complete and 11(28%) partial remissions. The median 
(>24 months versus 524 months), and number of metastatic time to progression was 8 months and that for remission duration 
sites (1 versus 22). Patients could then be classified into four 14 months. The median survival was 28 months. The model 
groups dependent on the mumber of risk factors present. The described above was used to compare the survival of these 
median survivals of these fou.r subgroups were 28,17,10 and 5 patients with that predicted from the prognostic factor analysis. 
months, respectively. The model was validated by the use of an The data are presented in Table 3. This protocol appears highly 
independent cohort of patients treated with subcutaneous IL-2 active but is associated with substantial toxicity. If protocols 
plus IFN-a and appeared to work well particularly with regard such as this or that developed by Rosenberg and colleagues 
to the very low and very high risk groups which represented [64] are to be widely used outside of academic hospitals then 
12.8 and 20.8% of the total pa.tients, respectively. amelioration of the toxicity becomes a high priority. 
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Table 3. Data from the Rotterdam Phase ZZ stuay [67] analysed 
using the prognostic factor model of Palmer and colleagues [66] 

Prognostic group I II III IV 

Number of patients 
Median survival (months) 

5 12 11 12 

-Predicted from model 28 17 10 5 
-Observed Not reached 14 28 13 

IL-2-associated toxicity is characterised by major alterations 
in the homeostasis of the cardiovascular system. These pertur- 
bations lead to the toxicity to a variety of vital organs [68-701. 
This cycle of events is initiated by changes both in circulating 
cells and endothelium [71]. 

Treatment with IL-2 induces the secondary production of a 
complex network of secondary cytokines. Among them are the 
pro-inflammatory cytokines IL-l, IL-6, IL-8 and TNF [72]. 
This results in the activation of circulating immune cells 
(granulocytes, lymphocytes and monocytes) and activation of 
the endothelium. Adhesion of activated immune cells to the 
endothelium and the consequent excessive local production of 
cytokines and other inflammatory products is thought to be of 
central importance for the pathogenesis of IL-2-induced toxicity. 

Both activated lymphocytes [73] and neutrophil granulocytes 
[74-761 have been implicated in the cellular damage to the 
endothelium. Activation of leucocytes stimulates them to prod- 
uce cytokines, proteolytic enzymes, oxygen radicals and nitric 
oxide, and the expression of a variety of adhesion molecules. In 
animal studies, the IL-2 induced sequestration of granulocytes 
in lung vasculature suggested that these cells play a pivotal role 
in the pathogenesis of IL-2-associated toxicity. 

IL-2 per se has no effect on endothelial cells, but secondary 
cytokines induced by IL-2 activate the endothelium. Their 
effects include the altered expression of adhesion molecules, 
the production of further cytokines, the generation of a pro- 
coagulant state and the production of vasoactive products. Both 
IL-l and TNF have been demonstrated to exert key roles in 
these processes [77, 781. 

Among the cytokines which are thought to be involved in IL- 
2-induced toxicity, TNF has received the most attention. IL-2 
stimulates the immediate production of TNF by a variety of cell 
types. Furthermore, agents which inhibit the production of 
TNF, such as corticosteroids and pentoxiphylline, have been 
shown to reduce IL-2 toxicity [79, SO]. Additionally, the inhi- 
bition of TNF activity by passive immunisation has also been 
demonstrated to reduce IL-2 toxicity [Sl]. Together, these 
findings emphasise the importance of secondary TNF generation 
for IL-2 toxicity. 

These initial changes in the integrity of the vascular endo- 
thelium lead to the subsequent activation of two major cascade 
systems, namely the complement system and the contact system 
of coagulation [82]. It has now been clearly demonstrated that 
activation of the complement system correlates with the severity 
of IL-2 toxicity [83], both in terms of hypotension 
(anaphylotoxins such as C3a & CSa) and the capillary leak 
syndrome (membrane attack complex can exacerbate endothelial 
cell damage). In addition, inhibition of complement activation 
by Cl-esterase inhibitor (own results) and inhibition of comp- 
lement activity by a recombinant human complement receptor 
[84] were effective in reducing IL-2 toxicity. Coagulation abnor- 
malities may also contribute to IL-2 toxicity by inducing the 

release of vasoactive molecules such as kallikrein. The induction 
of a procoagulant state can also cause problems with in-dwelling 
central venous catheters [SS]. 

Many, if not all, of the vasoactive substances produced as a 
consequence of IL-2 administration cause their alterations in 
vascular tone by the generation of nitric oxide (NO). It has been 
shown that human neutrophils and vascular smooth muscle cells 
contain the inducible form of the enzyme NO synthase, which is 
responsible for the sustained generation of large amounts of NO 
after stimulation by pro-inflammatory cytokines [86, 871. The 
intimate interaction of activated neutrophils with endothelium 
may result in a local accumulation of supra physiological amounts 
of NO which might further exacerbate endothelial damage. 
Treatment with IL-2 induces concentrations of NO metabolites 
which are similar to levels attained during septic shock [88, 891. 
In this condition the administration of NO synthase inhibitors 
has been proven to have a protective effect [90]. In addition, the 
finding that NG -methyl-L-arginine (an NO synthase inhibitor) 
inhibits TNF-induced hypotension [91, 921, suggests that it 
may also ameliorate IL-2-induced hypotension. 

In summary, the adhesion of activated neutrophil granulo- 
cytes to the endothelium and the local accumulation of inllam- 
matory mediators, notably proteases, complement and coagu- 
lation factors, oxygen and nitrogen radicals seem to be 
responsible for IL-2-induced toxicity. These data suggest a 
number of possible targets whereby IL-2-induced side-effects 
may be reduced. 

TOXICITY OF IL-2 THERAPY 
Recently, we have treated 6 patients with a combination of 

IL-2 (8 x lo6 IU/m2/day for 5 days by continuous infusion) 
plus IFN-~x~~ (5 x lo6 IU/m*/day for 5 days by i.m. injection) 
either with or without LAK cells. These patients illustrate the 
problems involved with intensive IL-2 therapy since all six 
patients had to have the IL-2 suspended because of toxicity. The 
reasons for stopping were: atrial flutter and cardiac ischaemia 
(l), hypotension and adult respiratory distress syndrome (l), 
oliguria and rising creatinine (4). One of the patients stopping 
therapy because of oliguria and rising serum creatinine is 
depicted in Figure 1. Of note is the fact that mean blood pressure 
fell by a maximum of 30% which represents WHO grade 3 
toxicity. Urine output is re-established rapidly after cessation of 
IL-2 but several days are required before the serum creatinine 
begins to fall. These changes occurred despite the use of 
dopamine at 5 kg/kg/mm and the use of plasma expanders. 

Between March 1987 and December 1993 more than 100 
patients have been entered into clinical trials with IL-2 in the 
Free University Hospital. Systematic blood sampling has been 
performed in these patients which has allowed the study of the 
pathogenesis of IL-2-induced toxicity. The results of these 
studies are s ummarised below. 

IL-24nduced production of secondary cytokines 
Following a bolus administration of IL-2, TNF, IL-6 and 

IL-8 are generated in this sequence with their peak values being 
at 2,3 and 4 h, respectively (Figure 2, [93]). These cytokines are 
responsible for activating both circulating cells and endothelium. 
Furthermore, IL-6 is the major cytokine involved in generating 
an acute phase response and also acts as an endogenous pyrogen. 
IL-S, also known as neutrophil activating peptide, is responsible 
for activating neuuophils. 
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Figure 1. Patient number 2 treated witb IL-2 + IFN from days 1-5. 
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Figure 2. IL-6, IL-8 aad TNF levels after a 15 mio infusion of 18 MIU/m* IL-2. 

IL-2-induced activation of polymorpkonuclear netcrropkifs 
We have shown that IL-2 stimulates the activation of polymor- 

phonuclear neutrophils [94]. This was monitored by measuring 
elastaselui-antitrypsin and lactoferrin concentrations in the cir- 
culation of IL-2-treated patients. Increasing the dose of IL-2 
resulted in higher levels of these markers of neutrophil acti- 
vation. These events occur early after the administration of 
IL-2, and emphasise the important role that neutrophils play in 
initiating endothelial damage during IL-2 therapy. 

IL-2-induced complement activation 
IL-2 has been clearly demonstrated to induce the activation 

of the complement system. The C3a circulatory levels were 
significantly correlated with tlhe degree of hypotension and with 
parameters of capillary leakage, such as weight gain and fall 
in serum albumin [94, 951. In addition, a pilot study has 
demonstrated that inhibition of complement activation by the 
use of Cl esterase inhibitor has some ameliorating effect on IL- 
2-induced toxicity [96, 971. 

ILd-induced activation of coagulation andfibrinolysis 
IL-2 therapy stimulates activation of the intrinsic pathway of 

coagulation [98, 991. Notably, the decrease of factor XII and 
prekallikrein, corrected for protein leakage, correlated signifi- 
cantly with parameters of vascular leakage, suggesting the 
involvement of this system in IL-2 toxicity. 

IL-2-induced vascular leakage 
The degree of capillary leakage can be evaluated indirectly by 

such parameters as weight gain and fall in serum albumin. These 

are, however, rather insensitive tools. Because of this, the 
changes in intra- and extracellular fluid volumes during IL-2 
therapy were evaluated using conductivity measurements [Ml]. 
In addition, the efficacies of two radio-isotope probes (67Gallium 
and 99”Tc-labelled red blood cells) in measuring pulmonary 
vascular leakage after cardiopulmonary bypass surgery have 
been assessed in this institute [loll. Both methods are being 
used to quantitate vascular leakage during IL-2 therapy, and 
should prove valuable tools for comparing the relative efficacies 
of the various planned interventional strategies. 

IL-2-induced NO synthesis 
IL-2 therapy has also been shown to induce an increase in 

the circulatory levels of the NO metabolites NOz- and N03- 
(unpublished results). Increasing the dose of IL-2 resulted in 
higher concentrations of NO metabolites in the blood. The 
increase in the concentration of NO metabolites correlated with 
the development of hypotension in these patients during the first 
24 h of therapy (Figure 3). 

Furthermore, over the whole 5-day treatment period, the 
concentration of NO metabolites increased parallel to the rise in 
C3a. Inhibition of IL-2-induced complement activation by the 
use of Ci-esterase inhibitor resulted in a reduced increase in NO 
metabolites. These data suggest that NO plays an important 
final common pathway role in generating IL-2-induced haemo- 
dynamic changes and also the capillary leak syndrome. NO 
activity is, therefore, an important target to modify in an attempt 
to reduce IL-2 toxicity. NO has also been shown to be an 
important mediator of the haemodynamic changes associated 
with septic shock syndrome. The intracellular effects of NO are 
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Figure 3. NO metabolites following a 15 min IL-2 infusion. 
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mediated via the generation of cyclic GMP by the enzyme 
guanylate cyclase. The activity of this enzyme can be inhibited 
by methylene blue. In a recent study it has been demonstrated 
that the haemodynamic changes associated with the septic 
shock syndrome could be attenuated by the administration of 
methylene blue [ 1021. 

In conclusion, the extensive data which have been generated 
over the last few years have provided a rational basis for 
conducting studies to determine whether it is possible to reduce 
the toxicity of IL-2 and other cytokines without diminishing 
their antitumour effects. As a spin-off, these studies may also 
point to interventions which could potentially improve the 
prognosis of patients with septic shock. We therefore believe 
this work to be of considerable importance. 
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INTRODUCTION prior to Phase I clinical trials. These protocols were adopted 
IN 1980, the Cancer Research Campaign (CRC) defined minimal soon afterwards by the European Organization for Research and 
toxicology requirements for the testing of novel anticancer drugs Treatment of Cancer (EORTC). Through experience of working 


