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INTRODUCTION:

Interferon (IFN) gamma is a potent immunomodulatory agent with

a wide range of biological properties (1). It enhances the

functional activity of various immune effector cells• In

addition, IFN gamma regulates the interaction of MHC restricted

cytotoxic T cells with nonhemopoetic cells by inducing the

synthesis of HLA products (2). Thus this compound might be

an excellent candidate for modifying the hosts' immune response

to malignant disease.

There is some evidence suggesting that immune mechanisms are

critical for the control of renal cell cancer. First, spontaneous

remissions are infrequently seen after tumor nephrectomy in

patients with metastasizing RCC (3). Second, in almost all studies

using biological response modifiers for treatment of advanced

renal cell cancer tumor regressions were observed in some

patients (4,5,6,13).

Most studies using biological response modifiers for treatment

of advanced cancer applied the maximum tolerated dose assuming

that this dose should be the optimum antiproliferative dose.
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TABLE 1

n Age Sex Karnovsky TNM Metastases Response
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m
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70
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100
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90

90

100

90
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90

70

90

90

100
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T4N2M1
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T4N4M1

T4N1M1

T2NOM1

T4NOH1

T3N2M1

T3NXM1

T3NOM1

T4NXM1

T4NXM1

T2NXM1

T3HOM1

T3NOH1

T3N2M1

liver, local

liver, lung

lung

lymph node, lung

lung

lung

lung

lung

liver

lung , CMS

lung, lymph node

lung

bone

lung , liver

lung, bone

lung

MR

PRO

SO

PR

n.e.*)

SD

CR

PRO

PRO

PRO

PRO

CR

n.e.*)

PRO

PRO

PR

Table 1. Patients characteristics and clinical response after 12 months.

However, there is increasing evidence from experimental animal

studies and clinical trials that the maximum tolerable dose

does not represent the optimum immunomodulatory dose (7,8,9).

Thus, if immunomodulation is one of the critical mechanisms of

action for antitumor activity, new strategies are required for

identification and definition of biologically and clinically

effective doses of cytokines for cancer treatment.
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MATERIAL AND METHODS!

The study reported was performed according to the Declaration

of Helsinki. The protocols were approved by the local Ethics

committee. All patients had given their written informed consent

prior to start of treatment.

16 patients suffering from progressive metastasizing renal cell

carcinoma were treated with 10, 100 and 500 ng recombinant

interferon gamma. Fourteen of the patients were male and 2 female.

Their ages ranged from 41 to 75 years (median 59). Major mani-

festation of the disease were lung, bone and liver metastases.

The clinical characteristics of the patients are summarized

in table 1 (Pat 1-16).

Recombinant IFN gamma, originally produced by Genentech Inc.,

with a specific activity of 2x10 E7 I.U./mg protein was obtained

from Boehringer Ingelheim International (Ingelheim, FRG). Some

of the data were reported in detail previously (13,14,15).

TREATMENT PROTOCOL

Treatment consisted of two consecutive phases. During an initial

dose finding phase three different doses of r-IFN gamma

(10, 100, 500 ng)were administered subcutaneously (B.C.). Each dose

was administered 3-times to the same individual. The sequence

of the dose levels was randomly assigned. In order to prevent

carry over effects a therapy -free interval of 2 weeks was

introduced between each dose level.

Blood was drawn 1 hour before and 4, 12, 24, 48, 72, 96, 120

and 167 hours after the IFN-gamma injections.
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EVALUATION OF TUMOR RESPONSE AND DRUG-INDUCED SIDE EFFECTS:

Tumor response and severity of side effects were defined accor-

ding to WHO criteria (10) . Quantitative changes of tumor size

were assessed at least every four weeks by clinical examination,

abdominal sonography, chest x-ray studies and CT scanning. All

patients were assessed by more than one method of evaluation.

LABORATORY INVESTIGATIONS:

Differential blood counts were performed using established

standard methods. Briefly, cell counts were assessed with a

coulter counter and differential blood counts were performed

on Giemsa stained blood smears by counting a minimum of 200

cells.

Numbers of leukocyte subsets in the periphery were determined

by staining cytocentrifuge preparations of Ficoll separated

peripheral blood mononuclear cells with an indirect immune-

peroxidase method using Leu3, Leu2a, Leul, Leu?.

Anti HLA DR (Beckton Dickinson Inc., USA) as primary antibodies.

Serum levels of TNF alpha were determined by commercially

available immunoradiometric assays (IRMA) (Medgenix Brusseles,

Belgium). The lower limit of detection using these tests is

> 5 pg/ml for TNF alpha and> 0.2 U/ml (NIH standard) for IFN

gamma. Neopterin serum levels were determined by a commercially

available radioimmunoassay (Henning Inc., Berlin FRG).

STATISTICS:

Statistical significance of the differences before and after
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application of the cytokines were analyzed by means of the

confidence limits of the mean difference (13) or by Wilcoxon

matched-pairs signed-rank test and Mann- Whitney'a u test using

a commercially available statistical software package

(SPSS Inc, Chicago, USA).

RESULTS!

CLINICAL RESPONSE:

Two of the 16 patients enrolled did not complete the dose finding

phase and were therefore excluded from response evaluation:

patient no. 5 experienced rapid disease progression during the

first three weeks of therapy and patient no. 13 refused further

treatment after six weeks due to severe constitutional symptoms

following administration of 500 (ig of IFN-gamma.

14 patients completed the dose finding phase and entered the

phase II efficacy trial receiving r-IFN-gamma 100 ng s.c. once

weekly. During a median time of treatment of ten months

(range, 2-32 months) complete or partial responses were ob-

served in 4 of 14 evaluable patients. In all 4 responses were

seen within three months of initiating IFN-gamma. All 4 complete

and partial responses were seen in patients with lung meta-

stases (table 1).

SIDE EFFECTS:

During the dose-finding phase fever, fatigue and chills were the

most frequent side effects. Both frequency and severity of these

symptoms were clearly dose-dependent. Grade 2 toxicity (WHO-

grading) was observed in twelve of 14 cases during treatment
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STUDY DESIGN
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Figure 1. Study design
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Figure 2. Dose depending of the increase of
TNF release after treatment with IFN-y. Delta
values are calculated from pretreatment and peak values. Bars represent
median values.

with 500 ug of IFN-gamma. This was seen in half of the patients

receiving 100 ng of IFN-gamma and in only three patients at

the 10 ng dose level.

Two patients refused further treatment due to side effects after

500 (ig r-IFN-gamma.

TUMOR NECROSIS FACTOR ALPHA SERUM LEVELS AFTER TREATMENT WITH

RECOMBINANT INTERFERON GAMMAI

TNF alpha serum levels were measured in 282 serum samples of 5

patients. Only two out of five patients had detectable serum levels

of TNF alpha in pretreatment samples. Administration of recombinant

IFN gamma led to a statistically significant increase of TNF

alpha serum levels in almost all cases (p 0.01) (Fig. 2).
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Figure 3. Neioterin
and Beta-2-Micro-
globul in release
after s ing le
injections of IFN-
gamma in 16 patients
with m-RCC (median
values and range) .

TNF levels peaked 24 hours after application of r-IFN gamma

and returned to baseline values within four days.

NEOPTERIN AND BETA-2-MICROGLOBULIN AFTER TREATMENT WITH

r-IFN GAMMA:

Neopterin is a metabolic product of monocytes activated by IFN

gamma (11) . Neopterin levels increased in all patients after
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TABLE 2

IFH-Vdose 10 ug 100 ug 500

Leukocytes

4 h

24 h

101% (74-129) 82% (64-118)a 98% (46-123)

88% (55-113) 83% (45-149)b 73% (32-97)b

Granulocytes

4 h 102% (66-165) 99% (66-146) 97% (48-201)°

24 h 101% (60-140) 90% (41-187)a 76% (30-131)b'C

Lymphocytes

4 h

24 h

Honocytes

4 h

24 h

ap { 0.05 when

p ( 0.01 when

96% (36-195)

75% (43-137)

90% (7-405)

127% (0-392)

compared to

compared to

85% (54-145) 69% (29-196)b

a 66% (23-114)b 65% (39-145)b'd

57% (0-215)a 35% (0-400)b'e

66% (0-459) 54% (0-357)b

pretreatment values,

pretreatment values.

cp 0.01 when response to 10 ug and to 500 ug are compared.

Ttot significant when response to 10 ug and to 500 ug are compared.

ep = 0.055 when response to 10 ug and to 500 ug are compared.

Table 2. Response of white blood cell counts to s ingle doses of
expressed as a percentage of pretreatment values.

100 ug and 500 ug of IPN gamma peaking at 48 hours after the

application (Fig 3). As shown in the figure, nearly maximum
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- dose 10 100 ug 500

Leul T lymphocytes

4 h

24 h

109% (50-177)
88% (46-151)

116% (43-173)a 84% (30-167)a

66% (14-151) 79% (23-157)b

Leu 3 T lymphocytes

4 h
24 h

132% (50-238)
86% (46-177)

133% (53-215)
75% (20-154)

90% (40-283)
82% (26-154)

Leu2a T lymphocytes

4 h 88% (38-180) 122% (60-159) 76% (25-114)°'a

24 h

Leu7* NK cells

74% (32-185) 61% (13-183)° 63% (23-193)C'a

4

24

h

h

82%

69%

(32-220)°
(18-414)°

63%

39%

(24-197)°

(8-351)b
38%

32%

(0-139)°'a

(6-130)b'a

HLA DR* cells

4

24

T4/T8

4

24

h

h

ratio

h

h

70%

88%

130%

121%

(20-212)
(56-132)

(44-271)
(46-234)

51%

85%

118%

110%

(21-245)°

(35-249)

(76-205)
(77-264)

38%

70%

126%

122%

(25-127)
(39-176)

(66-217)
(56-326)

b,a

c

c

b

ap ^ 0.05 when response to 10 |ig and 500 (ig are compared.

p ( 0.01 when compared to pretreatraent values.

°p ^,0.05 when compared to pretreatment values.

Table 3. Response of T-lymphocytes subsets to s ingle doses of r-IFN-V
expressed as a percentage of pretreatment values.
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induction was achieved with 100 ng r-IFN-gamma and increasing

the dose to 500 ng r-IFN-gamma caused only a marginally higher

induction of the synthesis of this molecule. An identical pattern

was observed with beta-2-microglobulin after treatment with single

doses of r-IFN-gamma (16) . Significant induction was observed

already after treatment with 100 ng r-IFN gamma. Administration

of 500 tig r-IFN-gamma was followed by a slightly higher peek.

ACUTE EFFECTS ON THE COMPOSITION OF PERIPHERAL BLOOD LEUCOCYTES:

IFN-gamma treatment caused only minor effects on total white

blood cell counts. However the relative composition of various

leucocyte subsets changed markedly upon treatment with IFN-gamma.

Granulocyte counts were not effected, whereas the numbers of

lymphocytes and monocytes decreased after administration of

cytokines reaching the nadir two to twentyfour hours after injec-

tion.

The highest dose of IFN-gamma lowered circulating monocytes by

approximately 70 % and circulating lymphocytes marginally (-—30 %)

Numbers returned to pretreatment values within 48 hours.

T-CELL SUBSETS:

Lymphocyte subsets after IFN-f administration showed only minor

changes. The number of circulation Leu 1* cells declined 24 hours

after 500 ng IFN-gamma from a median value of 629 cells/nl to

608 (p< 0.01) (Table 3). The reduction after 10 ug and 100 ug did

not reach the level of statistical significance (Table 2).

Leu3* cells increased slightly 4 h after application of the

two lower dose levels, whereas 500 ug resulted in decreasing cell

counts. In contrast, the number of Leu2a* cells in the peripheral
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blood fell significantly with a nadir 24 h after administration

of both 100 ng and 500 ug of IFN-f* (from a median of 220

cells/nl to 120 oells/nl, p<0.05). The divergent behavior of

Leu3* and Leu2a* cells resulted in elevated T4/T8 ratios.

DISCUSSION:

Three major conclusions can be derived from the results of this

study: First, significant modification of biological response

was observed at dose levels far below the maximum tolerated

dose. r-IFN gamma effects in this low dose range were demon-

strated on homing properties of peripheral blood leucocytes,

synthesis of HLA proteins and neopterin, and activation of the

cytokine network. These findings are in conformity with results

of other groups, were an optimum immunomodulatory dose of 100 ug

was proposed (9). Second treatment of patients with advanced renal

cell cancer with low dose of r-IFN gamma can induce tumor

regressions in these patients. Moreover, the remission rate

observed in our study was within the range as those observed

after treatment of RCC patients with IFN alpha, IL-2, IL-2 plus

IFN alpha, IL-2 + LAK cells (4,5,6). However, patients treated

with low dose gamma interferon experienced considerably less

toxicity than reported from studies applying tolerable doses of

cytokines. Previous reports of r-IFN gamma for treatment of

advanced RCC demonstrated an extremely variable antitumor

activity in RCC patients with response rates ranging from 0 to

30 % (12). It cannot be excluded that differences in patient

selection account for varying clinical results. Nevertheless,

the fact that responses were seen almost exclusively in patients

treated intermittently with r-IFN gamma might indirectly support

the view, that continuous intravenous treatment with maximum
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tolerable doses is not the appropriate way for using r-IFN gamma

in these patients. We therefore conclude that the low dose range

of r-IPN gamma has to be further explored in these patients.

The last important observation of this study is that biological

response seems to be a prerequisite for tumor response in RCC

patients. All patients who showed no signigicant increase of

beta-2-microglobulin levels after treatment with r-IFN gamma

were resistant to therapy (13). Thus these marker molecules might be

appropriate parameters for the action of r-IFN gamma and be

thereby a means of designing optimal immunomodulatory treatment

schedules.
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Discussion -BIOLOGICAL AND CLINICAL RESPONSE OF RECOMBINANT

INTERFERON GAMMA IN PATIENTS WITH ADVANCED RENAL CELL

CANCER

M.M. Reidenberg

I think this was a very important paper. The traditional cytotoxic drugs used in

cancer have an ordinary dose response relationship and it was really Dr. Skipper

popularizing the fractional kill hypothesis that lead to the present conventional treatment

of cancer using the highest tolerated dose of multiple cytotoxic drugs. When cytokines

were then introduced into therapeutics the same concept of really pushing the dose to

toxicity and then backing off a little bit was used. And the results were disappointing.

Now, Dr. Aulitzky is presenting really good clinical pharmacological data suggesting that

the conceptual basis of treating cancer based on the normal dose response of cytotoxic

drugs and the Skipper Hypothesis just isn't appropriate when we are dealing with

biological response modifiers.

L. Gauci

I remember the arguments that occurred in two of the major pharmaceutical

companies that were involved firstly with IFN alpha and then with IFN gamma

development. There was one opinion which said there was only one way to develop a

cancer drug and that is to give it at high doses like chemotherapy, but there was a small

group of timorous people who said that these were blologicals and perhaps we ought to

target them differently. The development of alpha IFN was rescued because of a rare

selective indication, hairy cell leukemia, and gamma IFN was saved because of

congenital granulomatosis.

W. Aulitzky

I think, that we have to make an important step in clinical research. We have to

go back into man as a big test tube. We have to do it very carefully and we must not

do any harm, we also have to go back into man because that is the only environment

where we can study all those effects and interactions we need to study. We can't do it

in simple in vitro systems.




