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Abstract

 

In vitro as well as in vivo observations have shown that IL6
plays a key role in the pathogenesis of multiple myeloma.
Therefore we started a phase I/II dose escalating study with

 

chimeric

 

 monoclonal anti-IL6 antibodies (cMab) in multiple
myeloma (MM) patients resistant to second-line chemother-
apy. Here we describe the pharmacological data as well as a
new method for calculating the endogenous IL6 production.
The cMab (CLB IL6/8; 

 

K

 

d

 

: 6.25 

 

3

 

 10

 

2

 

12

 

 M) was given in two
cycles of 14 daily infusions, starting on day 1 and day 28.
Daily dose: 5 mg in patients 1–3, 10 mg in patients 4–6, and
20 mg in patients 7–9 (total dose 140, 280, and 560 mg of
anti–IL6, respectively). Using the pharmacokinetic data of
free IL6 and the binding characteristics of the cMab, the en-
dogenous IL6 production could be calculated from day to
day using a one-compartment open model. The median
half-life time of this antibody was 17.6 d. No human anti-
chimeric antibodies were induced. Pre-treatment median
endogenous IL6 production in the MM patients was 60 

 

m

 

g/d
(range 13.8–230; normal controls 

 

,

 

 7 

 

m

 

g/d).
During treatment with anti-IL6 cMabs, the endogenous

IL6 production immediately decreased in all patients to be-
low 3 

 

m

 

g/d and never reached the pre-treatment value dur-
ing the treatment period, except in two patients who devel-
oped an active infection, resulting in an IL6 production of
128 and 1,208 

 

m

 

g/d, respectively. We concluded that in MM
patients endogenous IL6 production is 2–30 times higher
than in healthy individuals. The anti-IL6 cMab strongly
suppress this endogenous IL6 production, probably by
blocking a positive feed–back loop, but this cMab does not
prevent infection-induced IL6 production. The chimeric
anti-IL6 Mabs have a long half-life time, a low immunoge-
nicity, and are able to block IL6–dependent processes in
vivo. (

 

J. Clin. Invest. 

 

1996. 98:1441–1448.) Key words: mul-
tiple myeloma 

 

•

 

 interleukin-6 production 

 

•

 

 chimeric mono-
clonal antibody

 

Introduction

 

In the past few years research has shown that the growth of
myeloma cells is regulated by cytokines. Both in vitro and in
vivo observations have shown that interleukin-6 (IL6)

 

1

 

 plays a
key role in the pathogenesis of multiple myeloma (1-6). Espe-
cially in patients with active and/or terminal disease, serum
IL6 levels have been found to be elevated (7, 8). Klein et al.
treated a patient with plasma cell leukemia resistant to chemo-
therapy with daily intravenous injections of murine anti-IL6
monoclonal antibodies (Mab) for two months (9). The pa-
tient’s clinical status improved and this was accompanied by a
block of the myeloma cell proliferation in the bone marrow
and a reduction in the serum levels of calcium, the M-protein
and C-reactive protein. No major side effects were observed,
but antibodies to mouse immunoglobulin could be detected 15
days after the start of the treatment. The same group recently
described another eight multiple myeloma (MM) patients
treated with several murine anti-IL6 Mabs in varying doses. In
2 patients a strong and in 3 other patients a weak immuniza-
tion against the Mab was observed (10). Repeated administra-
tion of murine Mabs often results in the development of hu-
man anti–mouse antibodies (HAMA), frequently directed
against the Fc part of the mouse immunoglobulin (11).
HAMA may induce anaphylactic reactions in patients receiv-
ing murine Mabs. Moreover they lead to rapid clearance of the
Mab. Based on this evidence we started a phase I/II study with
chimeric anti-IL6 antibodies in MM patients who were resis-
tant to second-line chemotherapy. The aim of the study was to
evaluate the safety and efficacy of the chimeric anti-IL6 anti-
body in this group of patients. Here we describe the pharmaco-
logical data obtained in the first nine patients treated with this
chimeric monoclonal antibody. Moreover we present a novel
method to calculate the endogenous IL6 production in these
patients.

 

Methods

 

Patients.

 

All patients had MM according to the criteria of Durie and
Salmon (12) and were relapsing after or resistant after at least two
lines of chemotherapy (VAD [vincristine adriamycine dexametha-
son] or VAD-like regimens, high doses of melphalan with or without
autologous bone marrow or peripheral stem cell support). Exclusion
criteria were: age 

 

,

 

 18 or 

 

.

 

 75 yr, life expectancy 

 

,

 

 3 mo, Karnofsky
score 

 

,

 

 60, diabetes mellitus, hypercalcemia requiring treatment, re-
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cent allogeneic bone marrow transplantation, kidney and/or liver
function abnormalities, coexisting malignancies, and active infection.
The mean age of these 9 patients was 62.3 years (range 53–74) with a
mean body mass index of 25.8 (SEM

 

6

 

1.93) kg/m

 

2

 

 (Table I).

 

Chimeric monoclonal anti-IL6 antibody.

 

To circumvent possible in-
duction of HAMAs a murine-human chimeric anti-IL6 monoclonal
antibody (chimeric CLB IL6/8) was developed. It is constructed of the
antigen-binding variable region of the murine anti-IL6 antibody
(CLB IL6/8) (13) and the constant region of a human IgG1 kappa im-
munoglobulin. The neutralizing Mab CLB IL6/8 blocks binding of IL6 to
the IL6 receptor (CD 126) (14) and has a high affinity for recombinant as
well as native IL6 (

 

K

 

d

 

 

 

5

 

 6.25 

 

3

 

 10

 

2

 

12

 

 M) (13). The murine-human chi-
meric anti-IL6 monoclonal antibody (chimeric CLB IL6/8) was devel-
oped at Centocor, Inc., (Malvern, PA), and manufactured by Cento-
cor Europe B.V. (Leiden, The Netherlands). The final vial contained
a sterile solution of 5 mg of chimeric CLB IL6/8 monoclonal antibody
in 5 ml of 0.15 M sodium chloride, 0.01 M sodium phosphate, pH 7.2,
and was tested to be pyrogen free, to pass general safety tests, and to
be free of pathogenic viruses, in accordance with accepted GMP reg-
ulations and guidelines for monoclonal antibody products. The IL6
binding characteristics of CLB IL6/8 were originally characterized by the
concentration of the antibody giving half-maximal inhibition of growth
(I

 

50

 

) of the IL6-dependent hybridoma cell line (B9) (see ref. 13). For
the present paper 

 

K

 

d

 

 was calculated from I

 

50

 

 in the following way. The
I

 

50

 

 was determined by titrating CLB IL6/8 in the presence of 2 pg/ml of
IL6. Each molecule of CLB IL6/8 is able to bind one IL6 molecule. In
the B9-assay half-maximum growth occurs when 1 pg/ml of free IL6 is
present (15). Under these conditions the I

 

50

 

 of the Mab CLB IL6/8 was
found to be 6.25 

 

3

 

 10

 

2

 

12

 

 M. molecular weight of IL6 is 25,000 D, so
the 

 

K

 

d

 

 can now be calculated from the following equations: [Mab]

 

total

 

5

 

 [Mab]

 

free

 

 

 

1

 

 [IL6-Mab complex]; [IL6]

 

total

 

 

 

5

 

 [IL6]

 

free

 

 

 

1

 

 [IL6-Mab
complex]; 

 

K

 

d

 

 

 

5

 

 ([IL6]

 

free

 

*[Mab]

 

free

 

)/[IL6-Mab complex]. The latter
three equations lead to 

 

K

 

d

 

 

 

5

 

 ([IL6]

 

free

 

*([Mab]

 

total

 

 

 

2

 

 [IL6]

 

total

 

 

 

2

 

[IL6]

 

free

 

)/ ([IL6]

 

total

 

 

 

2

 

 [IL6]

 

free

 

). As all of these quantities are known
(see above), 

 

K

 

d

 

 can now be calculated to be 6.25 

 

3

 

 10

 

2

 

12

 

 M.

 

Treatment schedule.

 

After obtaining written informed consent ac-
cording to the guidelines of the participating institutes each patient re-
ceived two cycles of treatment with chimeric monoclonal anti-IL6 anti-
bodies. Both cycles (starting at day 1 and 28, respectively) consisted of
14 daily 2-h i.v. infusions of the cMab. Before each cycle a test dose
(10 

 

m

 

g) was given by slow i.v. push over 5 min. As none of the nine
patients developed an immediate hypersensitivity reaction, in all cases
treatment was started 15 min later. The first three patients received a
daily dose of 5 mg of the chimeric anti-IL6 antibody (total dose 140
mg), the next three patients received 10 mg/d (total dose 280 mg), and
the last three patients received 20 mg/d (total dose 560 mg). Before
infusion the antibody was withdrawn from the vial and diluted to a fi-

nal volume of 250 ml with normal saline and filtered with a low pro-
tein-binding 0.2 

 

m

 

m filter to remove possible precipitations.

 

Levels of IL6 and anti-IL6 antibodies.

 

During treatment with the
chimeric CLB IL6/8 almost all IL6 in plasma was circulating in com-
plex with the antibody (see calculations below). IL6 levels were de-
termined with the B9 bioassay as described before (15). 5,000 B9 cells
were cultured in Iscove’s Modified Dulbecco’s medium supple-
mented with 5.10

 

2

 

5

 

 M 2-mercaptoethanol, 5% fetal calf serum, peni-
cillin (100 IU/ml), and streptomycin (100 

 

m

 

g/ml). The assay was car-
ried out in flat-bottomed microtiter plates (Nunc, Roskilde, Denmark)
in 200-

 

m

 

l vol. Cells were labeled at 68 to 72 h with 7.4 kBq of [

 

3

 

H]thy-
midine and the radioactivity incorporated in the nuclei was counted.
Samples to be tested were always titrated in four- or fivefold dilutions
and related to a standard preparation. 1 U of B9-stimulating activity
was defined as the amount inducing half-maximal proliferation and
corresponded to 1 pg of IL6. To determine the total IL6 level (i.e.,
free IL6 plus IL6 complexed to cMab), an excess (10 

 

m

 

g/ml) of CLB
IL6/14 was added to each well to displace IL6 from its binding to the
in vivo administered neutralizing chimeric CLB IL6/8. CLB IL6/14
and CLB IL6/8 Mab recognize partly overlapping sites of IL6. How-
ever, CLB IL6/14 is not capable of inhibiting IL6 activity in the B9
bioassay (16).

During treatment with the chimeric Mab actual free IL6 levels
cannot be measured, because the dilution of the samples necessary
for testing in the B9 bioassay or ELISA immediately influences the
equilibrium between IL6-cMab complex, free IL6, and free cMab.
Therefore free IL6 levels were calculated using the Henderson-Has-
selbalch equation, with the 

 

K

 

d

 

, the daily serum cMab levels and the
total IL6 levels as known parameters.

Levels of the chimeric CLB IL6/8 monoclonal antibody were de-
termined using a Radio Immuno Assay. Briefly, the serum sample to

 

Table I. Clinical Characteristics

 

M/F
Age
years M protein Stage Creatinine BMI

 

m

 

mol/l kg/m

 

2

 

1 M 53 IgG

 

k

 

IIIa 67 21.6
2 F 70

 

l

 

IIIa 59 20.9
3 F 58 IgG

 

k

 

IIIa 64 26
4 F 71 IgG

 

k

 

IIIa 108 24.3
5 F 74 IgA

 

k

 

IIIa 123 25.6
6 F 63 IgG

 

k

 

IIIa 40 27.3
7 F 60 IgA

 

l

 

IIIa 92 27.1
8 F 58 IgG

 

k

 

IIa 72 20
9 F 54 IgG

 

k

 

IIIa 49 39.5
Mean(SEM) 62.3(2.55) 74.8(9.1) 25.8(1.9)

Figure 1. Model for the calculation of the IL6 production. (a) 
(Rapid) clearance of free IL6. (b) Clearance of IL6 in complex with 
the Mab. (c) Dissociation constant. (d) Amount of Mab administered. 
(e) Daily IL6 production. a–d are known parameters; e can be calcu-
lated.
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be tested was added to 0.5 ml of a protein A–Sepharose (Pharmacia,
Uppsula, Sweden) suspension (2 mg/ml) in GWR (a working-solution
containing 0.01 M EDTA, 4.6 mM NaN

 

3

 

, 0.3% BSA, PBS, and 0.2%
Tween, pH 7.5) and a 1:1 dilution of the patient’s pre-treatment se-
rum. This step allows binding of all IgG immunoglobulins in the sam-
ple including the monoclonal anti-IL6 antibody. Next 50 

 

m

 

l of 

 

125

 

I-IL6
was added and after an overnight incubation the sample was washed
five times with phosphate buffer saline and Tween 0.02%. The
amount of binding of 

 

125

 

I-IL6 could be counted in relation to a cali-
bration line. The threshold of this assay is 0.5 ng/ml of antibody.

Human anti-chimeric antibody (HACA) levels were determined
using an ELISA. Briefly, the cMab (CLB IL6/8) was coated overnight
at room temperature (2 

 

m

 

g/ml in 100-

 

m

 

l well) on flat-bottomed micro-
titer plates. Patients sera were added in different dilutions (1/50 up to
1/800) in HPE buffer (CLB Biotechnology Department, Amsterdam,
The Netherlands) and incubated for 2 h at room temperature. After
washing (PBS/Tween) plates were incubated with HRP-conjugated
monoclonal mouse anti–human lambda light chain in 100 

 

m

 

l HPE
buffer for 1 h at room temperature. Subsequently after washing the
bound peroxidase was detected at 450 nm in a multiscan (Multiskan;
Titertek, Elfab Oy, Finland).

Levels of IL6 as well as of the chimeric monoclonal antibody were
determined daily from day 0 until day 14 and day 28 until day 41
(samples were drawn before starting the infusion of anti-IL6), and on
day 17, 21, 44, 48, 56, and day 100.

 

Mathematical procedure for calculating the overall daily produc-
tion of IL6.

 

To calculate the daily IL6 production the following data
are required: pharmacokinetics of IL6 bound to cMab; pharmacoki-
netics of free IL6; binding characteristics of IL6 bound to the cMab.

 

Pharmacokinetics of the cMab CLB IL6/8.

 

Non-lineary regression
was performed using PC NONLIN version 3.0 (17). A standard one-
compartment open model with bolus input was fitted to the concen-
tration-time data of the cMab.

(1)

In this equation 

 

C

 

(

 

t

 

) is the plasma concentration at time 

 

t

 

 (days), 

 

D

 

k

 

is the 

 

k

 

th

 

 dose (mg), 

 

V

 

ma

 

 is the apparent volume of distribution (liter).

 

n

 

 is the total number of doses, 

 

k

 

ma

 

 is the elimination rate constant
(day

 

2

 

1

 

), 

 

t

 

dk

 

 is the time of administration of the 

 

k

 

th

 

 dose, 

 

k

 

 is a counter.
A half-life time was calculated as ln2/

 

K

 

ma

 

 (days).

 

Pharmacokinetics of free IL6.

 

These data were derived from a
study performed by one of the authors (18), in which 150 

 

m

 

g rIL6 was
infused over 240 min, in patients with advanced renal cell carcinoma.

C t( )
n

k 1 =
∑

Dk

Vma

--------- exp⋅ kma– t tDk
–[ ]⋅( )=

These patients had normal liver and kidney function. As to their
mean age (64 y; SEM62) and mean body mass index (25.0 kg/m261.2
kg/m2), they were comparable to our patient group.

In this study blood samples for IL6 measurement have been taken
hourly and assayed using the CLB-ELISA kit (detection limit 4 pg/ml
IL6). This IL6-ELISA has a good correlation with the more sensitive
B9-bioassay (19). A standard one compartment open model, with
zero order input, was fitted to these data.

(2)

where Infu is infusion rate (mg/min), Vil (distribution volume of IL6)
has dimension liters, kil (elimination rate constant of IL6) min21, t
min, and C(t) mg/l. After cessation of the infusion the equation
changes to

(3)

where C(t)end is the IL6 concentration at the time of stopping the infu-
sion, and t is now time after stopping the infusion. The median half-
life time of IL6 was 19.5 min (range 10–37) and the median Vd of IL6
was 52.3 liters (range 23.6–66.2).

Calculation of IL6 production. To calculate daily IL6 production,
the following assumptions had to be made: There is an immediate
equilibrium between IL6 bound to cMab and free IL6. Moreover the
in vivo Kd (dissociation constant) for this equilibrium is equal to that
found in vitro (i.e., 6.25 3 10212). IL6 elimination occurs by two dif-
ferent routes only: by elimination of IL6 bound to the cMab and by
elimination of free IL6. In our patients the parameters of free IL6
elimination (i.e., Vil and kil) are similar to those obtained in our previ-
ous study in patients with renal carcinoma (18). The elimination of
the complex (cMab bound to IL6) is similar to that of free Mab (i.e.
Vma and kma) (20). Fig. 1 schematically shows our model for calcula-
tion of the IL6 production.

For each time interval average IL6 production (ProdIL6 (mg/d))
was calculated using the following differential equation

(4)

This equation is an adaption of the equation used to describe the time
course of a drug in a one-compartment situation, with input through
continous infusion (i.e., zero order input). In this equation IL6total is
the total serum IL6 concentration (mg/l), FF is the free fraction of IL6
(dimensionless) and, I(t) is the time-dependent production of IL6
(mg/d). Vil, Vma, kma are as defined above. kil is also as defined above,
but now expressed as units per day. Because FF was , 0.01 at all
time-points after the start of cMab dosage, the following simplifica-
tions were used: (1-FF) was equated to unity in actual computation,
and 1/(FF.Vil 1 (1-FF).Vma) was equated to 1/Vma. The equation used
for actual calculation was therefore

(5)

Results

The clinical characteristics of the nine MM patients are sum-
marized in Table I. The preliminary clinical data have been
presented earlier (21). All patients had end-stage myeloma
disease and were progressive before anti-IL6 treatment. All
but one patient had stable disease during anti-IL6 treatment
(b-2 M, paraprotein level). Despite disease stabilization in

C t( )
Infu

Vil kil⋅
---------------- 1 exp kil t⋅–[ ]–( )⋅=

C t( ) Ctend
exp kil t⋅–( )⋅=

d IL6[ ] tot

dt
-----------------------

1
FF V il 1 FF–( ) Vma⋅+⋅
-------------------------------------------------------------

I t[ ] FF Vil kil 1 FF–{ } Vma kma⋅ ⋅+⋅ ⋅[ ] I16[ ] tot⋅–( )

⋅

=

d IL6[ ] tot

dt
-----------------------

1
Vma

--------- I t[ ] FF Vil kil Vma kma⋅+⋅ ⋅[ ] IL6[ ] tot⋅–( )⋅=

Table II. Pharmacokinetics of Chimeric Anti-IL6 Mab in MM 
Patients

Patient Peak serum Mab level t1/2 of Mab Vd

mg/ml d liters

1 6.7 14.4 6.9
2 17.2 39.7 6.0
3 10.2 17.6 6.8
4 44.4 14.0 3.5
5 20.3 19.1 5.0
6 17.9 12.0 6.7
7 111 27 3.3
8 30.9 18 8.6
9 23.3 7.8 5.9

Median
(range)

17.6
(7.8–39.7)

6.0
(3.3–8.6)

Mab, chimeric anti-IL6 monoclonal antibody. Vd, distribution volume.
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eight of the nine patients in the present phase I/II study, no
clinical responses (as defined by a decrease of the M protein of
. 50%) have been observed. Importantly, in these nine pa-
tients no toxicity or allergic reactions have occurred, except for
a transient thrombocytopenia in patients 2 and 5. Patient 1 re-
ceived only 2 d of the second cycle; he went off study because
he required radiotherapy for myeloma-induced neurological
symptoms. Patient 5 received the first 14 d of treatment only
because she had an active infection of the urinary tract at the
time she was admitted for the second cycle. Patient 9 received
anti-IL6 treatment until day 34 and went off study because of a
pneumonia with septicemia.

Serum levels of cMab and IL6. Table II shows the observed
peak serum levels and the calculated t1/2 and Vd of the chimeric
anti-IL6 Mab. The Vd of the cMab ranged between 3.3 and 8.6 li-
ters. As expected the t1/2 of this cMab was long with a median of

17.6 d (range 7.8–39.7 d). We did not find a correlation between
the t1/2 and paraprotein levels in these patients (r 5 2 0.15). Fig.
2 A gives the mean cMab plasma levels in mg/ml for the three
dosage groups. In none of the nine patients were we able to de-
tect the induction of human anti-chimeric antibodies (HACA)
within the study period of 100 d. In agreement with this find-
ing, there were no changes in half-life time of this cMab in the
course of both treatment cycles. Total serum IL6 levels in-
creased during therapy with the anti-IL6 cMab. The mean to-
tal IL6 levels per dosage group are shown in Fig. 2 B. Fig. 3
shows the calculated free serum IL6 levels; free IL6 levels rap-
idly fell to and remained below 0.5 pg/ml until day 60, except in
patient 5 and 9. On day 100 only three patients were evaluable:
in patients 6 and 8 the free IL6 levels were 2.9 and 1 pg/ml, re-
spectively (with normal CRP levels). In patient 1 free IL6 lev-
els rose again, paralleled with disease activity.

Figure 2. (A) Mean serum levels of chimeric 
anti-IL6Mab. (B) Mean serum levels of total 
IL6. (a) Patients 1–3 treated with 5 mg Mab/d. 
(b) Patients 4–6 treated with 10 mg Mab/d. (c) 
Patients 7–9 treated with 20 mg Mab/d. Not ev-
ery day is plotted. On day 65 in each group two 
patients are present only (see Results). On day 
100: n 5 1 in each group.
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Endogenous IL6 production. Table III shows the calcu-
lated endogenous IL6 production in vivo as well as CRP and
IL6 plasma levels of every patient at day 0. The pretreatment
endogenous IL6 production ranged between 13.8 and 230 mg/d
(median 60 mg/d). We found a good correlation (r 5 0.99) be-
tween serum IL6 and endogenous IL6 production. Immedi-
ately after starting the treatment with the anti-IL6 cMab, the
IL6 production decreased in all patients to below 3 mg/d (Fig. 4
B). During the anti-IL6 treatment free IL6 levels and endoge-
nous IL6 production remained low. The pretreatment values
were not reached within the study period, except for patients 5

and 9, who developed active infections during anti-IL6 treat-
ment. In these two patients IL6 production rapidly increased
from normal to 128 mg/d in patient 5 and to 1,208 mg/d in pa-
tient 9 (Fig. 4 B).

Discussion

The pharmacological data obtained in nine patients with mul-
tiple myeloma treated with chimeric anti-IL6 Mab have sev-
eral interesting aspects. First, we found a long t1/2 of this cMab
and could not detect human anti-chimeric antibodies. Second,
high levels of IL6 were circulating in the form of (inactive) im-
mune complexes. Third, using kinetic data for both bound and
free IL6, we were able to calculate endogenous IL6 production
during nonsteady state conditions. These data indicate the ex-
istence of a positive feed back loop between IL6 and IL6 pro-
duction in MM.

The median t1/2 of this cMab was 17.6 d, i.e., in the same
range as the plasma half-life time of normal IgG in humans
(22). In agreement with this long t1/2 we could not detect hu-
man anti-chimeric antibodies in the plasma of these nine pa-
tients until day 100. Thus, the immunogenicity of this cMab
seems to be low. This is in contrast to murine (anti-IL6) Mab
which often results in the induction of human anti–mouse anti-
bodies (9-11), even in patients with B cell malignancies, known
to have acquired deficiencies in cellular and humoral immu-
nity.

Because of the long t1/2, the present dosage scheme resulted
in a progressive rise in serum levels of the antibody (Fig. 2 A).
Several studies in animals and humans have shown that the use
of anti-IL6 Mab led to accumulation of circulating IL6 in the
form of immune complexes (9, 23–27). We also found high levels
of circulating IL6 bound to the cMab (Fig. 2 B). A key question

Figure 3. Free IL6 levels; pa-
tients 5 and 9 developed an ac-
tive infection (see Results). Day 
60: n 5 7. Day 100: n 5 3. Solid 
circle: patients 1–4 and 6–8. 
Open circle: patient 5. Square: 
patient 9.

Table III. Pre-treatment IL6, CRP, and Endogenous IL6 
Production

Patient Serum IL6 Serum CRP IL6 production

pg/ml mg/liter mg/d

1 50 8 230
2 3 , 3 13.8
3 7 3 32.2
4 22 12 101
5 17 6 78.2
6 13 4 59.8
7 10 6 20.8
8 41 , 3 188
9 7 4 29.4

Median
(range)

13
(3–50)

4
(, 3–12)

59.8
(13.8–230)

Correlation between: IL6/CRP: r 5 0.34; CRP/IL6 production: r 5 0.32;
IL6/IL6 production: r 5 0.99.
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is whether this complexed IL6 has biological activity. If so, treat-
ment with anti-IL6 might result in disease progression cq. clinical
deterioration. Three observations make this possibility unlikely.
First, during anti-IL6 treatment CRP levels (completely IL6
dependent; 28) decreased to below detection level (3 mg/liter).
Second, in the three patients in which we were able to test it, we
found a blockage or decreased proliferation of the myeloma cells
in the bone marrow (21). Apart from the observed disease stabi-
lization these data indicate that these circulating complexes
were not active in vivo. Third, we did not observe an accelerated
disease course after the anti-IL6 treatment. Martens et al. con-
cluded from their study in mice that more than 1,000-fold mo-
lar excess of antibody is needed for neutralization of the bio-
logical activity (24). It is important to note that their Mab had
a much higher dissociation constant (1028–10210 M) than the
chimeric Mab used in our study (6.25 3 10212 M), whereas the
association constant of IL6 with its receptor is z 1011 M21 (29).

Lu et al. published a method to calculate the endogenous
IL6 production during steady state conditions. The one patient
described had a daily IL6 production of about 15 mg in steady
state situation (30). To perform their calculation, they had to
make at least three assumptions, one of them being that IL6
was eliminated in the form of immune complexes only. This as-
sumption was not necessary for our model. More recently, the
same group described IL6 production in another 13 patients (6
MM, 7 renal carcinoma) treated with murine anti-IL6 Mab
(31). They concluded that anti-IL6 treatment was only effec-
tive in low IL6 producers. The difference between their study
and ours is that they used a murine anti-IL6 Mab with a higher
Kd and a shorter half-life time of only three to four days (t1/2 of
our cMab . 2 wk). Moreover, some patients developed human
anti–mouse antibodies. We think that because of the long t1/2

and the high affinity of our cMab, we have been able to block
IL6 production at stromal level in the bone marrow more ef-

Figure 4. (A) Endogenous IL6 production 
(mg/d) in patients 1–4 and 6–8 as % (and SEM) 
of Day 0 (pre-treatment). Day 60: n 5 7. Day 
100: n 5 3. (B) Endogenous IL6 production 
(mg/d) in patient 5 and 9 as % of Day 0 (loga-
rithmic scale). (a) The second treatment cycle 
at Day 28 of anti-IL6 was not given in patient 5 
because of an urinary tract infection. (b) Anti-
IL6 was stopped on Day 33 in patient 9 be-
cause of a septicemia.
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fectively. In our model we also took into account the elimina-
tion of free IL6. The t1/2 of free IL6 is more than 1,000 times
shorter than IL6 bound to the cMab, possibly due to the fact
that the IL6 bound in complex cannot be cleared by the kid-
neys (20). In rat it was shown that 125I–rIL6 was cleared mainly
by liver, skin, and kidney (32). Because of this rapid clearance
of free IL6, a changing and not negligible equilibrium between
free and bound IL6 will exist depending on the dissociation
constant and the cMab concentration (Fig. 1). We were able to
put forward a method to calculate endogenous IL6 production
from day to day and not only in steady state situation, because
the clearance of free IL6 is taken into account.

We think it is justified to use the pharmacokinetic data on
rIL6 obtained in our previous study in another group of pa-
tients (median t1/2 of IL6 5 19.5 min; median Vd 5 52.3 li-
ters)(18), because the patients in our study were of similar age
and had almost equal body mass index as well as normal liver
and kidney functions. Moreover Castell et al. found in rats a
half-life time of IL6 in approximately the same range (33).
That the t1/2 of the (monomeric) complex is similar to the t1/2 of
the free Mab has been described by others (20), but the other
assumption, i.e., the Kd in vitro is equal to the Kd in vivo, can-
not be verified, but seems reasonable. We are not aware of
data from literature providing arguments against these as-
sumptions.

To further controlate our finding of the inhibition of en-
dogenous IL6 production by the anti-IL6 treatment, we used
our formula to calculate the total serum IL6 concentrations as-
suming that the pretreatment endogenous IL6 production
would remain constant during anti-IL6 treatment. Because this
situation would have resulted in total IL6 levels 10–15 times
the levels we have actually measured, it is highly unlikely that
our data are due to an (in vitro) artefact.

One of the most intriguing findings of our study was the
near complete inhibition of endogenous IL6 production by
anti-IL6. In 35 healthy controls the upper limit of serum IL6
was found to be 3.2 pg/ml (34). Using our formula, it can be
calculated that in healthy persons the maximum endogenous
IL6 production is 6.7 mg/d. Thus, in our MM patients the IL6
production before therapy is significantly increased (median
60 mg/d; see Table III). In our study the free IL6 level of pa-
tients with multiple myeloma rapidly decreased immediately
after starting the anti-IL6 cMab treatment due to binding to
the cMab. Concomitantly the IL6 production rapidly declined
to absolute values under 3 mg/d, i.e., within the normal range
(Fig. 4).

At present, the exact mechanism involved in the plasma
cell induced IL6 secretion in BMSC is unknown, but we found
that intimate cell–cell contact between the plasma cell and the
BMSC was absolutely necessary (35). Whatever the exact se-
quence of events at the cellular level, our IL6 production data
indicate, in patients with multiple myeloma, the existence of a
positive feed back mechanism as to the production of IL6.

To our knowledge this is the first description of a positive
feed back mechanism between IL6 and IL6 production in MM
patients. The data of patients 5 and 9 are intriguing because
they show us that despite high levels of circulating cMab, large
amounts of IL6 can be produced, leading to CRP levels of 130
mg/liter in patient 5 and 245 mg/liter in patient 9 (data not
shown here). In patient 5 (having an urinary tract infection)
the endogenous IL6 production increased to 128.4 mg/d. In pa-
tient 9, who developed an acute pneumonia with a septicemia,

the endogenous IL6 production increased to 1,208 mg/d. The
total IL6 level that day was 356.000 pg/ml. Thus, the positive feed
back mechanism described above for myeloma cell induced
IL6 production by BMSC, seems to lack infection-induced, en-
dotoxin/ TNF mediated IL6 production (by monocytes/mac-
rophages, or endothelial cells?).

In conclusion, we have provided a method to calculate
whole body endogenous IL6 production from day to day. We
have observed that in MM patients the endogenous IL6 pro-
duction is significantly increased when compared to healthy in-
dividuals. Treatment with chimeric monoclonal anti-IL6 anti-
bodies normalizes endogenous IL6 production, probably by
blocking a positive feed back loop in myeloma associated IL6
production. Chimeric anti-IL6 Mab have a long half-life time,
a low immunogenicity, and are able to block IL6 dependent
processes in vivo, but do not prevent infection-induced IL6
production.
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