
Abstract. cG250 is an IgG1 kappa light-chain chimeric
monoclonal antibody that binds to a cell surface anti-
gen found on 95% of clear-cell renal cancer. A multi-
centre phase II study was performed to evaluate the
safety and efficacy of repeated doses of cG250.
Thirty-six patients with metastatic RCC were includ-
ed. All patients were nephrectomized for the primary
tumour. Twenty-one patients were pretreated (e.g. with
IL-2, IFN-αα). A weekly dose of 50 mg cG250 was given
by iv infusion for 12 weeks. Patients with SD or tumour
response (PR, CR) after 12 weeks of treatment could
receive additional treatment for 8 more weeks.
None of the 36 enrolled patients had any cG250 grade
III or IV toxicity. Only three patients had grade II tox-
icity possibly related to the study medication. ELISA
testing gave no evidence for relevant amounts of
HACA. Eleven patients presented with SD and ten
were eligible for extension treatment. After the end of
the study in the follow-up period, one patient demon-
strated a CR in week 38 and another patient with SD
showed a significant reduction of the overall tumour
load in week 44. Six additional patients with progres-
sive disease at study entry were stable for more than six
months after the treatment start.
The weekly schedule of iv cG250 in patients with
metastatic RCC was safe, very well tolerated and non-
immunogenic in a 12-week treatment regimen. cG250
showed anti-tumour activity.

Renal cell carcinoma (RCC), which accounts for 3%
of all adult malignancies, was estimated to cause 14 000
new cancer cases and 6 000 cancer deaths in Germany in
1999 and is the most lethal of the urologic cancers
(Arbeitsgemeinschaft Bevˆlkerungsbezogener Krebsre-
gister in Deutschland, 2002). Men are twice often afflict-
ed as women, most often in the 5th ñ7th decade of life.
Approximately a third of cases of RCC have metastatic
disease at presentation and up to 50% of those resected
for cure are expected to have relapse during the course of
the disease (De Kernion and Berry, 1980; Golimbu et al.,
1986; Dineen et al., 1988). To date radiation, chemo- and
hormonal therapy have not demonstrated sufficient anti-
tumour activity to prolong the survival with metastatic
disease. Due to less than satisfactory response to these
therapies, and to the indirect evidence that host immune
mechanisms play a major role in the natural history of
RCC, there is a continued exploration of immunotherapy
in this malignancy since the eighties (McCune, 1983;
Belldegrun et al., 1988; Bander, 1989; Graham, 1989; de
Riese et al., 1991; Heicapell and Ackerman, 1991). The
two principal cytokines available as non-investigational
agents for RCC therapy are interferon-α (IFN-α) and
interleukin-2 (IL-2). Estimate of complete (CR) or partial
remission (PR) are generally in the 5% to 10% and 15%
to 20% range, respectively, in larger series. Smaller series
with higher response rates appear difficult to reproduce
and probably related to case selection (Law et al., 1995;
Negrier et al., 1998; Negrier et al., 2000; Atzpodien et al.,
2001; Bukowski, 2001; Jonasch and Haluska, 2001;
Malaguarnera et al., 2001). However, such immunother-
apy protocols are limited by severe, mostly dose-depen-
dent side effects and are tolerated by only a selected
group of patients without significant co-morbidities
(Jonasch and Haluska, 2001; Malaguarnera et al., 2001;
Varga et al., 2001). In the last few years mAbs have
become a well-tolerated treatment option in an increas-
ing number of tumour cases (Weiner, 1999; Dillman,
2001).

The murine monoclonal antibody (mAb) G250, as
originally developed, has an IgG1 isotype. The antibody
recognizes an antigen present on more than 75% of renal
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cancers. Murine mAb G250 detects a cell-surface antigen
(MN or CA IX antigen) on renal cancer cells. In immuno-
histochemical assays on sections of fresh frozen tissues,
mAb G250 reacts with 95% of renal cancers of the clear-
cell type. Reactivity with renal cancers is homogeneous
(greater than 75% reactive cells) in 75% of renal cancers.
The reactivity of mAb G250 with normal human tissues
is restricted to the gastric epithelium, the biliary ducts in
the liver and astrocytes in brain and spinal cord
(Oosterwijk et al., 1986; Oosterwijk et al., 1993; van Dijk
et al., 1994; Oosterwijk and Debruyne, 1995; Oosterwijk
et al., 1995; Grabmair et al., 2002; Stadick et al., 2002).

As expected, development of human anti-mouse
immune response (HAMA) precludes repeated admin-
istration of the murine G250 in humans. To decrease
and/or prevent the development of an immune response,
a chimeric (mouse Fv with human Fc) antibody was con-
structed. Chimeric G250 mAb (cG250) is an IgG1 kappa
light chain, chimeric version of an original murine mono-
clonal antibody, G250 IgG1 (mAb G250), first described
by Oosterwijk et al. (1986). cG250 has been shown to be
equivalent to murine mAb G250 in competitive binding
assays and co-types with murine mAb G250 in binding
reactivities on human cancer cell lines.

A phase I dose-escalation study with weekly adminis-
trations over six weeks per cycle has shown that the
unconjugated (to 131I) antibody is safe at dose levels of 5,
10, 25, and 50 mg/m2. In this study, patients received up
to 10 cycles (unpublished data). Regarding the preclini-
cal results, cG250 can biolocalize efficiently in RCC. In
addition, it has been shown that cG250 can induce NK
cells to kill tumour cells in vitro by the ADCC mecha-
nism. In animals the murine G250 was effective in delay-
ing growth of established grafted renal tumours (van Dijk
et al., 1994). The aim of the study was to show that
cG250 has a good safety profile and induces possibly
objective response in patients with advanced RCC.

Material and Methods
The study was designed as a phase II, non-randomized,

open-label, single-arm, multicentre study. The statistical
trial design was based on a sequential enrollment of two
groups of patients with a maximum of 54 evaluable
patients enrolled. After the first cohort of 32 patients the
study was planned to continue with 22 additional patients
if at least three objective responses had been observed.
The study had to be stopped in the case of less than three
or if five (or more) objective responses were already seen.
The method of calculation was the Sequential Probability
Ratio Test modified according to Wald and Wolfowitz
(1948, 1950). The primary objectives were to evaluate the
safety of cG250 and to achieve a minimum of 15% over-
all response rate (CR+PR) in patients with advanced RCC
by treatment with 50 mg cG250 administered intra-
venously (iv) weekly for 12 weeks. The secondary objec-
tives were to determine the immunogenicity of cG250 by

measuring the human anti-chimeric antibody (HACA)
levels. Furthermore, to specify the biological activity of
patientsí peripheral mononuclear blood cells caused by
cG250 by evaluating the antibody-dependent cellular
cytotoxicity (ADCC). All patients were selected by in-
and/or exclusion criteria (Table 1) and received written
patient information, and they had to give written informed
consent prior to study entry. After re-evaluation in week
16 there was the possibility for extended treatment with
additional 8-week cG250 therapy. For continuation
patients needed to be objective responders or had to show
stable disease after initial progression.

The patientsí characteristics of the 32 evaluated
patients are listed in Table 2. The high incidence of pre-
treated patients (56.3%) is remarkable.

Results
Thirty-two of 36 enrolled patients were evaluable, four

discontinued within the first five weeks because of one
protocol violation at inclusion and three with disease pro-
gression. Because of tumour progression three additional
patients did not receive the planned 12 injections (7, 10,
11 injections). No dose reduction was necessary. The pri-
mary objective of more than 15% overall response was
not reached. Eleven patients presented with stable disease
(SD) in week 16 and were eligible for extended treatment.
Ten patients received extended treatment and eight out of
them still showed SD at week 24. A durable clinical bene-
fit for at least six months or more, which is considered as
clinically meaningful for this patient population, was
achieved in eight patients (25%). Six patients achieved
a stabilization of their disease lasting more than six
months. In addition, one patient achieved a CR, and
another patient experienced a 59% reduction of his target
lesions and a minor response when considering all
lesions. Both patients are free of progression for more
than one year (16+ and 18+ months, respectively). The
tumour regression in the CR patient occurred late, more
than six months after the start of treatment with cG250.
The mean time to progression for all patients was 27
weeks (range 4 to 70 weeks). As of February 2002, the
date of study end, five patients are still free of progression
(range 13+ to 18+ months) and 19 patients (59.4%) are
alive. The median survival reached 15+ months. All 36
patients received at least one injection of cG250, and were
assessed for safety. Thirty of 36 patients experienced
a total of 160 adverse events (AE). Two thirds of the AE
were mild to moderate. Ten patients (27.8%) had 33 grade
3 AE, and four patients (11.1%) had five grade 4 AE.
Only in seven patients the AE were assessed as possibly
and in one as probably related to cG250 medication. In
one patient (nausea grade 1) the relationship to study drug
was assessed as probable. This patient also experienced
two episodes of fatigue grade 1, which was assessed as
possibly related. The AE were observed four days after
the 1st injection (nausea and fatigue) and at the day of the
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9th application (fatigue). The severity of the AE was
always rated as mild or moderate (grade 1 or 2). All of the
possibly related AE resolved during the study period with
the exception of the gastritis of one patient. Also the prob-
ably related AE (nausea grade 1) resolved during the
observation period of the study (after one day). The AE
which were assessed as possibly or probably related to the
study drug were single observations and did not reoccur
after consecutive administrations in five patients. Thus, it
is very likely that these events were caused by the under-
lying disease. Neither allergic reactions nor the produc-
tion of clinically significant HACAs were observed.

There was no clinically significant development of the
laboratory parameters. Urine analysis did not reveal any
drug-related effects either.

Regarding the ADCC measurements, cG250 treat-
ment had no effect on the proportion or activity of NK
cells in patient peripheral blood. The level of cG250-
mediated ADCC was dependent on the individual
patient: 42% of the patients had moderate to high ADCC
whereas 33% showed no ADCC at all. There was no
clear correlation between the proportion of NK cells
and the level of cG250-mediated ADCC. No correlation
of levels of NK cell-related cytolytic activities and
cG250 treatment results could be observed.

Discussion

Overall, the treatment with cG250 was very safe with-
out any significant side effects. Six patients achieved
a durable stabilization of their progressive disease for
more than six months. In addition, one patient achieved
a CR, and another patient experienced a minor response.
Adverse events which were assessed as possibly or prob-
ably related to the study drug were observed only in
seven out of 36 patients. Their severity was rated as mild
or moderate. Neither allergic reactions nor a clinically
significant production of HACAs were observed. The
antitumour effect of antibodies can be mediated through
different effector mechanisms. ADCC has been suggest-
ed in in vitro and in vivo studies as the main mechanism
for cG250, but in our trial no clear correlation between
the proportion of NK cells and the level of cG250-medi-
ated ADCC could be shown. Molecular studies have
shown significant polymorphism in the genes for differ-

Table 1. In- and exclusion criteria

Inclusion criteria
ï Stage IV clear-cell renal carcinoma
ï Nephrectomized for primary
ï Indicated disease progression at study entry if present
ï Bidimensionally measurable tumour with individual lesions under 5 cm and with at least one lesion > 1 cm in diameter
ï Karnofsky performance status > 70%
ï Life expectancy > 28 weeks
ï Laboratory values obtained < 14 days to registration
ï Negative HIV- and hepatitis test
ï Negative pregnancy test for women of child-bearing potential
ï Age > 18 years
ï Ability to provide written confirmed consent
Exclusion criteria
ï Known standard therapy for the patients disease that is potentially curative or definitely capable of expending life

expectancy
ï Any CNS metastases
ï Patients with bone metastases only
ï Any chemo-, immuno-, biologic or radiation therapy within 4 weeks prior the first dose of study agent
ï Pretreatment with any antibody therapy
ï Not fully recovered from effects of prior cancer therapy
ï Concurrent use of systemic corticoids or immunosuppressive agents
ï Cardiac disease with NYHA-classification III or IV
ï Patients who are pregnant
ï Any unrelated illness, eg active infection, or medical condition, which in the judgement of the investigator will 

significantly affect the patientsí clinical status

Table 2. Patient characteristics
ï Total number of patients 32

° Male 22
° Female 10

ï Mean age (range) 63.8 years (43-76 years)
ï Target lesions 95

° Lung 50 (52.6%)
° Liver 6 (6.3 %)
° Other locations (lymph

node, adrenal
gland, kidney, psoas
muscle, spleen) 38 (40%)

° Missing documentation 1 (1.1%)
ï Prior treatment 18 (56.25 %)

° Immunotherapy
■ IFN/vinblastin 7
■ IL-2/IFN/5-FU 5
■ IFN 3

° Dendritic-cell
vaccination/IL-2 1

° Vaccination 1
° Radiation 1

ï Documented disease
progression
at study entry 27 (84.4%)
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ent Fc receptors and they may have important functional
consequences. This could be the reason why no clear cor-
relation between the proportion of NK cells and the level
of cG250-mediated ADCC was observed (Vance et al.,
1993). Further investigation into the mechanism of
cG250 in RCC is currently ongoing. The good tolerabil-
ity of this treatment with cG250 together with the clini-
cal benefit in 25% of this hardly treatable group of
metastatic RCC patients warrant further investigation.
Especially patients with low tumour burden or patients
with a high risk for recurrence of RCC after curative
intent surgery may benefit from a cG250 treatment.
Therefore, a randomized two-arm adjuvant study with
cG250 versus observation is in preparation.

References
Association of demographic cancer-register in Germany

(2002) Cancer in Germany. Saarbr¸cken.
Atzpodien, J., Kirchner, H., Illiger, H. J., Metzner, B., Ukena,

D., Schott, H., Funke, P. J., Gramatzki, M., Jurgenson, S.,
Wandert, T., Patzelt, T., Reitz, M. (2001) IL-2 in combina-
tion with IFN-alpha and 5-FU versus tamoxifen in metasta-
tic renal cell carcinoma: long-term results of a controlled
randomized clinical trial. Br. J. Cancer 85, 1130-1136.

Bander, N. H. (1989) Monoclonal antibodies to renal cancer
antigens. Semin. Urol. 7, 264-270.

Belldegrun, A., Muul, L. M., Rosenberg, S. A. (1988)
Interleukin-2 expanded tumor-infiltrating lymphocytes in
human renal cancer: isolation, characterization, and anti-
tumor activity. Cancer Res. 48, 206-210.

Bukowski, R. M. (2001) Cytokine therapy for metastatic
renal cell carcinoma. Semin. Urol. Oncol. 19,148-154.

De Kernion, J. B., Berry, D. (1980) The diagnosis and treat-
ment of renal cell carcinoma. Cancer 45, 1947-56.

de Riese, W., Allhoff, E., Kirchner, H., Stief, C. G.,
Atzpodien, J., Maschek, H., Jonas, U. (1991) Complete
spontaneous regression in metastatic renal cell carcinoma
ñ an update and review. World J. Urol. 9, 184-191.

Dillman, R. O. (2001) Monoclonal antibodies in the treatment
of malignancy: basic concepts and recent developments.
Cancer Invest. 19, 833-841.

Dineen, M. K., Pastore, R. D., Emrich, L. J., Huben, R. P.
(1988) Results of surgical treatment of renal cell carcino-
ma with solitary metastasis. J. Urol. 140, 277-279.

Golimbu, M., Al-Askari, S., Tessler, A., Morales, P. (1986)
Aggressive treatment of metastatic renal cancer. J. Urol.
136, 805-807.

Grabmaier, K., de Weijert, M., Uemura, H., Schalken, J.,
Oosterwijk, E. (2002) Renal cell carcinoma-associated
G250 methylation and expression: in vivo and in vitro
studies. Urology 60, 357-362.

Graham, S. D. (1989) Immunotherapy of renal cell carcino-
ma. Semin. Urol. 7, 215-227.

Heicapell, R., Ackermann, R. (1991) Immunomodulation of
advanced/progressive renal cell carcinoma. Curr. Opin.
Urol. 1, 38-46.

Jonasch, E., Haluska, F. G. (2001) Interferon in oncological
practice: review of interferon biology, clinical applica-
tions, and toxicities. Oncologist 6, 34-55.

Law, T. M., Motzer, R. J., Mazumdar, M., Sell, K. W.,
Walther, P. J., OíConnell, M., Khan, A., Vlamis, V.,
Vogelzang, N. J., Bajorin, D. F. (1995) Phase III random-

ized trial of interleukin-2 with or without lymphokine-acti-
vated killer cells in the treatment of patients with advanced
renal cell carcinoma. Cancer 76, 824-832.

Malaguarnera, M., Ferlito, L., Gulizia, G., Di Fazio, I.,
Pistone, G. (2001) Use of interleukin-2 in advanced renal
carcinoma: meta-analysis and review of the literature. Eur.
J. Clin. Pharmacol. 57, 267-273.

McCune, C. S. ( 1983) Immunologic therapies of kidney car-
cinoma. Semin. Oncol. 104, 431-436.

Negrier, S., Escudier, B., Lasset, C., Douillard, J. Y., Savary, J.,
Chevreau, C., Ravaud, A., Mercatello, A., Peny, J.,
Mousseau, M., Philip, T., Tursz, T. (1998) Recombinant
human interleukin-2, recombinant human interferon alfa-2a,
or both in metastatic renal-cell carcinoma. Groupe Francais
díImmunotherapie. N. Engl. J. Med. 338, 1272-1278.

Negrier, S., Maral, J., Drevon, M., Vinke, J., Escudier, B.,
Philip, T. (2000) Long-term follow-up of patients with
metastatic renal cell carcinoma treated with intravenous
recombinant interleukin-2 in Europe. Cancer J. Sci. Am.
6 (suppl. 1), S93-S98.

Oosterwijk, E., Ruiter, D. J., Hoedemaeker, P. J., Pauwels, E.
K., Jonas, U., Zwartendijk, J., Warnaar, S. O. (1986)
Monoclonal antibody G250 recognizes a determinant pre-
sent in renal-cell carcinoma and absent from normal kid-
ney. Int. J. Cancer 38, 489-494.

Oosterwijk, E., Bander, N. H., Divgi, C. R., Welt, S., Wakka,
J. C., Finn, R. D., Carswell, E. A., Larson, S. M., Warnaar,
S. O., Fleuren, G. J. (1993) Antibody localization in
human renal cell carcinoma: a phase I study of monoclon-
al antibody G250. J. Clin. Oncol. 11, 738-750.

Oosterwijk, E., Debruyne, F. M. (1995) Radiolabeled mono-
clonal antibody G250 in renal-cell carcinoma. World J.
Urol. 13, 186-190.

Oosterwijk, E., Debruyne, F. M., Schalken, J. A. (1995) The
use of monoclonal antibody G250 in the therapy of renal-
cell carcinoma. Semin. Oncol. 22, 34-41.

Stadick, H., Stockmeyer, B., Kuhn, R., Schrott, K. M.,
Kalden, J. R., Glennie, M. J., van de Winkel, J. G.,
Gramatzki, M., Valerius, T., Elsasser, D. (2002) Epidermal
growth factor receptor and G250: useful target antigens for
antibody mediated cellular cytotoxicity against renal cell
carcinoma? J. Urol. 167, 707-712.

van Dijk, J., Uemura, H., Beniers, A. J., Peelen, W. P.,
Zegveld, S. T., Fleuren, G. J., Warnaar, S. O., Oosterwijk,
E. (1994) Therapeutic effects of monoclonal antibody
G250, interferons and tumor necrosis factor, in mice with
renal-cell carcinoma xenografts. Int. J. Cancer 56, 262-268.

Vance, B. A., Huizinga, T. W., Wardwell, K., Guyre, P. M.
(1993) Binding of monomeric human IgG defines an
expression polymorphism of Fc gamma RIII on large gran-
ular lymphocyte/natural killer cells. J. Immunol. 151,
6429-6439.

Varga, Z., Hegele, A., von Knobloch, R., Heidenreich, A.,
Hofmann, R. (2001) Combination of local and systemic
cytokine-therapy in metastatic renal cell carcinoma. Eur.
Urol. 39 (suppl. 5), 123 (482).

Wald, A., Wolfowitz, J. (1948) Optimum character of the
sequential probability ratio test. Ann. Math. Stat. 19, 326-
339.

Wald, A., Wolfowitz, J. (1950) Bayes solutions of sequential
decision problems. Ann. Math. Stat. 21, 82-99.

Weiner, L. M. (1999) Monoclonal antibody therapy of cancer.
Semin. Oncol. 26 (suppl. 14), 43-51.

cG250 Therapy in Advanced Renal Cell Carcinoma PatientsVol. 49 77


