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Will the dark sky over advanced renal cell carcinoma soon
become brighter?
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Abstract

Until recently, immunotherapy has been the most efficient treatment for advanced renal cell carcinoma, but clinical results are
largely unsatisfactory. More promising agents are being developed as a result of an improved understanding of the biology of the
disease. Several agents that target known biological abnormalities of the disease are now being tested in the clinic. This review
describes the encouraging clinical results obtained to date with these new drugs or combinations of drugs.
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1. Introduction

Kidney tumours account for about 3% of adult
malignancies and about 80% of those consist of renal
cell carcinoma (RCC) originating from the proximal tu-
bule cells. Most cases occur in patients aged 60 years or
more, but the disease has been observed in children as
young as 6 months, with a male to female ratio of 6:1
[1]. Kidney cancer is mostly sporadic, but it can be
hereditary. Until the early 1990s, its incidence had been
increasing throughout Europe and the United States of
America (USA) for about 60 years. In the European Un-
ion (EU), mortality from kidney cancer has declined re-
cently, with a 10% decrease for both sexes. The reasons
for these changes are unclear [2].

According to the data from the Surveillance, Epidemi-
ology and End Results Registry (http://www.seer.
cancer.gov), RCC is localised in 54% of patients, region-
ally advanced in 21% and distant in 25%, with corre-
sponding S-year survival rates of 89%, 61% and 9%,
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respectively. Despite the important stage-related risk of
tumour recurrence, until now no effective adjuvant treat-
ment after surgery has been established. Various adju-
vant protocols (radiotherapy, interferon-o (IFN-a) and
interleukin 2 (IL-2)) have failed to improve progres-
sion-free survival (PFS) and/or overall survival (OS)
after nephrectomy. Recently, a trial including 558 pa-
tients with RCC, of whom only 379 were assessable,
showed a reduction of the risk of tumour progression
after nephrectomy using an adjuvant, individually
prepared, autologous renal tumour cell vaccine [3].
Five-year PFS was statistically longer in the subgroup
of patients with T3 tumours treated with the vaccine
compared with the control group. OS was not assessed.
Until now, however, the standard management for local-
ised tumours after nephrectomy remains surveillance.
Twenty to 50% of patients will eventually develop
metastatic disease after nephrectomy. A shorter interval
between nephrectomy and the development of metasta-
ses is associated with a poorer prognosis. The median
survival time of patients with metastatic RCC is only
6-12 months, and the 2-year survival rate 10-20%.
The clinical management of patients with metastatic
RCC is complicated by the low efficacy of available
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therapies. Neither single chemotherapeutic agents nor
combinations of agents produce a significant clinical
response.

Immune therapy with IL-2 or IFN-a achieves re-
sponses in 10-20% of patients, with durable responses
occurring in a subset of patients [4]. IL-2 alone remains
the only approved agent for the treatment of advanced
kidney cancer in the USA, while in Europe IFN-a also
is approved as a standard treatment, alone or in combi-
nation, on the basis of two randomised trials showing a
survival benefit [5,6]. Both treatments are highly toxic,
and the benefit of treatment must be weighed against
the drugs’ toxic effects. Another immunotherapeutic ap-
proach, allogeneic stem cell transplantation after non-
myeloablative chemotherapy, has been reported to
achieve complete and partial responses in metastatic
RCC as a graft versus tumour effect [7,8]. This treatment
is feasible, but responses are obtained at the cost of con-
siderable toxicity. Moreover, the need for a compatible
donor, and treatment-related morbidity and mortality
are limitations of this approach.

The antigens eliciting an immune response are un-
known. Immunological abnormalities are frequently de-
tected in patients with kidney cancer. Reliable predictive
markers of a patient’s probability to respond to immune
therapy are currently unavailable. New therapeutic ap-
proaches other than immunotherapy and chemotherapy
are therefore urgently needed. Progress in the treatment
of kidney cancer will come from new strategies devel-
oped to target cell growth, proliferation and angiogene-
sis pathways. Even though progress has recently been
made in understanding and modifying biological path-
ways involved in neoplastic development, much remains
to be done.

There is no stepwise progression model of kidney
cancer as there is for colon cancer, for example. This
may be due in part to the inaccessibility of the kidney
to screening and, consequently, to late stage tumour
detection. Major advances in our understanding of the
biology of RCC during the past decade were made pos-
sible primarily by the identification and cloning of
tumour suppressor genes and oncogenes responsible
for hereditary renal carcinoma syndromes. Six clinically
distinct types of inherited kidney cancer have been iden-
tified: von Hippel-Lindau disease, hereditary papillary
renal  carcinoma, familial renal oncocytoma/
Birt-Hogg—Dube syndrome, hereditary leiomyomatosis
RCC, familial renal carcinoma, and renal carci-
noma associated with a constitutional chromosome 3
translocation [9].

Von Hippel-Lindau (VHL) disease, an autosomal
dominant syndrome in which kidney cancer arises from
multiple benign renal cysts, is the best characterised en-
tity. It occurs in 1 of every 36,000 live births, and kidney
cancer occurs in 28-45% of VHL-affected individuals. It
is now clear that the VHL gene, which has a key role in

regulation of angiogenesis, is inactivated (by mutation
or hypermethylation) in 70% of sporadic cases of kidney
cancer.

Besides the VHL gene, germ line mutations of the c-
met proto-oncogene also are responsible for a genetic
predisposition to certain papillary renal tumours.
Although some information is known about the c-met
signalling pathway, the critical elements leading to tis-
sue-specific tumourigenesis are not known. The role of
the tissue microenvironment (extracellular matrix,
angiogenic molecules, growth factors and proteases) in
tumour development remains under-explored.

This article reviews promising new agents, that are
being developed in the clinic, and that are directed at
the pathophysiological abnormalities of the disease.

2. Angiogenic and anti-angiogenic factors
2.1. Angiogenic pathways

The high prevalence of the VHL mutation, a key reg-
ulator of angiogenesis, and the high vascularity in RCC
renders the study of angiogenesis inhibitors particularly
relevant. The earliest developed new agents are inhibi-
tors of vascular endothelial growth factor (VEGF) or
its receptor. VEGF is a fundamental regulator of nor-
mal and abnormal angiogenesis [10-12]. It is a homodi-
meric glycoprotein that exists in at least 5 isoforms
(VEGF A-E). VEGF-A predominates and is more po-
tent than other isoforms as an endothelial growth factor.
There are at least three receptors for VEGF, all with
tyrosine kinase activity. Vascular endothelial growth
factor receptor (VEGFR)-1 (or Flt-1) and VEGFR-2
(or Flk-1/KDR) are the two high affinity receptors.
The importance of VEGFR-3 (or Flt-4) is less clear.
Receptors for VEGF are expressed almost exclusively
on endothelial cells and on some haematopoietic ones
[13,14]. VEGF-A and VEGFR-2 are essential to embry-
onic vasculogenesis, as demonstrated by gene inactiva-
tion studies. VEGF knockout mice die in utero from
defective vasculogenesis, for example. VEGF is under
the control of the hypoxia-inducible factor (HIF), a la-
bile transcription factor. Under hypoxic conditions,
HIF activates the transcription of VEGF, platelet-de-
rived growth factor-p (PDGF-p), transforming growth
factor-o (TGF-a) and erythropoietin (EPO). The main
regulator of HIF is the VHL gene product (pVHL).
When oxygen is available, HIF is hydroxylated and
pVHL binds to it. Once bound, pVHL attaches a poly-
ubiquitin chain to HIF, which marks HIF for destruc-
tion. For these reasons, pVHL-defective tumours
overproduce HIF and the product of the genes targeted
by HIF. In von Hippel-Lindau disease, an inactivated
copy of the pVHL is inherited. Inactivation of the
remaining allele provokes the loss of an HIF inhibitor
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and is linked to the development of tumours with multi-
ple blood vessels (haemangioblastoma) in the central
nervous system and retina and to the development of
RCC. In 70% of sporadic RCC, pVHL is deficient and
consequently involved in the carcinogenesis.

In pre-clinical models, the neutralisation of VEGF
hindered the growth of various tumour cells by inhibit-
ing angiogenesis, which resulted in a decrease in tumour
blood flow and microvessel density [15,16].

2.2. Angiogenesis inhibitors (see also Tables 1 and 2)

2.2.1. Bevacizumab

One of the most developed clinical agents against
VEGF or its receptor is a monoclonal antibody neutral-
ising VEGF, bevacizumab (Avastin™). In a double-
blind phase II trial, 116 patients with metastatic RCC
were randomised to placebo (7 =40), to 3 mg/kg
(n=37) or to 10 mg/kg (r = 39) bevacizumab [17]. Time
to progression (TTP) was significantly longer in the
high-dose antibody group when compared with the pla-
cebo group (4.8 versus 2.5 months; P <0.001). The dif-
ference in TTP in the low-dose antibody group when
compared with the placebo was smaller and less signifi-
cant (3 versus 2.5 months; P = 0.041). There was no dif-
ference in OS between groups, at least in part due to the
allowed crossover from placebo to antibody treatment
at time of disease progression. The only four partial re-
sponses (PR) obtained were observed in the 10 mg/kg
bevacizumab group. Two patients who received therapy
for the complete duration of the 2-year study responded,
but stopped therapy at the end of the study. When they
progressed again while off therapy, treatment was re-
sumed with bevacizumab, and both responded a second
time. The significant effect on TTP and the low response
rate observed suggest mainly a cytostatic effect of the
drug. Minimal toxicity was observed, mainly in the form
of hypertension and asymptomatic proteinuria. A ran-
domised phase III is now ongoing and it compares
IFN-a to the association of IFN-o and bevacizumab
(10 mg/kg) as first-line therapy in advanced RCC. The
primary endpoint is OS.

Better results have been obtained by combining
VEGF and EGFR inhibition. The combination of bev-
acizumab (10 mg/kg every 2 weeks) and erlotinib (150
mg daily) was evaluated in advanced RCC in a phase
IT trial [18], the results of which were presented at the
2004 ASCO meeting. Of the 62 patients included in this
trial, 57 received at least 8 weeks of treatment and were
evaluable for response. Twelve (21%) patients experi-
enced PR and 38 (66%) had stable disease (SD). Among
the latter group, 12 showed a minor response. PFS was
67% at 6 months and 50% at 1 year, with an OS of 81%
at 1 year. Toxicity was mostly grade I/II, consisting of
rash, diarrhoea, nausea and vomiting. Two patients
stopped treatment due to toxicity (rash). The activity

of combining VEGF and EGFR inhibition appears
superior to the activity of either agent used alone. This
synergy can be explained by complementary targeting
of two different mechanisms involved in cancer growth:
tumour cell proliferation and angiogenesis.

2.2.2. SU011248

Another target for anti-angiogenic therapy is the
VEGF receptor. SU011248 is an orally available tyro-
sine kinase inhibitor that is active against receptors for
VEGF, PDGF and against KIT and FLT3. SU011248
showed promising anti-tumour activity in several tu-
mour types in phase I studies.

In a phase II trial, 63 patients with immune-pre-trea-
ted metastatic RCC received repeated cycles of
SU011248 orally at 50 mg/day for 4 weeks followed by
a 2-week rest period [19]. Results were reported at the
2004 ASCO meeting. Twenty-one (33%) patients experi-
enced a PR and 23 (37%) had SD. Toxicity consisted
mostly of asthenia, nausea, diarrhoea and stomatitis
and was usually grade I/II. Thirty percent of patients
experienced grade III lymphopaenia. Median duration
of therapy was 9 months with a median TTP of 8.3
months. This promising agent is now being tested in a
randomised phase III trial comparing SU011248 with
IFN-o.

2.2.3. Thalidomide

Thalidomide is a drug with anti-angiogenic proper-
ties. Initially developed as a sedative, it produced terato-
genic effects in pregnancy, which were attributed to the
inhibition of blood vessel growth in the developing foe-
tal limb bud. The exact mechanism by which it inhibits
endothelial function is not fully understood although it
is known to reduce the expression of angiogenic factors
such as VEGF, basic fibroblast growth factor (bFGF),
tumour necrosis factor-oo (TNFa), and interleukin-6
(IL-6) [20]. In humans, these anti-angiogenic properties
may be mediated by a metabolite rather than by thalid-
omide itself. The drug also modifies cell adhesion mole-
cule expression [21] and promotes T-helper cell response
switch from Thl to Th2 [22]. Several studies have shown
anti-tumour activity in myeloma, with a dose-limiting
neurological toxicity [23].

Phase II studies of thalidomide as a single agent in
patients with metastatic RCC refractory to cytokine
therapy have shown limited results with respect to re-
sponse and stable disease [24-29]. There is no clear
dose-response relationship. The limiting toxicities were
lethargy, constipation and peripheral neuropathy
(the latter being seen only after prolonged therapy)
(see Table 1).

Thalidomide has also been studied in combination
with TFN-a. In one study of metastatic RCC, thalido-
mide (from 100-400 mg/d) was combined with high dose
IFN-a (9 MIU, 3 times per week). Five of 13 patients
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Table 1

Thalidomide phase II studies in advanced RCC

Reference Thalidomide Number of PR SD Toxicity

daily dose evaluable
(mg) patients
Eisen et al. [24] 100 18 3 (17%) 3 (17%) -
Stebbing et al. [25] 100-600 22 2 (9%) 12 (54%) Lethargy
Of note: 7 for =6 months Constipation

Neurotoxicity

Minor et al. [26] 400-1200 24 1 (4%) 3 (12%) Lethargy
Constipation

Escudier et al. [27] 400-1200 40 2 (5%) 9 (22%) for 6 months Lethargy
Constipation
Neuropathy (EMG):
70% at 6 months
100% at 1 year
Venous thrombo-embolism

Motzer et al. [28] 200-800 25 - 16 (64%) Neurotoxicity

Of note: 3 for >16 months Dyspnoea

Daliani et al. [29] 200-1200 19 2 (10%) 9 (47%) Constipation
Somnolence
Fatigue

Peripheral neuropathy after prolonged therapy

RCC, renal cell carcinoma; EMG, electromyography; SD, stable disease; PR, partial response.

(39%) experienced serious adverse events. These in-
cluded 4 severe neurological toxicities, after which the
study was stopped [30]. In a study combining lower
doses of IFN-a (0.9 MIU 3 times daily initially and
1.2 MIU after 1 month) and thalidomide (from 100
300 mg/d), toxicity was much milder. Among 27 evalu-
able patients, 6 (22%) PR and 17 (63%) SD for 3 months
or longer were observed [31]. An Eastern Cooperative
Oncology Group (ECOG) randomised phase III study
compared the combination of high-dose thalidomide
(dose escalation from 200 to 1000 mg/d) and low-dose
IFN-o (1 MIU bid) (I +T) with IFN-a alone (I) in
353 previously untreated patients with advanced RCC.
There was no difference in response rates and OS be-
tween the groups. PFS was 1 month longer in the
I+ T arm than in the I arm (3.8 versus 2.8 months,
P =0.04) [32]. In a phase I/II study, the combination

Table 2

of thalidomide (200-600 mg/d) and IL-2 (7 mIU on days
1-5 for 4 weeks of a 6-week cycle) was tested in 15 pa-
tients with advanced RCC. After 12 weeks of therapy,
1 (7%) complete response (CR), 5 (33%) PR and 2
(13%) SD were observed [33]. A phase III trial of 1L.-2
with or without thalidomide is now being planned.
Other combinations with thalidomide have also been
tested. Thalidomide with chemotherapy consisting of
gemcitabine and prolonged continuous 5-fluorouracil
(5-FU) was shown to be too toxic, with 9 out of 21 pa-
tients (43%) experiencing venous thromboembolism
[34]. Another study combining thalidomide, IFN-o
and capecitabine produced a high rate of hand-foot syn-
drome and a 15% rate of deep vein thrombosis [35].
All these studies suggest a suboptimal benefit versus
risk ratio for thalidomide as a single agent in RCC. Effi-
cacy in combination with IFN-a also seems limited. The

Clinical results of new drugs in RCC (phase II trials except for thalidomide + IFN-o: phase III trial)

Agent (targets) RR PFS (months)
Bevacizumab (VEGF) [17] 10% PR Median: 4.8 (versus 2.5 for placebo)
SU 011248 (VEGFR, PDGFR) [19] 33% PR Median: 8.3
Thalidomide (several pathways) [35] 7% PR Median: 4.6
AE-941 240 ml/day (several pathways) [36] 14% PR NA
Median survival: 16.3
Bay 43-9006 (VEGFR, Raf kinase) [43] 35% PR PFS at 6 months: 50%
CCI-779 (mTOR) [44] 7% CR + PR Median: 5.8
Bevacizumab (VEGF) + erlotinib (EGFR) [18] 21% PR PFS at 6 months: 67%
Thalidomide + IFN-a. [32] 6.5% CR + PR Median: 3.8

RCC, renal cell carcinoma; SD, stable disease; CR, complete response; PR, partial response; IFN-a, interferon-o; PFS, progression-free survival;
NA, not applicable; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor; mTOR, mammalian target of

rapamycin; PDGFR, platelet-derived growth factor receptor.
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results from other combination phase III trials are being
awaited to better define thalidomide’s role in RCC. Ana-
logues of thalidomide with a better therapeutic index are
currently in development.

2.2.4. AE-941

AE-941 (Neovastat™) was developed based on the
observation that shark cartilage may contain biologi-
cally active inhibitors of angiogenesis. At the molecular
level, AE-941 has various potential mechanisms of ac-
tion: modulation of matrix proteases; inhibition of
VEGTF binding to its receptor; induction of endothelial
cell apoptosis; and stimulation of angiostatin produc-
tion. In pre-clinical models, AE-941 has shown anti-
tumour activity.

Clinical data with AE-941 in RCC are as follows: in a
phase II trial, 22 patients with refractory RCC received
either 60 ml/d (n = 8) or 240 ml/d (n = 14) of oral AE-
941 [36]. Two PR were observed at the 240-ml dose level.
Survival was significantly longer in patients treated with
240 ml/d than in those receiving 60 ml/d (16.3 versus 7.1
months; P =0.01). The results of a phase III trial con-
ducted in more than 300 patients with metastatic RCC
are pending [37].

3. Growth factor receptor inhibitors

Epidermal growth factor (EGF) expression is com-
mon in RCC, and the poor prognosis of these patients
has prompted the study of a number of strategies to
block or downregulate this pathway. These include
monoclonal antibodies directed against epidermal
growth factor receptor (EGFR) and tyrosine kinase
inhibitors (TKI).

Among monoclonal antibodies, C225 (Cetuximab™)
showed interesting pre-clinical activity in VHL-positive
RCC cell lines [38]. However, no objective response
was observed in a phase Il study involving 55 patients
with metastatic RCC [39].

Low activity has been observed with ABX-EGF, a
fully human anti-EGFR monoclonal antibody, in 88
previously treated patients with metastatic RCC [40].
In this study, 4 dose levels (1, 1.5, 2 or 2.5 mg/kg) were
tested. Ninety-one percent of the analysed tumours
stained positively (2+ or 3+) by immunochemistry for
EGFR in at least 10% of the cells. Three (3.4%) objec-
tive responses (1 CR and 2 PR) and 2 minor responses
were observed, and 44 (50%) patients had stable disease.
Patients with non-clear cell histology seemed to have a
better overall outcome than those with clear cell
histology.

Among TKI, pre-clinical activity was observed in
RCC lines and in a xenograft model with ZD1839
(Iressa™), a TKI of the EGFR [41], but neither objec-
tive responses nor improvement in TTP were observed

in a phase II study that included 18 patients with
RCC [42]. Erlotinib (Tarceva™), another TKI of
EGFR, has shown a probable synergistic effect in com-
bination with bevacizumab in a phase II trial with a 21%
PR rate (see above). These results emphasise the poten-
tial of combining inhibitors of various pathways.

4. Signal transduction inhibitors (see also Table 2)

Many transduction inhibitors that downregulate cell
growth pathways have been developed in the clinic,
and some suggest interesting clinical activity in RCC.

4.1. BAY 43-9006

So far, more than 20 agents that target the RAS/RAF
pathway have been tested. One of these is BAY 43-9006,
which inhibits the Raf kinase involved in the down-
stream signalling of the RAS pathway, as well as plate-
let-derived growth factor receptor (PDGFR)-b,
VEGFR-2 and FLT3.

In a phase II study, 203 patients with advanced RCC
were included [43]. The study consisted of a 12-week
induction phase, during which patients received oral
BAY 43-9006 400 mg bid, followed by a randomisation
phase. Patients with progressive disease (PD) at re-
evaluation (target lesion >25%) were discontinued from
the study. Responding patients (target lesion <25%)
continued BAY 43-9006 in an open label phase until
PD or toxicity. Patients with SD (target lesion within
25% of baseline) were randomised to receive BAY 43-
9006 or placebo. At the time of the 2004 ASCO meeting,
106 patients had been assessed at 12-weeks. Thirty-
seven (35%) of the patients were responders continuing
on open label BAY43-9006 who had a median PFS of
48 weeks; 38 (36%) patients with SD were randomised
to BAY 43-9006 or placebo. Half of the BAY 43-9006
randomised patients had rapidly progressing disease.
This randomisation design provides a rapid way to screen
for disease stabilising activity resulting from the natural
evolution of the disease or from the drug. Side-effects
were mostly cutaneous, with hand-foot syndrome being
the most frequent grade I1I toxicity, as well as fatigue, an-
orexia and stomatitis. Only 5% of patients experienced
dose reduction due to toxicity. Because of these very good
clinical results, a randomised phase I1I study comparing
BAY43-9006 with placebo is ongoing and will evaluate
the potential for this drug to improve survival in
patients for whom first-line immunotherapy failed.

4.2. CCI-779
The mammalian target of rapamycin (mTOR) is a

serine/threonine kinase, a member of the phosphati-
dylinositol 3-kinase (PI3-K), which plays a pivotal
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regulatory role in multiple cellular functions, such as
the transduction of proliferative signals by growth fac-
tors and the response of cells to nutrients. Rapamycin,
an inhibitor of mTOR, has been known for years to
have immunosuppressive, antifungal and antiprolifera-
tive effects. Among rapamycin-like drugs, CCI-779, an
ester of rapamycin, has been selected for clinical
development.

In a phase II trial, 111 patients with immunotherapy
refractory advanced RCC were randomised to receive
25, 75 or 250 mg CCI-779 weekly [44]. The objective re-
sponse rate was 7%: one patient at the 250-mg dose level
had a CR, 7 patients had PR (2 at the 25-mg, 3 at the 75-
mg and 2 at the 250-mg dose level). An additional 29
(26%) patients had minor response (MR). For the total
population, 51% had CR, PR, MR or SD for 24 weeks
or more. Median TTP was 5.8 months, and median sur-
vival was 15 months. The most frequent side-effects were
cutaneous rash, mucositis, asthenia and nausea. Neither
toxicity nor efficacy was significantly influenced by CCI-
779 dose level.

In a phase I dose-escalating study combining weekly
CCI-779 with IFN- o given subcutaneously 3 times
weekly, 71 patients with RCC were enrolled [45]. The
maximum tolerated dose was selected as 15 mg CCI-
779 and 6MU IFN-o. Preliminary tumour responses
were assessed in 55 patients. Seven (13%) patients pre-
sented PR, and 39 (71%) had SD. Based on these
encouraging results, a phase III trial comparing the
combination of CCI-779 and IFN-a to each agent alone
has been initiated.

5. Proteasome inhibitor

The ubiquitin-proteasome pathway is an essential
pathway for intracellular protein degradation. Many
regulatory proteins undergo ubiquitin-dependent prote-
olysis. Additionally, the ubiquitin-proteasome pathway
plays an important role in tumour growth and metasta-
sis. Proteasome inhibitors trigger apoptosis as a result of
effects on several pathways, including cell cycle regula-
tion, p53 and nuclear factor kB.

PS-341, a reversible proteasome inhibitor, has shown
promising clinical activity in a variety of tumours and is
registered for use in myeloma. It was tested in a phase 11
trial including 23 patients with metastatic RCC [46].
Among the 21 assessable patients, 1 (5%) experienced
a PR and 6 (28%) had SD. Grade III and IV toxicity in-
cluded mostly haematotoxicity, gastrointestinal toxicity
and neurotoxicity. In a preliminary report of another
phase II trial including 32 patients with metastatic
RCC, 3 patients (9%) presented a PR and median TTP
was 1.4 months [47]. This quite modest clinical activity
did not encourage further evaluation of PS-341 in this
disease.

6. Conclusion

New stars have begun to appear in the dark sky of
advanced RCC treatment. Innovative therapies are
being developed with biological agents targeting cell
growth and proliferation pathways. The most promising
drugs include, at present, bevacizumab, SU11248, BAY
43-9006 and CCI-779. Some with low activity as a single
agent, such as erlotinib, appear promising in combina-
tion. Others are under evaluation.

Accurate understanding of the biological pathways
modified by these drugs and of the mechanisms of resis-
tance is needed. Translational research during phase I/11
drug development is therefore essential. Simultaneously,
the endpoints of trials should be adapted to the new bio-
logical drugs that sometimes stabilise tumour growth for
a long period of time while producing low rates of objec-
tive tumour responses.

The development of synergistic or additive combina-
tions of drugs from various classes, rationally based on
mechanisms of action, will eventually allow for further
improvement in tumour growth control. Much more re-
mains to be elucidated, however. For instance, the re-
cent evidence that microvascular endothelial cells
within B-cell lymphomas express markers of the neo-
plasm demonstrates that the tumour microenvironment
is more complex and unpredictable than initially
thought [48].

Further progress in kidney cancer therapy, based on
the selection of the right drug at the right time for indi-
vidual patients, will depend on the availability of predic-
tive factors of response or of resistance to each drug or
combination of drugs. High throughput techniques such
as microarray gene profiling and proteomics are new
powerful tools that may help developing multimarker
models for treatment individualisation.
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