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De in dit proefschrift beschreven studies zijn verricht aan de onderafdeling Interne
Oncologie van de Interne Kliniek van het Academisch Ziekenhuis te Groningen
(AZG). De studie beschreven in hoofdstuk 4 werd verricht in nauwe samenwerking
met de onderafdeling Gynaecologische Oncologie van het AZG en de afdeling Interne
Geneeskunde van het Martini Ziekenhuis te Groningen.

Wat begon met een opmerkelijk sollicitatiegesprek is afgerond. Gedurende de twee
jaar die ik verbonden ben geweest aan de onderafdeling is het merendeel van de stu-
dies voltooid. Het hoge tempo werd met name veroorzaakt door de bijna dagelijks
terugkerende vraag van mijn promotor prof. dr. Liesbeth de Vries: ‘... heb je nog wat te
lezen voor me?’. Daarnaast kon ik beginnen met werk waar Mieke van Gameren, arts,
al veel energie in had gestoken. Hieruit blijkt al dat het schrijven van een proefschrift
allesbehalve een solistische activiteit is. Velen hebben hieraan bijgedragen die ik op
deze plaats wil bedanken.

Mijn beide promotoren prof. dr. Nanno Mulder en prof. dr. Liesbeth de Vries ben
ik erkentelijk voor de kritische instelling en het nauwgezet beoordelen van de manu-
scripten. Mijn co-promotor dr. Pax Willemse dank ik voor zijn enthousiaste begelei-
ding en de ‘oplossingen’ die hij me aan de hand deed voor de diverse artikelen. Ook
de overige stafleden, prof. dr. Dirk Sleijfer en dr. Winette van der Graaf, dank ik voor
hun heldere adviezen. De klinisch-oncologische ervaring die ik heb opgedaan is met
name te danken aan de uitstekende supervisie van alle stafleden.
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Dr. Edo Vellenga van de onderafdeling Hematologie ben ik dank verschuldigd voor
de gelegenheid die hij me bood om de casus in hoofdstuk 8 te publiceren. Daarnaast
ben ik de collega’s van de Gynaecologische Oncologie erkentelijk voor de prettige
samenwerking daar waar het onze gezamenlijke patiënten betrof. Henk Piersma,
internist uit het Martini Ziekenhuis, wil ik bedanken voor de patiënten die hij heeft
ingesloten in de studie beschreven in hoofdstuk 4.

Zonder adequaat verplegend en ondersteunend personeel van de oncologiepoli, de
vroegere verpleegafdelingen Interne B3 en de ‘negende’ van de vrouwenkliniek kun je
het doen van klinische studies bijvoorbaat wel vergeten. Bedankt voor jullie attente en
zorgzame houding. Op deze plaats wil ik ook de beide oncologieverpleegkundigen Jos
Dijkstra en Bregtje Oosterhuis noemen, die voor en achter de schermen veel belang-
rijk werk verzetten. Een woord van dank ook aan de apotheek voor de uitermate pret-
tige samenwerking.

Prof. dr. J.G. Aalders, prof. dr. P.H.M. de Mulder en prof. dr. J.H. Beijnen dank ik
voor hun bereidheid zitting te nemen in de promotiecommissie. Laatstgenoemde zou
ik tevens willen bedanken voor de taxolbepalingen die zijn verricht in het kader van
de studie beschreven in hoofdstuk 4 en de farmacokinetische adviezen voor dit
hoofdstuk.

Zonder de secretariële ondersteuning van Willy Bruins-van der Wey en Christine
Wijma zou het allemaal een stuk zwaarder zijn geweest. Bedankt voor jullie hulp.
Voor het invullen van de vele CRF’s sta ik in het krijt bij Ticky Onnes en Gea
Huizinga; ik ben jullie werk niet vergeten.
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Deze mengelmoes van mensen leverde een zeer goede sfeer op, waar ik met genoegen
aan terugdenk. Op deze plaats moet ik uiteraard mijn collega-‘guppen’ Machteld
Wymenga en Judith Nieken noemen, met wie ik gedurende twee jaar lief en leed
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mede het gevolg van het feit dat ik in het MCL-Zuid te Leeuwarden bij dr. Marten
Leemhuis begonnen was met de opleiding Interne Geneeskunde. De goede sfeer die in
dit ziekenhuis heerst, heeft echter zeker een positieve invloed gehad op de afronding
van dit proefschrift.
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Ten aanzien van familie en vrienden bestaat er enige ambivalentie, als ze langsko-
men heb je meestal net de PC aangezet om juist dat ene stukje af te schrijven, maar
hun belangstelling voor het proefschrift was hartverwarmend. Peter ten Hoor was
door zijn aanbod om de lay-out van de ‘scriptie’ te verzorgen ineens één van de meest
ingewijde personen en daarmee de ideale paranimf. Tammo Brouwer heeft mij bij
mijn werkzaamheden zó vaak ‘gestoord’ met het verzoek mee te gaan schaatsen of
fietsen, dat hij ter compensatie de meest voor de hand liggende andere paranimf was.

Als laatste wil ik Amerins noemen, die door haar nimmer aflatende ‘tegenwerking’
voorkwam dat het beeld ontstond van een avond aan avond zwoegende promovendus
die zijn plicht als vader en echtgenoot niet kon nakomen.

Gerrit Jan Veldhuis 





Standard chemotherapy regimens are capable of obtaining high response rates in a
variety of malignancies. Complete responses for several solid tumors, however, are less
frequent and the remissions achieved often remain short-lasted. For certain
malignancies, several studies have suggested higher response rates and prolonged
survival after increases in chemotherapy dose intensity (dose/unit time). Due to drug
toxicity unlimited increases in chemotherapy dose intensity are not possible. One of
the major side-effects of chemotherapy is bone marrow depression, which may in
varying degree result in neutropenia, thrombocytopenia and anemia. Especially the
sequela of chemotherapy-induced neutropenia and thrombocytopenia, being
infectious complications and hemorraghic bleeding respectively, preclude further
chemotherapy dose escalation/intensification. The discovery, about 3 decades ago,
that hematopoiesis is controlled by specific factors, i.e. hematopoietic growth factors
(HGF’s), provided new instruments for further research at reducing bone marrow
toxicity. It was only after the isolation and purification of HGF’s and the subsequent
cloning and production of recombinant human HGF’s that extensive research with
respect to bone marrow protection became possible. The first HGF’s to be studied in
relation to myelosuppression were erythropoietin, granulocyte colony-stimulating
factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF) and
interleukin-3 (IL-3). Later followed by IL-1, IL-6, IL-11 and just recently by
thrombopoietin, i.e. megakaryocyte growth and development factor (MGDF). 
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The effects of various HGF’s on hematopoiesis differ. Some display a broad
stimulatory activity, whereas others act early in hematopoiesis or stimulate
committed progenitors as well as mature cells, with subsequent enhancement of one
or more of the three bone marrow lineages.

In this thesis the effects of IL-3 and IL-6 in relation to ‘standard’ chemotherapy in
cancer patients are reported. The potential importance of these HGF’s is their
megakaryocytic stimulating activity among other activities. Although, the recently
discovered thrombopoietin may shed new light on the problem of chemotherapy
induced thrombocytopenia, dose limiting thrombocytopenia remains an important
obstacle to chemotherapy dose intensification.

This thesis is divided in two sections, concerning IL-3 and IL-6 respectively. In the
introduction to the first section, the role of IL-3 in oncology and its side effects due
to allergic phenomena are reviewed (chapter 1). This is followed by a report
concerning an in vitro study to assess morphological and functional properties of
eosinophils from patients treated with recombinant human IL-3 (rhIL-3) after
chemotherapy (chapter 2). In chapter 3 the results of the administration of two
different doses of rhIL-3 after platinum-based chemotherapy are reported. This
phase-I-study was performed to assess toxicity, while bone marrow recovery was
systematically followed. In chapter 4 the effects of the combined use of rhIL-3 and
rhG-CSF are reported after a novel combination of chemotherapeutic agents:
paclitaxel, ifosfamide and cisplatin for the treatment of ovarian cancer.

The second part of the thesis focuses on rhIL-6. Similar to rhIL-3, rhIL-6 has
platelet stimulating properties. As an introduction to the second part, the role of
rhIL-6 in clinical oncology is reviewed in chapter 5. This is followed by a dose-finding
study of rhIL-6 after chemotherapy. The primary goal of this phase-I-study was to
assess toxicity, moreover hematologic parameters were systematically obtained to
detect thrombopoietic properties (chapter 6). In a small pilot study toxicity and
efficacy of the combined use of rhIL-6 and rhGM-CSF before and after chemotherapy
was assessed, as on theoretical grounds this combination may yield synergism
(chapter 7). The last part of this section is concerned with the effects of endogenous
IL-6 production by a benign lymphoma, as occurred in a patient with Castleman’s
disease. This is an example of a pathologic state associated with overproduction of 
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IL-6 and it provides insight into the supposed mechanism of anemia of this condition
(chapter 8).

The thesis is concluded with a summary of these studies, a brief overview
concerning the (potential) uses of these hematopoietic growth factors and future
perspectives.





Interleukin-3: its role in the physiopathology
of allergy and clinical use in oncology

G.J. Veldhuis, C. Berends*, H.F. Kauffman*, P.H.B. Willemse, E.G.E. de Vries.

Divisions of Medical Oncology and Allergology*, 
Department of Internal Medicine, 
University Hospital Groningen, Groningen, The Netherlands.

Forum 1994;4:310-321.

17

Chapter 1



18 Chapter 1

Abstract

Interleukin-3 (IL-3) is a hematopoietic growth factor with multilineage stimulatory
activity in vitro. In addition IL-3 displays a broad range of effects on mature cells
especially during allergic processes. With regard to its supposed stimulatory effect on
platelets, recombinant human (rh) IL-3 is now evaluated in the clinic without and after
standard chemotherapy. Also in vivo a multilineage effect is observed, with in some
studies an increase in leucocytes, neutrophils, eosinophils, monocytes, reticulocytes
and platelets. RhIL-3 can reduce the chance of chemotherapy postponement due to
insufficient bone marrow recovery. The elimination half life after subcutaneous
treatment is 2.15-4.8 hours with excellent bioavailability. The data of rhIL-3 after bone
marrow transplantation are currently too preliminary to draw firm conclusions. Phase-
III-studies to clarify this and other questions are ongoing.
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Introduction

Interleukin-3 (IL-3) is a glycoprotein that stimulates the proliferation and
differentiation of multipotent as well as committed progenitors of the various
hematopoietic lineages [1,2]. In the body IL-3 is produced by T-lymphocytes, natural
killer cells, mast cells and eosinophils [3-8]. The gene for IL-3, which is located on the
long arm of chromosome 5, was cloned in 1988 [9,10]. The human IL-3 receptor (IL-
3R) consists of the alpha and common beta (beta c) subunits [11]. Beta c, which does
not bind IL-3 itself, forms a high affinity receptor with IL-3R alpha [12,13]. The
respective receptors for IL-5 and granulocyte-macrophage colony-stimulating factor
(GM-CSF) also contain the high affinity beta c receptor [13]. No IL-3 is detectable in
circulation in humans under normal conditions. After chemotherapy IL-3 was
observed in circulation, which correlated with platelet counts [8]. In vitro IL-3
promotes the survival, proliferation and differentiation of multipotent hematopoietic
stem cells and of the committed progenitor cells of the megakaryocyte, granulocyte/
macrophage, erythroid, eosinophil, basophil and mast cell lineages [1,2,9,10].
Furthermore it has been shown to be a potent stimulator of megakaryopoiesis in
vitro [14-16].

This article mainly highlights the role of rhIL-3 in clinical oncology. However,
preclinical data concerning the role of IL-3 in allergies are also being reviewed for
general purposes, i.e. reporting on its role in human disease and especially with regard
to observed/supposed side effects of rhIL-3 when used therapeutically.

Interleukin-3 and allergies

A great deal of research has been performed on the role of IL-3 in allergic diseases.
Allergic reactions can be divided into two phases, both of which are under control of
cytokines produced by T helper lymphocytes of the Th2 phenotype. The first phase is
the immediate type of reaction, in which histamine and other mediators are released
from mast cells via cross-linking of IgE-receptors [17,18]. The second phase, the so-
called late reaction, occurs 5 to 8 hours later and is characterized by the appearance of
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eosinophilic granulocytes [19-21]. Over the past few years, evidence for the role of 
IL-3, IL-4, IL-5 and GM-CSF in both phases of allergic reactions has been increasing.
T cell clones of atopic subjects, for instance, have shown to produce predominantly
these Th2-type cytokines [22]. The role of IL-3 in this area will now be considered in
more detail.

The production of IL-3 in vivo during allergic inflammation has been suggested in
some recent studies. In a study by Kay and coworkers, skin biopsies from human
allergic subjects were hybridized with 35S-labelled RNA probes for a number of
cytokines [23]. After an allergen-induced late reaction, mRNA for IL-3 was detected
indicating that after a late allergic reaction IL-3 is produced. In another study from
the same group, it was shown that in subjects with mild allergic asthma, the number
of cells positive for mRNA for IL-3 in bronchoalveolar-lavage was increased when
compared to control subjects [24]. In addition, one of the eosinophil lifespan-
extending factors, present in T cell supernatants and sera of allergic asthmatics was
identified as IL-3 [25]. In vitro, it has been shown that IL-3 can augment the
spontaneous IgE synthesis by isolated B cells from allergic subjects [26]. The role of
IL-3 in allergic diseases is further supported by its in vitro effects on eosinophils and
basophils.

Basophils are postulated to be the circulating effector cells of allergy. Comparable
to mast cells, they can be triggered by cross-linking of surface IgE-receptors [18].
Analysis of mediator releasing during allergic reactions in rhinitis patients, for
instance, has revealed that basophils and not mast cells are activated during the late
phase response [27]. IL-3 has been shown to directly cause the release of histamine
from basophils of allergic asthmatic subjects [28]. In a subset of subjects where this
did not occur, it was possible to enhance the histamine-releasing effect of anti-IgE
with low concentrations of IL-3 (0.3 and 3 ng/ml). These direct and indirect releasing
activities of IL-3 did not coexist in basophils of a single donor. The direct releasing
activity of IL-3 may be dependent on the presence of a subset of IgE that supports
release by histamine-releasing factors [29]. This was demonstrated by passively
sensitizing basophils from IL-3-nonresponders with this particular type of IgE which
could help to explain the rather erratic in vivo results with IL-3. After sensitization,
these basophils did respond to IL-3. The enhancing effect of IL-3 has also been
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observed in combination with the complement component C3a, C5a, f-methionyl-
leucyl-phenylalanine (fMLP), calcium-ionophore A23187 and IL-8, which do not
induce histamine-release by themselves [30-33]. Also, basophils have shown to
produce leukotriene C4 upon stimulation with C5a and IL-8, only after pre-
incubation with IL-3 [30,33]. These and other studies indicate that IL-3 renders the
basophil susceptible to IgE-independent stimuli for the release of histamine and
leukotrienes. Histamine release by IL-3 alone may be possible only after sensitization
with a subset of IgE which would help to explain the rather erratic in vivo results with
IL-3. Furthermore, recruitment of basophils to sites of allergic inflammation may also
be increased by IL-3, mediated via the up-regulation of the adhesion molecule CD11b,
the α-chain of the complement receptor type 3 (mac-1) [34].

Eosinophils migrate to the site of allergic inflammation during the late reaction.
The appearance of eosinophils after a late phase allergic response was shown in a
number of studies [20,21,35,36]. During migration these eosinophils become
activated and may release superoxide anions, leukotrienes, platelet-activating factor
(PAF), and enzymes such as eosinophil derived neurotoxin (EDN), eosinophil
peroxidase (EPO), and major basic protein (MBP) [35,37-39]. These substances may
subsequently damage tissues and thus cause clinical symptoms [39,40]. IL-3 may
affect eosinophils during infiltration and activation. Production of IL-3 at the site of
allergic inflammation may help attract eosinophils from the blood stream. Although
IL-3 itself is not a strong chemoattractant for eosinophils, picomolar concentrations
are enough to enhance the chemotactic effect of PAF, fMLP and IL-8 [41].
Furthermore, the eosinophils of allergic asthmatic individuals exhibit an increased
chemotactic response towards PAF, which resembles the response of in vitro primed
eosinophils of non-allergic control subjects [42-44]. In a study by Moser et al., the
migration of human eosinophils across cytokine-activated endothelial cell
monolayers was found to be increased after incubation with IL-3 [45]. In the same
study, it was found that the migration of eosinophils from subjects with allergic
asthma was increased when compared to eosinophils from control subjects.
Infiltration of tissue involves adhesion of eosinophils to endothelial cells [46]. From
in vitro experiments it has become clear that IL-3 is able to increase the expression of
adhesion-molecules such as CD11b and Intercellular Adhesion Molecule 1 (ICAM-1)
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on the surface of eosinophils [47-49]. In addition, it has been found that, in contrast
to eosinophils from control subjects, eosinophils from allergic patients show an
increased expression of CD11b after stimulation in vitro or after allergen exposure
[50,51].

Furthermore, IL-3 is able to enhance the production of tissue-damaging
substances. In vitro, IL-3 primes the respiratory burst, degranulation and leukotriene
C4 production of eosinophils, probably via induction of tyrosine kinase activity [52-
55]. Enhanced functional responsiveness of eosinophils after exposure to IL-3 has
also been found with respect to the killing of Candida albicans and antibody-coated
Schistosoma mansoni larvae [52,54]. In a recent study, IL-3 was shown to induce the
expression of CD69. CD69 triggers aggregation and mediator release of platelets, and
is therefore a possible receptor for eosinophil activation [56]. Furthermore,
eosinophils incubated with IL-3 sediment at low density when centrifuged on a
discontinuous gradient of Percoll [54-57]. This so-called hypodense phenotype is
characteristic for activated eosinophils [58].

A number of parameters of eosinophils from non-allergic subjects, which are
stimulated in vitro by IL-3, have found to be increased in peripheral eosinophils of
allergic patients without prior incubation. This indicates an in vivo exposure of these
eosinophils to cytokines such as IL-3. Functional parameters such as respiratory
burst, degranulation and leukotriene production by eosinophils of allergic patients
have found to be enhanced [59-61]. Furthermore, a number of studies have indicated
that eosinophils of allergic individuals are hypodense, although the studies on this
subject are controversial [62-66]. This controversy is possibly caused by patient
selection and differences in isolation procedures [66]. After infiltration and activation
of eosinophils in allergic tissue, IL-3 may prolong the survival of eosinophils, which
may enable them to persist in the tissue for a longer period [54,57]. These survival-
enhancing properties have been detected in sera and T cell supernatants form allergic
asthmatic subjects [25]. The described effects of IL-3 may be amplified by the fact that
eosinophils and mast cells are capable of producing IL-3, although this has to be
further evaluated [5,7,67].
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Interleukin-3 and hematopoiesis 

Potential interest for the clinical use of recombinant human IL-3 (rhIL-3) was
especially raised by the fact that IL-3 is a potent stimulator of megakaryopoiesis in
vitro and therefore might be interesting to prevent trombocytopenia [14-16]. IL-3 has
been expressed in various systems such as mammalian cells, yeast, B. licheniformis
and E. coli.

Studies with rhIL-3 in animals. Studies in murine and primate models with rhIL-3
showed an effect on myelopoiesis, megakaryopoiesis and erythropoiesis [68-71].
There was also a clear effect on basophils and eosinophils [72,73]. When IL-3 was
administered for 7 days followed with GM-CSF for 4 days, a pronounced effect was
observed on leucocytes with an increase in neutrophils, banded neutrophils,
eosinophils, lymphocytes, monocytes, and basophils [72]. In primates the sequential
administration of IL-3 and IL-6 resulted in an increased effect on trombopoiesis [74].
The effect of rhIL-3 after chemotherapy consisting of cyclophosphamide and 5-
fluorouracil was evaluated in primates [75]. A higher neutrophil nadir count and a
reduced period of neutropenia was observed. During white cell recovery there was a
pronounced eosinophilia and basophilia. Due to the large variation in platelet
recovery in the control animals the effect on platelets was difficult to interpret. Side
effects were facial and extremity swelling as well as a pruritic rash. In mice IL-3 was
combined with IL-6 after treatment with 5-fluorouracil [76]. This combination
showed a synergistic effect on platelet recovery.

Studies with rhIL-3 in humans. The initial studies with IL-3 alone in humans were
performed especially in patients with impaired bone marrow function due to e.g.
aplastic anemia and myelodysplastic syndrome [77-81]. They therefore do not
necessarily all show the full potential of this cytokine. In studies with subcutaneously
(sc) administered IL-3, from the second week an increase in leucocyte and platelet
counts was observed. The neutrophil increase was dose dependent and in this setting
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for platelet effects 250 µg/m2/day and 500 µg/m2/day were equally effective. In a
phase I study in which rhIL-3 was administered as a daily 4-hour intravenous (iv)
infusion, no clear dose response effect was observed [81]. Aglietta et al. administered
rhIL-3 to chemotherapy naive patients with neoplastic disease and normal
hematopoiesis for seven days sc at doses of 0.25-10 µg/kg/day [82]. In this study no
effect was observed on peripheral blood counts on day 7 for platelets, erythrocytes,
neutrophils, or lymphocytes. However, a mild monocytosis and basophilia (day 7 at
10 µg/kg/day maximum value 157 % compared to baseline value) occurred. After an
initial decrease of eosinophils during the first hours after start of treatment there was
a 460% increase of eosinophils compared to baseline values at 10 µg/kg/day. The fact
that only effects were observed for certain cell types may be due to the relatively short
treatment period and the fact that no data are supplied for the period after day 7. In
the same setting however, D’Hondt et al. recently reported that they observed in
patients with small cell lung carcinoma, treated with rhIL-3 continuously iv for 7 days
during the prechemotherapy period, an effect on day 8 on leucocytes, neutrophils,
monocytes and eosinophils [83]. They observed a significant dose dependent effect on
platelet counts on day 15.

RhIL-3 was sc as well as iv in general well tolerated up to a dose of 250 µg/m2/day
or 10 µg/kg/day. Side effects were fever, headache and neck rigidity. Less frequently
were observed, chills, flushing, bone pain, rash, nausea vomiting and peripheral
edema. Dose limiting toxicity was reported at 500 µg rhIL-3 /m2/day due to severe
headache, neck rigidity, bone pain, decrease in platelet counts, vomiting, nausea and
recurrent urticaria. RhIL-3 administered as iv bolus injection is reported in the
literature with a dose of 125 µg/m2/day. This caused transient acracyanosis and chills
in all three patients. A phase-I-study has been performed in which rhIL-3 was
administered for five days followed by rhGM-CSF for 10 days [84]. This combination
showed no superior effect on myelo- or trombopoiesis compared to rhGM-CSF or
rhIL-3 alone. The fact that rhIL-3 was administered for a relatively short period may
be the reason that the effect on platelets was missed.

Since 1992 a number of studies have been published on rhIL-3 administered after
chemotherapy. Three full papers have been published on ovarian carcinoma patients.
The fact that especially the bone marrow toxic chemotherapeutic drugs carboplatin
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and cyclophosphamide are relevant drugs for this tumor type makes this setting
relevant for a potential application of rhIL-3. Twenty chemotherapy-naive patients
with advanced ovarian cancer eligible for treatment with six cycles carboplatin-
cyclophosphamide every four weeks (day 1) were studied [85]. Five patients received 1,
5, 10 or 15 µg/kg/day rhIL-3 during seven days (days 5-11) in cycles 1, 3 and 5 by
continuous iv infusion or once daily sc administration. In control cycles 2, 4 and 6 no
rhIL-3 was administered. RhIL-3 increased the recovery of leucocyte, neutrophil and
platelet counts, especially at 5, 10 and 15 µg/kg rhIL-3 and also increased basophil,
eosinophil, monocyte and lymphocyte counts at these dose steps. Effects on
reticulocytes were limited. No difference in efficacy between sc and iv rhIL-3
treatment was found. Less chemotherapy postponement for insufficient bone marrow
recovery was necessary after cycles during which IL-3 was administered then after
control cycles. Platelet transfusions were required in 7/45 control cycles versus 3/50
rhIL-3 cycles. RhIL-3 up to doses of 10 µg/kg/day could be administered without
severe side effects. At 15 µg/kg/day rhIL-3 headache was dose-limiting. In these
patients a pharmacokinetic analysis was performed. Mean steady-state concentrations
(Css) during continuous iv infusion ranged from 183 pg/ml (1 µg/kg/day) to 2214
pg/ml (15 µg/kg/day) and were linearly related to dose. The total body clearance was
5 ml/min/kg. Elimination T1/2iv was in the range of 0.43-0.88 hours. Following sc
injection, the maximum rhIL-3 plasma concentration ranged from 206 pg/ml (1
µg/kg/day) to 6930 pg/ml (15 µg/kg/day). Elimination T1/2sc ranged from 2.15-4.8
hours. Based on trough levels of the seven days sc course, no accumulation occurred.
Bioavailability of sc administered rhIL-3 was nearly 100%. It was concluded that the iv
route of administration appears to have no advantages over the sc route.
Furthermore, in future clinical trials twice daily sc administration of rhIL-3 should be
considered [86]. Based on the above data a study, in which 17 patients were entered,
was designed to determine if rhIL-3 would allow chemotherapy administration every
three weeks [87]. Cyclophosphamide was administered in a dose of 750 mg/m2 and
carboplatin was dose adjusted to creatinine clearance: 60-80 ml/min: 257 mg/m2, 80-
120 : 300 mg/m2, 120-140: 340 mg/m2, >140: 385 mg/m2 in 6 cycles. RhIL-3 (5 or 10
µg/kg/d) was given sc day 2-11 in each cycle. Urticaria occurred at 5 µg rhIL-3 in two
patients and at 10 µg in five patients. In four episodes dyspnea and/or oedema was
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observed. These reactions occurred during cycle 3-6 and was controlled with
antihistamine and prednisolone. No platelet transfusions were required. In 61% of
cycles it was possible to give a chemotherapy dose intensification of 33%. Currently a
large phase-III-study is ongoing in which first line carboplatin and cyclophosphamide
are administered every three weeks with or without rhIL-3 support. Rusthoven et al.
administered rhIL-3 days 2-9 in cycle one or two consisting of carboplatin (350
mg/m2) every 28 days [88]. The maximum tolerated dose was 250 µg/rhIL-3/m2/day.
They observed no beneficial effect on blood counts. The fact that monotherapy was
used and that the dose of carboplatin used in this study was relatively low might be
the reason why no protective effect was observed. Dercksen et al. treated 15 patients
with high dose monotherapy of carboplatin (800 mg/m2) every 28 days [89]. Starting
with the second cycle, 5 µg/kg/day rhIL-3 was added to this treatment, with different
timing and duration of rhIL-3. A total of 27 cycles were completed in 12 patients.
RhIL-3 in the second cycle significantly reduced the neutrophil nadir and the
duration of neutropenia. Less platelet transfusions were required after the second
cycle with rhIL-3 than in the first cycle without rhIL-3. 

There are three full papers published on the addition of rhIL-3 to the
chemotherapy of patients with small cell lung cancer (SCLC). We have treated 15
relapsed SCLC patients with (B. licheniformis-derived) rhIL-3 (1-16 µg/kg/day sc)
following chemotherapy [90]. The compiled data from 8 and 16 µg/kg demonstrated
that the recovery of leucocytes, neutrophils and platelets was accelerated compared to
a previous control cycle. D’Hondt et al. performed a study with rhIL-3 in patients
with SCLC treated with carboplatin, VP16-213 and epirubicin [83]. After the first
chemotherapy course no rhIL-3 was administered and after the second course seven
days rhIL-3 (dose range 0.25- to 10 µg/kg/day) or placebo was administered iv to a
total of 28 patients. Following the second cycle of chemotherapy, the platelet recovery
was faster than after the first course and there was less chemotherapy postponement
due to myelotoxicity. In another study 12 patients with small cell carcinomas of
different origin were treated with rhIL-3 at 0.125, 5 and 7.5 µg/kg/day sc after the
second but not after the first cycle of carboplatin, ifosfamide and VP16-213 [89]. In
the eleven patients in which the hematopoietic effects of the first cycle could be
compared with the second cycle no benificial effect of rhIL-3 was observed.
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Gianni et al. [91] treated 22 previously untreated breast carcinoma patients with
high-dose cyclophosphamide (7 g/m2/day). The rhIL-3 doses used were 1, 2.5, 5 and
10 µg/kg/day administered iv. The doses up to 5 µg/kg/day were acceptable, at 10
µg/day nausea, vomiting and headache were dose limiting. At 5 µg/kg/day rhIL-3
accelerated granulocyte, platelet and reticulocyte recovery compared to matched
historical controls treated without cytokine infusion. Compared to the historical
control patients, fewer red blood cell transfusions were required. Substernal pain
clearly related to rhIL-3 infusion was reported as the only worrisome toxicity in two
patients at 2.5 and 5 µg/kg/day.

These early phase-I/II-studies demonstrated that a dose of 5-10 µg/kg/day rhIL-3
can affect the duration of chemotherapy-induced neutropenia and
thrombocytopenia. However, the effect on the neutrophil and the platelet nadir
counts seems limited as could be expected from the early phase I/II trials without
chemotherapy demonstrating a relatively late effect on the leucocyte and platelet
counts. Therefore, depending on the chemotherapy schedule, rhIL-3 may be of greater
value in reducing the duration of myelosuppression, rather than in elevating the
nadir counts. If the interval between chemotherapy courses is too small and rhIL-3
exposure too short observe an IL-3 effect.

Side effects of rhIL-3 after chemotherapy in the effective dose range were frequent.
Both the toxicity profile and the incidence of side effects were very similar to those in
the phase-I/II-studies with or without chemotherapy. This is underscored by the fact
that in the only study in which patients were treated with rhIL-3 before and after
chemotherapy no difference in toxicity was observed in the two settings. Variations in
the different studies may also be influenced by the disease of the patient and the
route of administration. Theoretically it can be speculated that during treatment of
chemotherapy-induced myelosuppression, rhIL-3 may enhance the functions of
eosinophils and basophils. The increased mediator release of these cells may cause
damage of normal tissue, as is seen in allergic diseases. Observed side effects in phase-
I/II-studies such as rash and facial erythema may be caused by local mediator release
induced or enhanced by rhIL-3. However, there was no increase of urinary histamine
metabolites found during treatment [78,86]. In contrast, release of leukotrienes in
tissues is supported by the fact that during rhIL-3 treatment an increase in urinary
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leukotrienes has been found to occur, before peripheral leucocytes increased [92].
Understanding of the mechanisms that cause the release of mediators can help to
avoid unnessary toxicity of rhIL-3. Due to its pleitropic effects the range of observed
side effects of rhIL-3 is larger than reported for rhG- and rhGM-CSF [93].

The effect of rhIL-3 as well as rhGM-CSF after high dose cyclophosphamide (7
g/m2) on hematopoiesis and microenviroment in human bone marrow was studied
by Orazi et al [94]. Patients received 1-5 µg/kg/day IL-3 iv for 14 to 18 days or GM-
CSF 5.5 µg/kg/day for 14 days. Effects were evaluated versus treatment with
cyclophosphamide alone. Bone marrow (BM) cellularity and myeloid/erythroid ratio
were lower in the IL-3 treated group than in the rhGM-CSF treated group, but it was
higher in both groups than in the control group. Frequency of CD34+ BM cells was
unchanged after rhIL-3 and decreased after rhGM-CSF. The combination of rhIL-3
followed by rhGM-CSF was also studied in patients on chemotherapy treatment
[95,96]. Brugger et al. [95] treated cancer patients with chemotherapy followed by
rhIL-3 (250 µg/m2/day on days 1-5 sc) and rhGM-CSF (250 µg/m2/day on days 6-15
sc). Results were compared with patients given rhGM-CSF after chemotherapy and
patients treated with chemotherapy only. The patients treated with a hematopoietic
growth factor demonstrated a faster neutrophil recovery compared to patients not
treated with a growth factor. There was no difference in neutrophil recovery between
the rhIL-3 plus rhGM-CSF group and the rhGM-CSF group. In general, the platelet
recovery was not hastened by the administration of either the combination of rhIL-3
plus rhGM-CSF or rhGM-CSF alone, but accelerated platelet recovery occurred only
in a few intensively pretreated patients.

Effect of rhIL-3 on bone marrow composition and peripheral stem cell
harvesting. Treatment of patients with rhIL-3 without chemotherapy resulted in
bone marrow cell proliferation by increasing the percentage of bone marrow
progenitors in S-phase. The most sensitive progenitors were the megakaryocyte
progenitors [82]. The maximum value of peripheral blood colony forming units
occurred after seven days of rhIL-3 on day 12 since start of rhIL-3 treatment for CFU-
GEMM, and BFU-E and day 15 for CFU-GM [83]. Probably rhIL-3 may on its own not
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be able to give sufficient peripheral stem cell increase for a stem cell transplantation
in every setting. After chemotherapy rhIL-3 combined with e.g. GM-CSF resulted in
more progenitor cells than with GM-CSF alone [97].

RhIL-3 and bone marrow transplantation. Only preliminary data from studies
with rhIL-3 alone [98] or combined with G-CSF or GM-CSF after bone marrow
transplantation are available [99,100]. It is currently difficult to draw conclusions
considering the potential role of IL-3 in this setting. Data from randomized phase-III-
studies are eagerly awaited.

The duration of IL-3 administration in some studies was relatively short. In view of
its delayed hematological effects, combinations with other growth factors may be
more effective. The fact that fever was a side effect in studies with chemotherapy
without bone marrow reinfusion might be a complicating factor in the transplant
situation. Crump et al. [101] used in patients with delayed engraftment after
autologous bone marrow transplantation IL-3 and in some patients together with
GM-CSF. They observed only limited benefit, namely a transient increase in
neutrophils and eosinophils.

RhIL-3 effects on tumor cells. In vitro IL-3 can stimulate proliferation of malignant
cells. One out of 11 small cell lung carcinoma cell lines was stimulated by rhIL-3. This
cell line also had receptors for IL-3 [102]. Also in other solid tumor cell lines effects
are observed [103,104]. RhIL-3 is known a stimulator for myeloid leukemic cells. This
aspect is used as stimulatory factor to induce S-phase in these cells and thus make
them more sensitive for chemotherapy [105-107].

Conclusion

IL-3 is a hematopoietic growth factor with multilineage activity. These effects are also
observed after treatment with rhIL-3 with or without chemotherapy. Its exact role for
the clinic is currently further elucidated with the help of phase-III-studies.
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Abstract

Several studies have shown that interleukin-3 (IL-3) enhances eosinophil activity in
vitro. The in vivo effects of IL-3 on circulating human eosinophils, however, may be
modulated by the presence of other cell-types and cytokines. Activation of eosinophils
during recombinant human IL-3 (rhIL-3) administration is likely to occur since allergy-
like side effects have been reported in previous studies in men. In the present study, the
in vivo effects of rhIL-3 administration were evaluated with regard to density and
CD11b expression of eosinophils and neutrophils. Patients (n=14) with newly
diagnosed ovarian cancer received cyclophosphamide/carboplatin based
chemotherapy (day 1, 6 cycles) followed by subcutaneous rhIL-3 (5 µg/kg/day, days 3-
12) or no rhIL-3. In the first cycle, blood samples were collected before chemotherapy
(day 1), after chemotherapy but before rhIL-3/control administration (day 3), and on
day 8. Activation of eosinophils and neutrophil was determined by the number of
hypodense cells and CD11b expression in whole blood samples. Priming was measured
by CD11b expression induced in vitro after incubation with N-formyl-methionyl-leucyl-
phenylalanine (fMLP) or platelet-activating factor (PAF). No allergy-like side effects
were observed in cycle 1. RhIL-3 treated patients showed a significant increase in
eosinophil count (day 8), concurrent with an increase (p<0.05) in the percentage of
hypodense eosinophils and neutrophils. At day 8, the constitutive and the inducible
CD11b expression of the rhIL-3 group was increased compared to day 1. Furthermore,
the relative CD11b expression on eosinophils (359±62%) and neutrophils (471±109%)
in the rhIL-3 group was higher (p<0.05) than in the control group (166±41 and
166±23%, respectively). This study showed that eosinophils can be activated and
primed in vivo during rhIL-3 treatment, thereby confirming in vitro studies.
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Introduction

Interleukin-3 (IL-3) is a hematopoietic growth factor that acts on numerous target
cells. It can stimulate the generation and differentiation of macrophages, neutrophils,
eosinophils, basophils, mast cells, megakaryocytes and erythroid cells by acting on
multipotent hematopoietic stem cells and committed progenitor cells [1-4].
Treatment of patients with recombinant human IL-3 (rhIL-3) resulted in multilineage
hemopoietic effects [5-8]. These patients frequently reported flu-like symptoms but
also experience, although less frequent, allergy-like side effects, such as facial
erythema, urticaria, conjunctivitis, dyspnea, edema of the lips and eyelids [9-16].
These side effects were observed more often when more than two chemotherapy and
rhIL-3 cycles were administered [13]. Furthermore, rhIL-3 administration consistently
resulted in increases in eosinophils [8,10,12-14,16]. The observation of allergy-like
phenomena and eosinophilia during and after rhIL-3 administration prompted us to
further investigate eosinophil activation and priming during rhIL-3 treatment.

In vitro, IL-3 does affect immature and mature peripheral cells. Eosinophils retain
responsiveness for IL-3, while neutrophils lose their responsiveness during
differentiation [17]. The modulation of eosinophil function by IL-3 is one of the
mechanisms involved in allergic diseases [18,19]. Increased numbers of cells
expressing IL-3 mRNA have been found in broncho-alveolar lavage fluid from
patients with symptomatic allergic asthma compared to patients free of symptoms
[20]. In vitro, IL-3 enhances eosinophil chemotaxis, respiratory burst, degranulation,
cytotoxicity and leukotriene C4 production induced by a stimulus [21-24]. IL-3 is also
able to induce adhesion of eosinophils [25]. One of the adhesion molecules involved
is CD11b, the α subunit of Mac-1 [26]. In vitro, CD11b can be up-regulated on
eosinophils by IL-3 [27,28]. This up-regulation may be mediated by fast release from
intracellular stores or more slowly by de novo synthesis [29]. In vitro up-regulation of
CD11b by N-formyl-methionyl-leucyl-phenylalanine (fMLP) on eosinophils from
children with allergy is primed, probably by cytokines such as IL-3 [30].

In vitro IL-3 decreases buoyant density of eosinophils [24]. This phenomenem is
also believed to occur in vivo. High numbers of low density, so-called hypodense,
eosinophils have been isolated from the blood of patients with allergic asthma and
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hypereosinopilic syndromes [31-34]. These hypodense eosinophils express an
activated phenotype as shown by increased leukotriene C4 production, cytotoxic
capacity, and expression of surface receptors [33-35].

The in vitro effects of IL-3 on eosinophils may be different from the in vivo effects
of IL-3. In vivo production of other cytokines induced by rhIL-3 treatment, may
modulate activation of eosinophils [10,36]. The aim of the present study was to
evaluate whether activation or priming of eosinophils also occurs in vivo during rhIL-
3 treatment. Therefore, density and CD11b expression of eosinophils in ovarian
cancer patients who were treated with chemotherapy and rhIL-3 were investigated.
Neutrophils were also evaluated, although a direct effect on neutrophils is not
expected, since rhIL-3 may induce endogenous production of other cytokines [10,37].
In order to investigate whether priming of the inducible expression of CD11b
occurred, cells were incubated in vitro with fMLP and platelet-activating factor (PAF).

Materials and methods

Patients. Patients older than 18 years of age, with newly diagnosed stage IIc-IV ovarian

cancer according to the International Federation of Gynaecologists and Obstetricians (FIGO)

were eligible to participate in this study. Patients underwent optimal tumor reductive surgery

before the start of the chemotherapy, whenever possible. A leukocyte count of ≥33109/l and a

platelet count of ≥1003109/l was required at entry. Patients with severe heart, lung, liver

(serum bilirubin ≥40 mmol/l) and renal impairment (creatinine clearance <60 ml/min) were

excluded from the study, as were patients with a WHO performance score grade 3-4. Those

previously treated with chemotherapy, or on treatment with steroids, morphine, cimetidine

or other H2-histamine blockers were not eligible for the study, as were patients with a history

of serious allergies and those known to be hypersensitive to exogenous protein

administration.

Study design. Combination chemotherapy comprised 6 cycles of cyclophosphamide (750

mg/m2) and carboplatin (dose adjusted to creatinine clearance at 100 ml/min: 507 mg) both

administered day 1 on an outpatient basis. The dosing regimen of carboplatin was derived
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from Calvert et al. [38], and calculated for creatinine clearances between 60 and 190 ml/min

with steps of 10 ml/min. Cyclophosphamide (ASTA Pharma A.G., Frankfurt, Germany)

dissolved in 250 ml saline 0.9%, was administered intravenously (iv) over 15 min, carboplatin

(Bristol-Myers Squibb, Regensburg, Germany), dissolved in 250 ml dextrose 5%, was

administered iv over 30 min.

Eight patients participating in this study concerning eosinophil analysis were randomized

double blind to receive placebo or E. coli derived nonglycosylated rhIL-3 (2-103106 U/mg),

which was provided by Sandoz (Basel, Switzerland) in vials of 750 µg/ml. Placebo or rhIL-3

was reconstituted for subcutaneous (sc) administration with 1 ml of sterile water. After

instructions by the oncology nurse, placebo or rhIL-3 was self-administered sc in the upper

leg by the patient on an outpatient basis. RhIL-3 was given in a dose of 5 µg/kg body

weight/day (µg/kg/d). The injections started 2 days after chemotherapy (day 3) for 10 days.

Blood was drawn for differential counts, as well as the study of granulocyte density and

CD11b expression during the first cycle only, at day 1 (before chemotherapy, visit I), day 3

(start of rhIL-3 treatment, visit II) and 5 days after the start of rhIL-3 treatment (visit III). In

addition, six patients, who had received the same chemotherapy as mentioned above, were

entered. Three of these patients received rhIL-3 as an open label, and three received nothing

and were used as controls. Therefore a total of seven rhIL-3-treated patients and seven control

patients could be evaluated. The study was approved by the Medical Ethical Committee of

the University Hospital Groningen. Written informed consent was obtained from all patients.

Density determination. The density profiles of eosinophils and neutrophils were

determined using a previous described method [39]. Briefly, 6 ml ethylene diamine tetra acid

(EDTA) anticoagulated blood was diluted with an equal volume of 0.9% NaCl. This mixture

was subsequently layered on 6 discontinuous density gradients of isotonic Percoll (Pharmacia

LKB, Uppsala, Sweden). The gradients were centrifuged at 1000g for 20 min at room

temperature. The cells were carefully collected from each interface and excess Percoll was

removed by washing in sterile phosphate buffered saline (PBS). Contaminating erythrocytes

were lyzed by isotonic lysis with ice-cold ammonium chloride (155 mM NH4Cl, 10 mM

KHCO3, 0.1 mM EDTA). Subsequently, the cells were washed once and resuspended in PBS.

The leukocyte count in each fraction was quantified with a Coulter counter (Model S880,

Coulter Electronics Hialeah, Fla). Differential cell counts were determined by examining 200
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cells on cytocentrifuge preparations stained with May-Grünwald Giemsa stain. From these

data, the percentages of total neutrophils and eosinophils recovered at each density interface

were calculated. In our experiments with isotonic Percoll eosinophils and neutrophils with a

density of <1.085 g/ml were defined hypodense. This density was based on results from

healthy controls in which about 10% hypodense cells were found [39].

Percentages of eosinophils and neutrophils in blood were determined by counting 500 cells

on blood films after staining with May-Grünwald Giemsa stain. The eosinophil and

neutrophil counts in blood were calculated from these percentages and the total leucocyte

counts quantified with the Coulter counter.

Stimulation and labeling. Stimulation and labeling whole blood cells was performed as

described previously [30]. Samples of 1.5 ml EDTA-anticoagulated blood were washed twice

with excess PBS, at room temperature. Thereafter, the cells were resuspended in 1.5 ml PBS.

Portions of this suspension (100 µl) were added to 400 µl of Hanks’ balanced salt solution

(HBSS, GIBCO, Paisley, UK). These samples were incubated 15 min at 37°C, in the presence

of HBSS for measurement of constitutive expression or different concentrations of fMLP

(0.002 or 0.02 µM) or PAF (0.01 or 0.1 µM) for measurement of induced expression.

Reactions were stopped by adding ice-cold PBS, containing a 2.5% (vol/vol) solution of bovine

serum albumin solution (BSA, Organon Teknika, Boxtel, The Netherlands). After fixation

with 0.01% formaldehyde, the cells were incubated 15 min at room temperature with 10 µl

anti-CD11b (Becton Dickinson, Mountain View, CA) or control antibody of the same mouse

isotype (IgG2a, Central Laboratory of the Netherlands Red Cross Blood Transfusion Service,

Amsterdam, The Netherlands). This was performed in the presence of 10 µl of diluted human

AB-positive serum (20%) to prevent non-specific binding of antibody. After lysis of red blood

cells with lysis buffer (155 mmol/l NH4Cl, 10 mmol/l KHCO3, 0.1 mmol/l EDTA), each

sample was labeled 15 min with 50 µl fluorescein isothiocyanate-conjugated goat anti-mouse

immunoglobulin (GAM-FITC, Becton Dickinson, 20% vol/vol in PBS with BSA), in the

presence of 5% AB-serum. Flow cytometric analysis was performed within 4 h after staining.

Flow cytometry. Flow cytometric measurements were performed with a Becton-Dickinson

FACStar. Fluorescence gain was standardized with Quick Cell 3 beads (Flow Cytometry

Standards Co., San Juan, PR). Eosinophils and neutrophils were discriminated by means of



43Density and CD11b expression of eosinophils from ovarian cancer patients receiving rhIL-3 after chemotherapy

depolarized orthogonal light scattering as described previously [30,39,40]. In each sample,

10.000 events were analyzed. The mean specific fluorescence on neutrophils and eosinophils

was evaluated with a personal computer (Hewlett Packard) and the Lysis program (Becton

Dickinson). During evaluation neutrophils and eosinophils were gated based on forward

scatter/sideward scatter (FSC/SSC) and further discriminated by SSC and depolarized light

scattering.

Expression of specific receptors is presented as mean fluorescence intensity (MFI ± SEM),

after subtraction of the fluorescence with control antibody. Since CD11b expression shows a

great inter-individual variability [41], MFIs on visits II and III were calculated as a percentage

of MFI on visit I.

Statistical analysis. Differences between the visits were evaluated using the Student’s t-test

for paired samples. The Student’s t-test for independent samples was used to investigate

differences between rhIL-3 treated patients and controls.

Eosinophil counts were log-transformed before analysis. A

p-value below 0.05 was considered to be significant.

Results

Clinical manifestations. All patients receiving rhIL-
3 experienced fever, accompanied by headache, with
chills and myalgias. These symptoms subsided after
discontinuation of the rhIL-3 injections. These flu-
like symptoms were absent in the control patients.
No allergy-like side-effects were observed in this
group of patients.

Eosinophil and neutrophil number. At visit I, the
eosinophil counts (mean±SEM) in blood were similar
for patients treated with rhIL-3 (0.217±0.063 3109/l)
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Figure 1. Mean eosinophil counts before chemotherapy (visit I),

after chemotherapy (visit II), and after treatment (visit III) with con-

trol (●●) or 5.0 µg/kg/d rhIL-3 (■). A significant difference between

visit III and visit I is indicated by *. 
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and controls (0.204±0.048 3109/l). After chemotherapy, at visit II, a decrease in
eosinophil count was observed. At this time, the eosinophil count in the rhIL-3 group
was 0.189±0.38 3109/l and in controls 0.148±0.013 3109/l. At visit III the eosinophil
count in the rhIL-3 group increased to 0.419±0.139 3109/l, compared to visit II
(p=0.03). In contrast, the eosinophil counts in the control group at visit III further
decreased to 0.128±0.023 3109/l, which was lower than in the rhIL-3 group (Figure 1).

No differences were observed in the neutrophil counts before treatment between
the two groups (not shown). Two days after chemotherapy, at visit II, the neutrophil
counts were not significantly changed in both groups. At visit III a decrease in the
neutrophil count was found (p<0.05) compared to visit I. No significant difference
was observed between patients treated with rhIL-3 and control patients.

Eosinophil and neutrophil density. At visit I, 31±9% (n=5) and 35±8% (n=7) of the
eosinophils (mean±SEM) were found to be hypodense in the rhIL-3 and control
group respectively. Two days after chemotherapy (visit II), these percentages were not
significantly changed. At visit III, still no significant effect of chemotherapy on
eosinophil density was found, since the percentage of hypodense eosinophils was not
changed in the control group. In contrast, the patients treated with rhIL-3 showed
more than a doubling in the number of hypodense eosinophils; from 31±9% at visit I
to 69±15% at visit III (p<0.05). However, no significant differences were found
between the rhIL-3 and the control group (Figure 2).

Similar to eosinophils, the percentage of hypodense neutrophils increased from
29±9% at the start of the study to 68±9% (mean±SEM) after treatment with rhIL-3
(p<0.05). The percentage of hypodense neutrophils decreased at visit II in the control
group but this change was not significant. No significant differences were found
between the two groups (Figure 3).
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CD11b expression. As shown in Figure 4, the CD11b expression of eosinophils
(mean±SEM) increased after visit I in the rhIL-3 group, resulting in a significant
difference at visit III for these patients (359±62%) compared to the control group
(166±41%, p<0.05). The CD11b expression on neutrophils showed a pattern similar to
that observed for eosinophils (Figure 5). In the rhIL-3 group and the control group, a
significant increase was found on visits II and III, compared to visit I. This increase
was more pronounced in the rhIL-3 group than in the control group, resulting in a
higher relative CD11b expression at visit III (471±109%) compared to the control
group (166±23%, p<0.05).
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Figure 2. Percentage of hypodense eosinophils (density <1.093

g/ml or 1.085 g/ml, see Materials and Methods) before chemothera-

py (visit I), after chemotherapy (visit II), and after treatment (visit III)

with control (●●) or 5 µg/kg/d rhIL-3 (■). A significant difference

between visit III and visit I is indicated by *.
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Figure 3. Percentage of hypodense neutrophils (density <1.090

g/ml or 1.085 g/ml, see Materials and Methods) before chemothera-

py (visit I), after chemotherapy (visit II), and after treatment (visit III)

with control (●●) or 5.0 µg/kg/d rhIL-3 (■). A significant difference

between visit III and visit I is indicated by *.
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As shown in Figure 6, eosinophils from both groups showed an increased
expression of CD11b to PAF (0.1 and 0.01 µM) at visit II when compared to visit I
(NS). In the rhIL-3 group the relative expression of CD11b continued to increase to
211±99% (p<0.05) at visit III. Whereas for the control group a decrease was noted at
this visit. This difference between both groups at visit III did not reach statistical
significance. Similar results were found for 0.01 µM of PAF, in the rhIL-3 treated
group, the response of eosinophils at visit III was 426±180% of the response found at
visit I (not shown). After exposure of 0.2 µM or 0.02 µM fMLP no differences in
CD11b expression of eosinophils were observed for both groups.
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Figure 5. Expression of CD11b on neutrophils before chemo-

therapy (visit I), after chemotherapy (visit II), and after treatment

(visit III) with control (●●) or 5.0 µg/kg/d rhIL-3 (■). Results were

expressed as a percentage of the MFI found at visit I. A significant

difference between visit II or III and visit I is indicated by *. A

significant difference between the patients treated with rhIL-3 and

control is indicated by #.
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Figure 4. Expression of CD11b on eosinophils before chemo-

therapy (visit I), after chemotherapy (visit II), and after treatment

(visit III) with control (●●) or 5.0 µg/kg/d rhIL-3 (■). Results were

expressed as a percentage of the MFI found at visit I. A significant

difference between visit II or III and visit I is indicated by *. A

significant difference between the patients treated with rhIL-3 and

control is indicated by #.
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The response of neutrophils to 0.1 µM and 0.01
µM PAF tended to increase after visit I and remained
stable thereafter. This was the same for both groups.
Similar results were found for fMLP. The response of
neutrophils to 0.02 µM fMLP in the rhIL-3 group at
visit II was 129±21% of the response at visit I. This
response at visit III was 115±11% (n=6) of that at visit
I. This small increase at visit II and III was also found
in the control group, 115±27% and 121±22%
respectively. The increases compared to visit I,
however, were not significant. Minor responses were
found with 0.002 µM fMLP and only data of four
rhIL-3 treated patients could be obtained. Therefore,
these results were not further evaluated.

Discussion

In this study the effects of rhIL-3 treatment (5 µg/kg/d) after chemotherapy on
peripheral eosinophils and neutrophils compared to no rhIL-3 were evaluated.
Activation of these cells by rhIL-3 was assessed with quantitative methods. Despite
chemotherapy an increase in the eosinophil count was observed within 5 days after
the start of the rhIL-3 treatment, which was not observed in the control group. This is
in line with earlier studies. Aglietta, for instance, who analyzed rhIL-3 effects without
chemotherapy, reported an increased eosinophil count within 3 to 6 h after the first
IL-3 dose (0.25 to 10 µg/kg/d), followed by a dose dependent eosinophilia the next 7
days [42]. Biesma et al. showed that after the same chemotherapy as in the present
study, an increase in eosinophils was observed 3 days after the start of rhIL-3
administration (1 to 15 µg/kg/d) [10]. After 7 days of rhIL-3 (5 µg/kg/d)
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Figure 6. Expression of CD11b of eosinophils stimulated in vitro

with PAF (0.1 µM) before chemotherapy (visit I), after chemotherapy

(visit II), and after treatment (visit III) with control (●●) or 5.0

µg/kg/d rhIL-3 (■). Results were expressed as a percentage of the

PAF-stimulated MFI found at visit I. A significant difference between

visit III and visit I is indicated by *.
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administration and chemotherapy a 408% increase in eosinophils was observed [13].
After 5 cycles chemotherapy plus rhIL-3 this increase in eosinophil count was
diminished but still present [13].

In the current study, before chemotherapy, 30 to 35% of eosinophils were found to
be hypodense, compared to 10% in healthy controls [39]. Increased numbers of
hypodense eosinophils have also been observed in patients with malignant diseases
[33,34]. All patients underwent surgery for their ovarian cancer, which may also have
affected the number of hypodense eosinophils at the start of the treatment. A further
increase of the percentage of hypodense eosinophils was only observed in patients
who received rhIL-3. This showed that rhIL-3 enhances the effector function of
eosinophils. However, the density of eosinophils alone is not conclusive for their
activational state, since immature, non-activated, eosinophils can also have a
decreased density [43]. A decreased eosinophil density in vivo has also been reported
after treatment with rhIL-2 [44,45]. This is probably mediated by endogenous IL-5
production [46-48], indicating a similarity between the in vivo effects of IL-3 and IL-5,
which are both involved in allergic inflammation [18].

The percentage of hypodense neutrophils also increased during rhIL-3 treatment
compared to before chemotherapy. Increased numbers of hypodense neutrophils have
been reported in allergic rhinitis and rheumatoid arthritis [49,50] and these
neutrophils appeared to be activated as shown by increased myeloperoxidase activity,
chemotaxis, and complement-dependent cytotoxicity [51-53].

Constitutive CD11b expression of eosinophils and neutrophils was increased after
5 days of rhIL-3 administration and in the control group. However, significantly more
pronounced in the rhIL-3 group (p<0.05). In vitro experiments have shown that IL-3
is able to enhance the constitutive CD11b expression on eosinophils [27,28].
Therefore, this increased CD11b expression may indicate in vivo activation of
eosinophils and neutrophils by rhIL-3. The up-regulation of CD11b can be mediated
by rapid release from intracellular stores and de novo synthesis as was shown by in
vitro work reporting the effects of GM-CSF on neutrophils [29]. The mechanisms by
which IL-3 increases CD11b on eosinophils are probably similar because rapid up-
regulation within 1 h [28] as well as slow up-regulation during 1 day [27] have been
observed. Up-regulation of CD11b on eosinophils has also been described during
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rhIL-2 therapy [27]. In contrast to eosinophils, in vitro experiments have shown no
direct effects of IL-3 on neutrophil CD11b expression [17]. Therefore, the increase of
CD11b on neutrophils during rhIL-3 treatment may be due to other endogenous
produced cytokines. TNF-alpha plasma levels are slightly increased during rhIL-3
administration and TNF-alpha secretion by monocytes is enhanced during rhIL-3
treatment [10, 36]. In vitro, TNF does increase CD11b expression on neutrophils in
vitro [28]. This could explain an indirect effect of rhIL-3 on neutrophil CD11b
expression.

Apart from the constitutive CD11b expression, the inducible expression of CD11b
on eosinophils was also increased by rhIL-3 treatment. It enhanced or maintained
priming of eosinophils and not that of neutrophils. So, rhIL-3 selectively primes
eosinophils in vivo for PAF-induced CD11b up-regulation.

The observed increased activity and priming of eosinophils may be involved in the
development of rhIL-3 related side-effects such as urticaria and facial erythema
[10,19,54,55]. This is supported by the finding that urinary leukotrienes excretion was
increased during treatment with rhIL-3 [56]. To obtain consistent data, results were
obtained in the first chemotherapy cycle. However, in this particular period, no
allergy-like side effects were observed. In previous studies, most allergy-like side
effects were observed after 2 or more cycles of chemotherapy and rhIL-3
administration [10,13,16]. An explanation for this may be the fact that priming has to
occur first, before rhIL-3 is able to stimulate eosinophils in susceptible individuals.
This may consequently result in rhIL-3 related allergy-like symptoms. Other factors
could also be involved. A separate role for basophils, another potentially important
effector cell of hypersensitivity reactions, in causing these allergy-like side-effects
cannot be excluded. Histamine release of basophils has been shown to be inducible by
IL-3 [57]. This was also reported in allergic asthmatic patients [58]. Chemotherapy
alone and especially platinum based compounds may also result in hypersensitivity
reactions [59,60]. These reactions occur in general during or shortly after the
chemotherapy, while the rhIL-3 related side-effects occur many days later during
rhIL-3 treatment.

In conclusion, this study showed that rhIL-3 administered after chemotherapy
increased eosinophil numbers and induced an activated and primed phenotype of
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eosinophils. And it furthermore demonstrated that the effects of rhIL-3 on
eosinophils found in vitro are similar to the effects found in vivo. This supports the
role of IL-3 in the modulation of eosinophil function in allergic diseases.
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Abstract

Purpose. To define the optimal recombinant human interleukin-3 (rhIL-3) dose
required to intensify the dose of carboplatin and cyclophosphamide chemotherapy for
primary advanced epithelial ovarian cancer.

Patients and Methods. Seventeen patients were treated on day one with carboplatin
(dose adjusted for creatinine clearance, range 257-385 mg/m2, median 300 mg/m2)
and cyclophosphamide (750 mg/m2). RhIL-3 5 µg/kg/day (n=10) or 10 µg/kg/day
(n=7) was administered subcutaneously on days 2 through 11. Carboplatin dose was
to be escalated if no postponement of cycle 1-3 had occurred.

Results. A three week chemotherapy interval could be achieved in 62% of the cycles
and within a four week interval in 81%, with no difference between the two rhIL-3
doses. A neutrophil nadir less than 0.53109/l occurred in 35% of the cycles at 5
µg/kg/day rhIL-3 and in 52% at 10 µg/kg/day (N.S.). The mean platelet nadir in cycle 1
was 173±78 3109/l at 5 µg/kg/day rhIL-3 and 340±152 3109/l at 10 µg/kg/day rhIL-3
(p<0.05), with a faster recovery of platelets at 10 µg/kg/day (p<0.05). Progressive
myelotoxicity occurred for leukocytes and platelets at both rhIL-3 doses, and required
chemotherapy postponement in later cycles. The planned six cycles were completed by
41% of the patients. Fever (≥ 38.5°C) occurred in 38% of the cycles at 5 µg/kg/day rhIL-
3 and in 97% at 10 µg/kg/day (p<0.0005). Headache and myalgias occurred in 30%
and 44% of the cycles on 5 and 10 µg/kg/day rhIL-3, respectively. After two cycles,
diffuse erythema, facial edema and urticaria was observed in two patients at 5
µg/kg/day and in five patients at 10 µg/kg/day rhIL-3. These side effects resolved after
discontinuation of rhIL-3 and administration of corticosteroids and antihistamines.

Conclusion. A dose of 5 µg/kg/day rhIL-3 proved to be optimal to intensify the
carboplatin and cyclophosphamide regimen. It permitted the administration of
carboplatin and cyclophosphamide combination therapy every three weeks in 62% of
the cycles.
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Introduction

Platinum-derived and alkylating agents are important drugs in primary advanced
ovarian carcinoma [1]. Although cisplatin has been the mainstay of treatment in
advanced ovarian carcinoma, its use is limited by nephro-, neuro- and ototoxicity [1-
4]. Carboplatin, on the other hand, has shown equal activity, as compared to
cisplatin, while being better tolerated with less nephro- and neurotoxicity, at the cost
of dose-limiting myelosuppression (5-7). Several hemopoietic colony-stimulating
factors are able to ameliorate myelosuppression by accelerating bone marrow
restoration [8-11]. A reduction in chemotherapy related neutropenia has been
demonstrated for granulocyte (G-CSF) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) [12, 13]. Some studies have also suggested an effect for
GM-CSF on platelets [14-17]. Compared to these cytokines, recombinant human
interleukin-3 (rhIL-3) in vitro showed a stimulation of uncommitted progenitors [18-
21]. Multilineage haemopoietic effects were observed in patients with normal bone
marrow function and in patients with advanced malignancies and bone marrow
failure [22-25]. Studies with rhIL-3 administered to patients receiving chemotherapy
also showed some rhIL-3 induced platelet stimulation [26, 27]. In ovarian carcinoma
patients who received rhIL-3 on alternate cycles, less chemotherapy delay occurred
after a cycle in which rhIL-3 was administered [27]. Little, however, is known about
the effects of rhIL-3 administered for multiple consecutive chemotherapy cycles.

In the present study rhIL-3 was administered at two potential optimal dose-steps 
(5 µg/kg/day and 10 µg/kg/day) for six consecutive chemotherapy cycles in previously
untreated patients with advanced ovarian carcinoma. Dose intensification was
attempted by reducing the chemotherapy interval from standard four to three weeks.
Carboplatin dose was escalated in patients who showed no delay in the
administration of chemotherapy in the initial three cycles.
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Methods

Patients. Seventeen consecutive patients, between 18 and 70 years of age, with newly

diagnosed stage Ic-IV ovarian cancer according to the International Federation of

Gynecologists and Obstetricians (FIGO) and who were eligible for treatment with

chemotherapy were entered in the study between June 1992 and August 1993. Patients

underwent optimal tumor reductive surgery before the start of the chemotherapy, whenever

possible. A leukocyte count of ≥33109/l and a platelet count of ≥1003109/l was required at

entry. Patients with severe heart, lung, liver (serum bilirubin ≥40 mmol/l) and renal

impairment (creatinine clearance <60 ml/min) were excluded from the study, as were patients

with a WHO performance score grade 3-4. Those previously treated with chemotherapy, or on

treatment with steroids, morphine, cimetidine or other H2-histamine blockers were not

eligible for the study.

Study design. Combination chemotherapy comprised six cycles of cyclophosphamide (750

mg/m2) and carboplatin (dose adjusted to creatinine clearance: 60-80 ml/min: 257 mg/m2,

80-120 ml/min: 300 mg/m2, 120-140 ml/min: 340 mg/m2 and >140 ml/min: 385 mg/m2)

both administered day 1 on an outpatient basis. The dosing regimen of carboplatin, based on

carboplatin clearance, was derived from Calvert et al.[28] and modified according to

Lindegaard et al.[29] with stratification in four cohorts. Cyclophosphamide (ASTA Pharma

A.G., Frankfurt, Germany) dissolved in 250 ml saline 0.9%, was administered intravenously

(iv) over 15 min, carboplatin (Bristol-Myers Squibb, Regensburg, Germany), dissolved in 250

ml dextrose 5%, was administered iv over 30 min.

E. coli derived nonglycosylated rhIL-3 (2-103106 U/mg) was provided by Sandoz (Basel,

Switzerland) in vials of 300 µg/ml. RhIL-3 was reconstituted for subcutaneous (sc)

administration with 1 ml of sterile water. After instructions by the oncology nurse, rhIL-3 was

self-administered sc in the upper leg by the patient on an outpatient basis. The patients were

randomized to receive 5 or 10 µg/kg/day rhIL-3, for 10 days, starting 24 hours after

chemotherapy administration.

Chemotherapy was scheduled every three weeks. The next chemotherapy cycle was postponed

up to a maximum of four weeks if insufficient recovery was observed (leukocytes <33109/l

and/or platelets <1003109/l), but the chemotherapy dose was not reduced. Platelet
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transfusion was given if platelets were below 203109/l and/or if a bleeding tendency was

observed. The dose of carboplatin was escalated by 33% if chemotherapy was not delayed in

the three initial cycles and when platelet nadir had not been below 403109/l. This escalated

dose was administered in the fourth cycle, and continued in the following cycles.

All side effects were scored according to WHO criteria. Acetaminophen (maximum 3 g/day)

was administered for headache, fever ≥ 38.5°C (measured axillary), or myalgias. A patient was

taken off study when tumor progression was observed or when non-hematological WHO

grade III-IV toxicity occurred.

Physical examination, blood and differential counts were performed on day 1, 8, 15 and 22 of

each cycle. Liver and renal function tests and serum levels of Na, K, Ca, total protein and

albumin were determined on the same days. Evaluation of tumor parameters was performed

before treatment and after six cycles according to WHO criteria.

The study was approved by the Medical Ethical Committee of the University Hospital

Groningen. Written informed consent was obtained from all patients.

Statistical analysis. The two tailed Student’s t-test was used to compare mean values of

hematological parameters, area under curve (AUC) and chemotherapy interval. Spearman

rank analysis was used to calculate correlation coefficients between the number of

chemotherapy cycles and platelet nadir or chemotherapy interval. The chi-square test for

small numbers was used to test differences between both dose steps with regard to: the reason

for chemotherapy postponement, frequencies of side effects, neutrophil nadir and tumor

response. P-values less than 0.05 were considered significant. Unless otherwise stated, the two

tailed Student’s t-test was applied.
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Results

Patient characteristics. The median age of the patients entered in this study was 54
years (range 28-68 years). Ten patients received 5 µg/kg/day rhIL-3 and seven patients
received 10 µg/kg/day rhIL-3. Seven patients were initially entered at each dose step.
In view of the toxicity pattern additional patients were entered at the lowest dose. The
dose of carboplatin was escalated in four patients. It was, however, not performed in
additional eligible patients due to the observed side effects in the escalated cycles.
Seven patients actually completed six chemotherapy cycles with rhIL-3 support while
ten patients prematurely discontinued the study. Six patients discontinued the study
due to side effects of rhIL-3 administration, while two patients stopped due to
progressive disease. In the last phase of the study patients were hospitalized for
observation after cycle two because of the observed urticaria combined with edema of
the lips, eyelids and extremities. Two patients wanted to continue to receive their
treatment on an outpatient basis, therefore necessitating the cessation of rhIL-3
treatment. Further details concerning both groups are shown in Table 1.

Table 1. Patient characteristics.

rhIL-3 dose 

(µg/kg/day)

5 10

Number of patients 10 7

Median age in years (range) 57 (40-68) 52 (28-62)

Creatinine clearance (ml/min, mean±SD) 82±33 94±22

Carboplatin dose (mg/m2, mean±SD) 296±12 293±27

Disease classification (FIGO):

Ic 1 0

II 2 3

III 6 2

IV 1 2
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Hematological recovery. Seventy-four cycles with rhIL-3, 43 on 5 µg and 31 on 10
µg/kg/day rhIL-3, were evaluated for hematological effects. Table 2 illustrates the
chemotherapy interval. Taken together: in 46 out of 74 cycles (62%) chemotherapy
could be given after a three week interval, and in 60 out of 74 cycles (81%) it could be
given after a four week interval. The effect of 5 or 10 µg/kg/day rhIL-3 was
comparable with regard to chemotherapy interval.

Table 2. Length of chemotherapy interval at 5 and 10 µg/kg/day rhIL-3

(including carboplatin escalated cycles).

rhIL-3 dose

(µg/kg/day)

5 10

Chemotherapy interval (weeks) Number of cycles (%)

3 25 (58) 21 (68)

4 10 (23) 4 (13)

5 4 (9) 2 (6)

6 3 (7) 3 (10)

7 1 (2) 1 (3)

Table 3 lists the reasons for chemotherapy postponement. In 28 out of 74 cycles
the interval was longer than three weeks. This was due to insufficient platelet recovery
in 16 cycles and insufficient leukocyte recovery in 10 cycles, while in two cycles both
platelets and leukocytes had not fully recovered. In four patients, in whom
chemotherapy could be given on time in the initial three cycles, carboplatin dose was
escalated in the fourth cycle. All of these patients (one on 5 and three on 10
µg/kg/day rhIL-3) experienced worsening of the constitutional symptoms during
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rhIL-3 treatment, namely, fever, headache and myalgias. Furthermore, erythematous
and urticarial skin reactions were observed in the escalated cycles, leading to
premature discontinuation of the rhIL-3 in one patient (5 µg/kg/day rhIL-3) due to
generalization of the urticaria. Two of the patients at 10 µg/kg/day rhIL-3 showed no
chemotherapy delay, whereas the third had a delay of one week in the escalated cycle.
This was comparable to the hematological recovery observed in the non-escalated
cycles. Although there were no major differences in hematological recovery between
escalated and non-escalated cycles, the results of the escalated cycles were not used in
the calculations of mean blood counts shown in figures 1 and 3 to 7.

There is a gradual decrease in mean platelet nadir from cycle 1 to cycle 6 due to
progressive myelotoxicity (Figure 1), also expressed by the gradual increase in
chemotherapy cycle length (Figure 2). Based upon both this gradual decline in cell
numbers and the small number of patients left in cycle six, it was determined that
comparison of cycle one and cycle five would be the most representative for
evaluating dose effects in this study.

Table 3. Reasons for chemotherapy postponement (including escalated cycles).

rhIL-3 dose

(µg/kg/day)

5 10

Reason for postponement Number of cycles (%)

Platelets <100 3109/l 12 (67) 4 (40)

Leukocytes <3 3109/l 6 (33) 4 (40)

Platelets <100 3109/l &

Leukocytes <3 3109/l 0 (0) 2 (20)
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Leukocytes reached a nadir in the first cycle of (mean±SD) 3.16±1.65 3109/l and
3.49±1.32 3109/l for 5 and 10 µg/kg/day rhIL-3 respectively (NS). The neutrophil
nadir count, as shown in Figure 3, was 0.83±0.55 3109/l and 1.26±1.00 3109/l for 5
and 10 µg/kg/day rhIL-3, respectively (NS). The leukocyte nadir was lower in the fifth
cycle: 1.83±0.29 3109/l (nadir cycle 1 vs cycle 5, p<0.05) and 1.45±0.25 3109/l (nadir
cycle 1 vs nadir cycle 5, NS) for 5 and 10 µg/kg/day rhIL-3, respectively. The leukocyte
nadir in the fifth cycle did again not differ for 5 and 10 µg/kg/day rhIL-3. The AUC
for leukocytes showed a significant decrease in the fifth cycle compared to the first
cycle (Table 4). The neutrophil nadir in the fifth cycle was 0.64±0.38 3109/l and
0.22±0.09 3109/l for 5 and 10 µg/kg/day rhIL-3, respectively (NS between rhIL-3 dose
steps). Nadir of leukocytes and neutrophils was observed about two weeks after
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Figure 1. Mean platelet nadir counts at 5 (●●) and 10 µg/kg/day

rhIL-3 (●) in cycle one to cycle six (r=-0.84, p<0.05 at 5 µg/kg/day

rhIL-3, respectively, and r=-0.89, p<0.05 at 10 µg/kg/day rhIL-3,

Spearman rank analysis).
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Figure 2. Mean chemotherapy interval for patients at 5 (❚❚) and 10

µg/kg/day rhIL-3 (❚) in cycle one to cycle six (including escalated

cycles). The numbers above the bars indicate the number of partici-

pating patients receiving rhIL-3 in that cycle (r=0.90, p<0.05 at 5

µg/kg/day rhIL-3 and r=0.88, p<0.05 at 10 µg/kg/day rhIL-3,

Spearman rank analysis).
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Figure 3. Mean neutrophil counts in patients at 5 (●/●●) and 10

µg/kg/day rhIL-3 (■/■■) in cycle one (●/■) and cycle five (●●/■■).
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Figure 4. Mean basophil counts in patients at 5 (●/●●) and 10

µg/kg/day rhIL-3 (■/■■) in cycle one (●/■) and cycle five (●●/■■).

Days

Eosinophils (x109/l)

0

0.2

0.4

0.6

0.8

1 8 15 22

Figure 5. Mean eosinophil counts in patients at 5 (●/●●) and 10

µg/kg/day rhIL-3 (■/■■) in cycle one (●/■) and cycle five (●●/■■).
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Figure 6. Mean platelet counts in patients at 5 (●/●●) and 10

µg/kg/day rhIL-3 (■/■■) in cycle one (●/■) and cycle five (●●/■■).
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chemotherapy in the first cycle and fifth cycle. Neutrophil nadir below 0.5 3109/l was
observed in 15/43 (35%) and 16/31 (52%) cycles (NS) for 5 and 10 µg/kg/day rhIL-3,
respectively. No clinically or bacterially proven infection occurred, nor was
neutropenic fever observed at both dose steps.

Table 4. Area under curve (blood count x days) for peripheral blood cells in cycle one and cycle five 

(% compared to cycle 1).

rhIL-3 dose Cycle Leukocytes Neutrophils Basophils Eosinophils Platelets

(µg/kg/day)

5 1 99 49 0.46 5.6 4,882

5 55 36 0.15 2.2 2,898

(56) (73) (33) (39) (59)

10 1 118 78 1.25 14.0 7,084

5 44 20 0.26 1.5 2,686

(37) (26) (21) (11) (38)

An initial decrease in basophils was observed in the first cycle for both groups; with
its nadir about seven days after chemotherapy. Basophils increased subsequently
while neutrophils and platelets decreased, but the number of basophils never
exceeded 0.2 3109/l (Figure 4). An impressive effect was observed on eosinophil
counts (Figure 5). The number of eosinophils increased from 0.12±0.12 3109/l before
chemotherapy to 0.61±0.41 3109/l after one week (p<0.02 versus day 1) and from
0.20±0.10 3109/l to 0.74±0.49 3109/l (NS versus day 1) for 5 and 10 µg/kg/day rhIL-
3, respectively (408 and 254% increase for 5 and 10 µg/kg/day rhIL-3, respectively).
They returned to baseline values at the end of the first cycle. This increase during
rhIL-3 treatment was still present but smaller in the fifth cycle. As was the case for
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leukocytes, there was a decrease in neutrophils, basophils and eosinophils as expressed
by mean AUC in the fifth cycle as compared to the first cycle (Table 4). There was,
however, no statistically significant difference between both rhIL-3 dose steps.

The platelet nadir in the first cycle, as shown in Figure 6, occurred one week after
chemotherapy for patients on 10 µg/kg/day rhIL-3, and was 266±111 3109/l, and
after two weeks for patients on 5 µg/kg/day rhIL-3 with a mean of 173±78 3109/l
(nadir difference NS between dose-steps). Platelet recovery was seen earlier for those
on 10 µg/kg/day rhIL-3 than for patients on 5 µg/kg/day rhIL-3 in the first cycle (day
15, p<0.05 between dose steps). In the fifth cycle the platelet nadir occurred two
weeks after chemotherapy at the 5 µg/kg/day rhIL-3 dose level and around day 22 for
those on 10 µg. When cycle one and five were compared there appeared to be
progressive myelotoxicity for platelets, as expressed by AUC (Table 4). Platelet
transfusion was given only once. This was administered to a patient who received an
escalated dose of carboplatin in the fourth cycle on 10 µg/kg/day rhIL-3 for platelets
<20 3109/l without showing a bleeding tendency.

Tumor response. Four and five patients at 5 and 10 µg/kg/day rhIL-3, respectively,
showed a complete response to treatment. Four patients showed a partial response
and two showed progressive disease at the lowest rhIL-3 dose. There was one patient
with stable disease and one with progressive disease at 10 µg/kg/day rhIL-3 (NS
between 5 and 10 µg/kg/day rhIL-3 dose, Chi-square).

Side-effects of treatment. Seventy-nine cycles, 46 at 5 µg and 33 at 10 µg/kg/day
rhIL-3, were evaluable for toxicity. A summary of the side-effects is given in Table 5.
Fever, headache, rash and myalgias were reported more often by those patients
receiving a dose of 10 µg/kg/day rhIL-3. These symptoms responded well to
acetaminophen administration. Facial flushing was observed exclusively after the first
rhIL-3 administration. Urticaria occurred in eight cycles for five patients, urticaria
combined with edema of the lips, the eyelids, and the extremities was observed in
seven cycles. Conjunctivitis was reported in five cycles. Two patients experienced a
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subjective feeling of dyspnea, and one patient had atypical chest pain shortly after the
first rhIL-3 administration. Physical examination and electrocardiography revealed no
abnormalities. These symptoms all resolved after discontinuation of the rhIL-3
injections. The rhIL-3 administration was discontinued prematurely in nine cycles
because of side-effects. It concerned three cycles in two patients at 5 µg and six cycles
in five patients at 10 µg/kg/day rhIL-3. Erythema, urticaria and facial edema were,
either alone or in combination, the most frequent reasons for discontinuing the rhIL-
3. These reactions subsided quickly after administration of corticosteroids and
antihistamines. No recurrences were observed in patients in whom rhIL-3 was
discontinued while chemotherapy was continued. Two patients who had experienced
urticaria during treatment were rechallenged with rhIL-3 and chemotherapy without

Table 5. Side effects of treatment (including escalated cycles).

rhIL-3 dose 

(µg/kg/day)

5 10

Symptoms Number of cycles (%)

Fever WHO grade I-II 18 (39) 32 (97) *

Headache and myalgias 14 (30) 14 (42)

Conjunctivitis 4 (9) 1 (3)

Facial erythema/flushing 3 (7) 4 (12)

Generalized erythema 6 (13) 15 (45) **

Urticaria 3 (7) 5 (15)

Facial edema 3 (7) 5 (15)

Dyspnea 0 (0) 2 (6)

Atypical chest pain 0 (0) 1 (3)

* p < 0.0005 (5 µg/kg/day rhIL-3 vs 10 µg)

** p < 0.005 (5 µg/kg/day rhIL-3 vs 10 µg), Chi-square
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recurrences. The mechanism of these side effects remains obscure; histamine and
histamine metabolites determined in urine samples and complement factors in blood
samples of these patients were within the normal range. The eosinophil and basophil
counts from these patients did not differ from patients without these phenomena.
These, more serious, reactions were all observed after the initial two courses. In the
first two cycles, apart from fever and headache, only flushing, conjunctivitis and some
edema of the hands was observed. The patients who received an escalated dose of
carboplatin all experienced erythematous and urticarial skin reactions (NS compared
to non-escalated cycles).

Discussion

In the present study rhIL-3 was administered for maximally six consecutive cycles.
The chemotherapy interval was shortened to three weeks in 62% of the assessable
cycles. In 81% of the cycles chemotherapy could still be given within four weeks.
Compared with previous studies, an indicative dose intensification could be reached
by addition of rhIL-3. In a study with the same chemotherapy regimen, Biesma et al.
found that chemotherapy postponement was necessary due to prolonged
myelotoxicity in 48% of four-week cycles without growth factor support [27]. Longer
chemotherapy intervals were observed in another study with the same regimen in
patients treated without growth factor support [17]. In our study, there was a faster
platelet recovery in the first cycle at 10 µg/kg/day rhIL-3 than at 5 µg/kg/day. This
effect disappeared in the fifth cycle. RhIL-3 effects on other peripheral blood cells
were not dose related. D’Hondt reported a rhIL-3 dose dependent increase in platelet
and neutrophil recovery [30]. Biesma et al. could not demonstrate a rhIL-3 dose
related effect on leukocytes and in platelets [27].

In our study, rhIL-3 administration in consecutive chemotherapy cycles was
studied. As a result of progressive myelotoxicity, e.g. for platelets (Figure 1), a gradual
increase was observed in chemotherapy interval (Figure 2). However, compared to
other studies that have used the same chemotherapy regimen [17, 27], fewer platelet
transfusions were required in this setting. Dose escalation of carboplatin did not
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prove to be successful due to an increased frequency of side effects in these cycles, i.e.
all patients experienced erythematous and urticarial skin reactions. However, no
statistical significance could be reached concerning the frequencies of side effects in
carboplatin escalated cycles compared to non-escalated cycles. Probably this was
purely coincidental, because dose escalation of carboplatin was performed after the
third cycle and most rhIL-3 related side effects occurred after several cycles. No major
differences were observed in hematological recovery in carboplatin escalated cycles as
compared to non-escalated cycles.

The small sample size does not allow firm conclusions, but a complete pathological
response rate of nine out of 17 patients is in accordance with results reported by
others [31,32].

The toxicity profile of rhIL-3 observed in this study was almost identical to that
reported by others [26,27,30,33-35]. However, an increase in the severity of toxicity
was observed during rhIL-3 treatment over several cycles. Side effects were tolerable,
without necessity to stop rhIL-3 treatment in the first two cycles. Erythema, urticaria
and edema, were reasons to terminate treatment with rhIL-3 from the third cycle
onwards. This pattern of increasing toxicity was not observed in a study performed
with 26 patients treated with the same chemotherapeutic regimen and rhIL-3
administered in three cycles, alternated with cycles without growth factor support
[27]. Previous work showed that IL-3 may be involved at various levels of allergic
inflammation [36-39]. In preclinical and clinical studies it was shown that basophils
incubated in vitro with rhIL-3 released histamine [40-43]. Furthermore, rhIL-3
induced enhanced formation of basophils and eosinophils [42] and a morphological
change of eosinophils characteristic for activation [44]. No increased histamine
release was found in urine samples in other studies [22-25, 27]. In our study there was
a rapid resolution of the side effects after administration of corticosteroids and
antihistamines. The absolute number of eosinophils increased during treatment with
rhIL-3. Basophils, although less pronounced than eosinophils, were detectable in
peripheral blood even after several chemotherapy cycles. Histamine and histamine
metabolite urine levels as well as serum complement factors remained within the
normal range in patients experiencing allergic phenomena. However, the more serious
side effects were all observed after more than two cycles, while the increase in
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eosinophils was gradually blunted. Basophils were present in all cycles during rhIL-3
treatment in higher concentrations than would be expected during treatment with
chemotherapeutic agents alone. Redistribution or consumption can not be excluded
with respect to the initial decrease in basophils in the first cycle. Platinum
compounds are known to cause allergic reactions, especially shortly after
administration [45]. In the present study, a potential involvement of the chemo-
therapeutic drugs in allergic reactions can not be excluded. Rechallenging with
carboplatin and cyclophosphamide in two patients after premature discontinuation
of rhIL-3 was uneventful.

In this phase I study, an indicative dose intensification of carboplatin/
cyclophosphamide regimen could be achieved by addition of rhIL-3, without a
difference in hematological efficacy between 5 and 10 µg/kg/day rhIL-3. A lower rate
of side effects was reported for patients receiving 5 µg/kg/day rhIL-3, but the nature
of the side effects still remains unclear. Additional studies are in progress to elucidate
the mechanism of these side effects, in order to develop prophylactic measures for the
future. A phase III study is currently being performed to evaluate the effects of rhIL-3
on dose intensity of chemotherapy.
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Summary

The tolerability and efficacy of four courses of paclitaxel, ifosfamide plus cisplatin every
3 weeks was evaluated in patients with residual or refractory ovarian cancer.
Additionally, supportive hematologic effects of recombinant human interleukin-3
(rhIL-3) and recombinant human granulocyte colony-stimulating factor (G-CSF) were
studied. Paclitaxel starting dose was 135 mg/m2 (day 1), ifosfamide dose 1.2 g/m2/day
(days 2-4) and cisplatin dose 30 mg/m2/day (days 2-4). All 16 patients received 5.0
µg/kg/day G-CSF (days 7-16), in addition eight patients received 10 µg/kg/day rhIL-3
(days 5-9). Paclitaxel and ifosfamide doses were reduced when grade IV hematological
toxicity occurred. In the absence of grade IV hematological toxicity and normal
recovery of hematopoiesis paclitaxel dose was escalated. Toxicity was evaluable in 56
courses, hematological effects in 52. Despite anti-emetic treatment nausea and
vomiting (≥ grade I) occurred in 50 courses. Five patients had persisting peripheral
neuropathy. Renal and liver function were not affected. Grade IV neutropenia occurred
in 12/52 courses, with neutropenic fever in two patients, who both died due to a fatal
septicaemia. Grade IV thrombocytopenia without bleeding was observed in 15 courses.
Grade IV hematological toxicity was associated with hepatic metastases and
concurrent increases in alkaline phosphatase (p<0.001) and gamma glutamyl
transferase (p=0.007). No relation was found between hematological toxicity and
pharmacokinetic parameters of paclitaxel. Patients treated with rhIL-3 showed a
tendency to a faster platelet recovery (not affecting platelet nadir), and the cisplatin
dose-intensity was higher (p=0.025). Six of the nine evaluable patients had a tumour
response. The overall median progression free survival was 7 months, the overall mean
survival was 13 months. In conclusion, this potential interesting combination as
second line treatment showed a low tolerability with unexpected mortality, while rhIL-3
administration tended to induce a more rapid platelet recovery.
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Introduction

The prognosis of patients with advanced epithelial ovarian cancer is poor and long-
term survivors are scarce. This has urged the continuous search for new therapies. In
this respect, paclitaxel is an interesting drug which has been added recently to the
armamentarium against ovarian cancer. It is non-cross resistant with cisplatin in vitro
[1] and in vivo [2] and it has an unique mechanism of action by which cell growth is
inhibited.

Increased response rates after dose intensified paclitaxel administration have been
suggested by several phase I-II studies [3,4]. Neutropenia is the most frequent dose
limiting hematological toxicity after paclitaxel [5]. Granulocyte colony-stimulating
factor (G-CSF) administration following paclitaxel resulted in reduction of
neutropenic episodes, including nadir depth, which allowed increases in paclitaxel
dose [4,6,7]. Combination of paclitaxel with other effective chemotherapeutic drugs
might be an alternative approach to improve response rates. A rational step would be
to combine paclitaxel with cisplatin, the most active agent in ovarian cancer. In vitro,
this combination has demonstrated marked synergism [8] in a sequence-dependent
way [9,10]. Recently, improved response rates, disease free survival and overall survival
were demonstrated after paclitaxel and cisplatin combination therapy in first line
treatment for ovarian cancer compared to cisplatin and cyclophoshamide [11].

We designed a feasibility study as second-line treatment for patients with residual
or relapsing ovarian cancer. Paclitaxel was combined with cisplatin and ifosfamide, as
the latter has demonstrated activity in cisplatin-resistant ovarian cancer [12,13]. In
order to reduce dose-limiting neutropenia all patients received recombinant-
methionyl human G-CSF. Thrombocytopenia, uncommon after paclitaxel alone, was
expected because of the addition of ifosfamide to the chemotherapeutic regimen.
Therefore the effects of the addition of recombinant human interleukin-3 (rhIL-3)
were evaluated in a randomised way versus G-CSF alone. Preclinical [14-16] and
clinical studies [17-19] have demonstrated that rhIL-3 is a stimulator of
thrombopoiesis. The combination of rhIL-3 and G-CSF acts synergistically in
stimulating hematopoiesis in vitro [20-21]. It is postulated that rhIL-3 induced
stimulation of immature non-committed hematopoietic cells results in increased
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numbers of more committed hematopoietic cells responsive for G-CSF. Based on
these preclinical observations rhIL-3 was administered before G-CSF. Paclitaxel
pharmacokinetic assessment was performed in the last seven patients after
unpredictable hematological toxicity had occurred.

In this paper the tolerability, feasibility and efficacy of a novel paclitaxel-based
combination therapy is presented, and in addition, the value of the addition of rhIL-3
prior to G-CSF is described.

Patients and methods

All patients, age 18-75 years, had histology proven epithelial ovarian carcinoma, had

undergone appropriate surgical staging and debulking whenever possible and had received

first-line, platinum containing, chemotherapy. Patients with residual disease after or

progressive disease during first-line chemotherapy, and patients with recurrences within one

year after the last chemotherapy regimen were eligible. A maximum of two prior

chemotherapy regimens was permitted, and patients had to have an evaluable tumour. A

leukocyte count of ≥33109/l and a platelet count of ≥1003109/l were required at entry.

Patients with severe heart, lung, liver (serum bilirubin ≥40 µmol/l) and renal impairment

(creatinine clearance <60 ml/min) were excluded from the study, as were patients with a

WHO performance score grade III-IV and those with atopy or any history of serious allergies.

Study design. Randomisation was performed at entry between the combination (arm A) of

G-CSF (Filgrastim, Amgen, Thousand Oaks, CA) and rhIL-3 (Sandoz, Basel, Switzerland) or

G-CSF alone (arm B). Chemotherapy consisted of paclitaxel (Bristol-Myers Squibb,

Regensburg, Germany), cisplatin (Bristol-Myers Squibb, Latina, Italy) and ifosfamide (Asta

Medica, Bielefeld, Germany). The administration schedule of chemotherapy and

hematopoietic growth factors is shown in Table 1. All patients received dexamethasone 20 mg

orally (12 and 6 h prior to paclitaxel administration), clemastine 2 mg and ranitidine 50 mg

both intravenous (iv) 30 min prior to paclitaxel administration. Mesna was added during and

after ifosfamide, in an equimolar dose as ifosfamide dose. To minimize cisplatin induced

renal toxicity, a total of 5 l saline (0.9%) was administered daily by iv infusion. Anti-emetic

prophylaxis consisted of ondansetron, three daily doses of 8 mg iv.
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Table 1. Drug adminstration schedule

Chemotherapy Dose Time Route Infusion time

(mg/m2/d) (days) (hours)

Paclitaxel 135 1 iv 3

Ifosfamide 1200 2-4 iv 11/2

Cisplatin 30 2-4 iv 3

Hematopoietic growth factors (µg/kg/d)

RhIL-3 (arm A) 10 5-9 sc

G-CSF (arm A and B) 5 7-16 sc

Chemotherapy was scheduled every 3 weeks and a total of 4 courses were foreseen. The

next chemotherapy course was postponed in case of insufficient leukocyte (<33109/l) or

platelet (<1003109/l) recovery, up to a maximum of 4 weeks. In that case no paclitaxel

escalation was allowed. The dose of paclitaxel and ifosfamide was reduced in case of WHO-

grade IV leukopenia with fever, which required antibiotic treatment and/or WHO-grade IV

thrombocytopenia with platelet transfusions. Cisplatin and ifosfamide dose was reduced by

50% for WHO-grade II peripheral neurotoxicity, WHO-grade I central neurotoxicity and/or

when the creatinine clearance dropped below 60 ml/min. When more severe neurotoxicity

occurred and/or the creatinine clearance dropped below 40 ml/min, patients were taken off

study. Escalation of paclitaxel dose was allowed when on day 22 leukocytes were ≥3.03109/l

and platelets ≥1003109/l and when no grade IV hematological toxicity had occurred in the

preceding course.

The patients were monitored biweekly with physical examination, complete blood counts

were obtained on days 1, 5, 9, 12, 15, 18 and 22 of a course. Blood chemical analyses were

performed on days 1 and 18 of each course. CA-125 levels were obtained before, during and at

the end of the fourth course. All side effects were scored according to WHO criteria. Patients

were taken off study when tumour progression was noted or when WHO-grade III-IV non-

hematological toxicity was observed, excluding nausea and vomiting.
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The pharmacokinetic analysis (PK) of paclitaxel was initiated during the study when grade

IV hematological toxicity was observed. PK-sampling was performed in the last seven

patients. Blood samples were collected by iv sampling from the contra-lateral infusion arm in

EDTA-tubes before, 1.5 h after start, at the end of the paclitaxel infusion, and at 6, 15, 60

min, and 2, 3, 4, 8, 12, 21, 30, and 48 h after the end of the infusion. Plasma samples were

obtained by immediate centrifugation and were analyzed with high-performance liquid

chromatography as reported by Huizing et al. [22]. The plasma disappearance curves were

modeled by using the Kinfit computer software (MW/Pharm, Medi/ware BV, Groningen, the

Netherlands) as reported by Proost and Meijer [23].

Tumour response was evaluated after 2 courses and at the end of the study. Response

criteria included the following. A clinical complete response required the disappearance of all

measurable and evaluable disease (by noninvasive assessment), as well as signs and symptoms

related to the tumour, for longer than 4 weeks. A partial response required a reduction of

more than 50% in the sum of the product of perpendicular diameters of all lesions, lasting

longer than 4 weeks. Progressive disease was defined as an increase of more than 50% in the

sum of the product of perpendicular diameters of all lesions. Stable disease is any condition

not meeting the above response criteria. The study was approved by the Medical Ethical

Committee of the University Hospital Groningen. All patients gave informed consent.

Statistical Analysis. To tests differences in blood counts between patients in arm A or arm

B, the Mann-Whitney U (Wilcoxon) test was used. The Pearson chi-square test was used to

discern differences in discrete variables between both groups, and the Spearman rank analysis

was used for correlation coefficients. All P-values are two-sided, only p-values <0.05 were

considered significant. Median progression free survival (PFS) and mean overall survival (OS)

were calculated with Kaplan-Meier survival analysis.

Results

Sixteen patients were randomized, eight in each arm. The main characteristics and
laboratory values at entry are listed in Table 2. Overall, the disease parameters, bone
marrow-, liver- and renal function were equally balanced for both patient groups.
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A total of 56 courses were evaluable for toxicity, 27 in arm A and 29 in arm B (table
2). Fifty-two courses, 27 in arm A and 25 in arm B, were available to evaluate
hematological effects. The median follow-up period was 12 months (range 9-16).

Table 2. Patient characteristics and laboratory values at entry (median and range)

Arm A* Arm B*

n=8 n=8

Age in years (range) 57.5 (24-65) 58 (31-63)

Performance Score

0 6 7

1 2 1

FIGO-stage

IIc 1 2

IIIa 1 1

IIIb 0 1

IIIc 3 2

IV 3 2

Histology

serous 5 3

mucinous 3 4

clear cell - 1

Prior CT*

1 regimen 7 7

2 regimens 1 1

Time since last CT (months) 4.5 (1-23) 4.5 (1-22)

Creatinine clearance (ml/min) 94 (90-180) 89 (70-121)

Serum creatinine (µmol/l) 72 (57-83) 72 (60-93)

*) A = G-CSF + rhIL-3; B = G-CSF; CT = chemotherapy
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Chemotherapy dose-intensity. In Table 3, the doses of the combinations are listed
for all courses. The median interval between the courses was 3 weeks (range: 3-5) for
arm A and 4 weeks (range: 3-5) for arm B (p=0.03). The number of 3-week courses was
18/26 (69%) in arm A and 11/25 (44%) in arm B, there were seven 4-week courses in
both arms, one 5-week course in arm A and seven in arm B (p=0.046). The mean
(±SEM) delivered paclitaxel dose, calculated per week, was in arm A 40±3 mg/m2 and
in arm B 34±2 mg/m2. Ifosfamide dose per week was 1,033±52 mg/m2 for arm A
versus 940±47 mg/m2 for arm B (NS). The calculated weekly cisplatin dose was
27.5±0.8 in arm A and 24.5±1.0 mg/m2 in arm B (p=0.025).

Table 3. Dose level, and doses of paclitaxel (P), ifosfamide (I) and cisplatin (C) in mg/m2 per course, 

with subsequent number of courses administered.

Level Dose (mg/m2) No. of courses administered

Arm A Arm B Total

P I C (n=27) (n=29) (n=56)

-3 0 1,800 90 2 0 2

-2 75 2,400 90 2 1 3

-1 100 3,000 90 2 5 7

0 135 3,600 90 8 13 21

1 150 3,600 90 7 4 11

2 165 3,600 90 4 4 8

3 175 3,600 90 2 2 4
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Toxicity. Five patients prematurely discontinued the study. Two patients died during
treatment, one in course 4, day 12 (arm B) and one in course 1, day 10 (arm B). Both
had proven neutropenic septicaemia, with hypotension and renal failure which had
developed acutely. Another patient experienced bleeding from a large liver metastasis
in the second course (arm B), two patients withdrew their consent after 2 and 3
courses respectively (both in arm A). One patient switched from arm A to arm B after
the first course, and the remaining courses in this patient were therefore only
evaluable for toxicity. The major non-hematologic toxic events are summarized in
Table 4. All patients experienced alopecia. One patient collapsed during the first
minutes of the first paclitaxel infusion (arm A) and regained normal control
spontaneously, the paclitaxel was stopped and restarted at a slower infusion rate
during the first 30 min of the paclitaxel infusion. One day after paclitaxel infusion
facial erythema, which subsided within 2 days, was observed in all patients. Nausea
and vomiting requiring additional anti-emetic therapy (ondansetron, metoclopramide)
was reported by 12 patients and occurred in all courses. Three patients had transient
nausea and vomiting and one patient experienced nausea without vomiting. Nausea
and vomiting had disappeared by day 9 of each course (as reported by the majority of
the patients). Seven patients complained of numbness and paresthesias in fingers and
toes which disappeared before the next course (WHO-grade I), in four of these
patients (arm A) the symptoms started after course 1. These symptoms persisted
and/or worsened in five patients after course 4 (peripheral neuropathy WHO-grade
II). Two patients experienced walking ataxia, lasting for more than 3 months. No
relation was found between the occurrence of peripheral neurotoxicity and the extent
of prior treatment. Central neurotoxicity was not observed at any time during the
study. Headache was reported by six patients, five from arm A and one from arm B.
Other constitutional symptoms were fatigue and myalgia which were considered mild
to moderate. Headache and fatigue were most pronounced during the days following
chemotherapy administration, including the days rhIL-3 was administered.
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Table 4. Non-hematological toxicity per patient (no. of courses)

Arm A* Arm B*

Symptoms Pts (courses) Pts (courses)

Alopecia (grade III) 8 8

Facial erythema (all cycles) 8 8

Collapse 1 0

Nausea and vomiting

grade 0 1 (4) 0

grade I 0 1 (4)

grade II 1 (2) 1 (4)

grade III 6 (21) 6 (19)

Peripheral neuropathy (during treatment)

grade 0 4 5

grade I 4 (16) 3 (5)

Peripheral neuropathy (persistent)

grade 0 4 7

grade I 2 1

grade II 2 0

Flu-like symptoms

headache 5 (14) 1 (3)

fever 0 0

fatigue 5 (15) 4 (10)

myalgia 0 2 (2)

Gastro-intestinal symptoms

mucositis 1 (1) 0

esophagitis 1 (1) 0

abdominal pain 1 (1) 1 (1)

diarrhoea 1 (1) 1 (1)

constipation 1 (1) 1 (1)

Intra abdominal bleeding 0 1 (1)

Deep venous thrombosis 1 (1) 1 (1)

Death due to septicaemia and renal failure 1 1
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Gastro-intestinal symptoms were observed infrequently as shown in Table 3 and
were mild and never exceeded WHO-grade II. One patient experienced an intra-
abdominal bleeding from a large hepatic metastasis and chemotherapy was stopped
after this episode. The bleeding started day 3 of the second course, at that moment
the platelet count was 933109/l and there were no signs of clotting disorders. Deep
venous thrombosis occurred in one patient during rhIL-3 administration (day 9) in
course 1 and rhIL-3 was therefore discontinued, iv heparin and oral anticoagulants
were started. In the third course, again, deep venous thrombosis was diagnosed, this
time in the contralateral leg despite optimal anticoagulant therapy. Physical
examination and ultrasonography revealed no evidence of recurrent disease in the
first and second episode.

Hematology. As all patients received the same dose of chemotherapy in course 1,
hematological effects of rhIL-3 were analyzed in this course.

The mean number of leukocytes and neutrophils are shown in Figure 1 and 2
respectively. The leukocyte nadir, observed day 9 in both arms, was 3.7±0.6 3109/l
(mean±SEM) for arm A and 2.9±0.8 3109/l for arm B. The neutrophil nadir was
2.2±0.5 3109/l and 2.4±1.1 3109/l (mean±SEM) and occurred day 9 in arm A and day
12 in arm B respectively (both NS). The recovery of leukocytes and neutrophils
tended to be faster for arm A, but as for the nadir these differences were not
statistically significant. Grade IV leukopenia (<13109/l) occurred in 5 out of 27
courses for arm A (n=3, including neutropenic sepsis) and 5 out of 25 courses in arm
B (n=4, also including one sepsis). The median duration of grade IV leukopenia to
leukocytes ≥33109/l was <6 days, and was the same for both arms. Grade IV
neutropenia (<5003106/l) occurred in 7 out of 27 courses in arm A (n=3) and 5 out of
25 courses in arm B (n=3). For lymphocytes, monocytes and basophils no differences
between both arms were observed, in the first and subsequent courses. Eosinophils
tended to be higher (NS) on day 12, 15 and 18 for patients treated with rhIL-3 (data
not shown). The platelet nadir in the first course was 77±23 3109/l (mean±SEM) in
arm A and 80±27 3109/l in arm B (NS). This nadir occurred on day 12 for arm A and
day 15 for arm B (NS). The recovery tended to be faster for arm A (Figure 3), however



86 Chapter 4

Days

Leukocytes (x109/l)

0

4

8

12

16

20

1 5 9 12 15 18 22

rhIL-3
G-CSF

Figure 1. Mean (±SEM) number of leukocytes in the first course,

for patients receiving regimen A (■■) or B (■).
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Figure 2. Mean (±SEM) number of neutrophils in the first course,

for patients receiving regimen A (■■) or B (■).
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Figure 3. Mean (±SEM) number of platelets in the first course, 

for patients receiving regimen A (■■) or B (■).
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Figure 4. Progression free survival (PFS) and overall survival (OS)

in all patients.
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no statistical significance was reached. Grade IV thrombocytopenia (<253109/l) was
observed in 9/27 versus 6/25 courses for arm A and B respectively (NS). The number
of prophylactic platelet transfusions was comparable in both arms, namely 9/27 (n=3)
in arm A versus 6/25 courses (n=3) in arm B. The median number of platelet
transfusions required was respectively 2 (range:1-5) and 1.5 (range: 1-7) for arm A and
B (NS). The median time from platelets below 203109/l to recover above ≥1003109/l
was <3 days (range: 3-6) for arm A and <4 days (range: 3-6) for arm B (NS).

Biochemistry. During the study no changes were observed in liver- and renal
function tests in individual patients. Courses with and without grade IV leuko- and
thrombocytopenia were compared with respect to liver- and renal function
parameters (obtained on day 1 of the involved course), i.e., alkaline fosfatase (AF),
gamma-glutamyl transferase (γ-GT), aspartate-amino transferase (AST), alanine-
amino transferase (ALT), total bilirubin and serum creatinine. The results of this
analysis are shown in Table 5. Serum levels of AF, γ-GT, total bilirubin and creatinine
were significantly higher in the courses where grade IV leuko- and/or thrombocyto-
penia was observed. These differences in renal and liver function were not related to
the previous chemotherapy dose, as the dose administered was higher in courses in
which no grade IV leuko- and thrombocytopenia had occurred (Table 5). No
statistical significant differences with regard to these parameters could be found at
entry between patients who would experience an episode of grade IV leuko- and
thrombocytopenia and those who had not. However, all patients with liver metastases
(n=4) developed grade IV hematological toxicity, whereas in patients without liver
involvement this was 4/12 (NS).



88 Chapter 4

Table 5. Comparison of liver and renal function parameters (mean±SEM) in courses with 

and without grade IV thrombocytopenia. Also shown are the doses (mean±SEM) 

of chemotherapy administered in the respective courses.

Grade IV thrombocytopenia

UNL* No Yes p-value

AF (U/l) 120 89±5 126±7 <0.001

γ-GT (U/l) 45 21±2 61±12 0.007

AST (U/l) 40 25±3 32±3 NS

ALT (U/l) 30 27±3 31±3 NS

Total bilirubin (µmol/l) 25.7 5±0.5 7±1 0.02

Creatinine (µmol/l) 106 67±2 86±4 <0.001

Paclitaxel (mg/m2) 146±3 104±11 0.001

Ifosfamide (mg/m2) 3,582±18 3,032±141 0.001

Cisplatin (mg/m2) 90 90 NS

*) UNL = upper normal limit

Pharmacokinetics. The PK-parameters are listed in Table 6. Patient 1, 2 and 7
received a paclitaxel dose (Dpacl.) of 75, 100 and 175 mg/m2 respectively, and the
remaining patients received a dose of 135 mg/m2. Due to known non-linearity of the
pharmacokinetic parameters (Huizing et al, 1993), no normalization was performed
and the data for the different doses are given. The maximum concentration (Cmax)
and the area under the curve (AUC0→∞) were correlated with the administered dose,
correlation coefficient (r)=0.91 (p=0.005) and r=0.87 (p=0.012) respectively. The
plasma concentration-time curve appeared to be biphasic with a half-live of t1/2(α)
ranging from 0.16 to 0.74 h and t1/2(β) ranging from 6.84 to 16.35 h. The paclitaxel
clearance (Cl) range was 19.22-30.95 l/h and the steady state distribution volume (Vss)
ranged from 86.4 to 241.2 l. The median time the paclitaxel concentration was above
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0.1 µmol/l (t>0.1µM) was 11.0 h (range 9.7-18). No correlation could be found between
the various PK parameters, liver- or renal function parameters and hematological
toxicity.

Table 6. Pharmacokinetic parameters (n=7)

PK-parameters Patients

1 2 3 4 5 6 7

Dpacl. (mg/m2) 75 100 135 135 135 135 175

Cmax (mg/l) 1.41 1.76 2.81 2.12 3.23 3.02 3.99

AUC0→∞ (h·mg/l) 5.37 5.27 7.57 7.72 10.18 11.08 12.25

t1/2α (h) 0.50 0.16 0.71 0.54 0.74 0.62 0.73

t1/2β (h) 12.16 6.84 16.35 8.39 7.71 8.05 12.82

Cl (l/h) 19.22 29.65 30.41 30.95 20.38 23.87 27.75

Vss (l) 146.1 114.1 241.2 110.6 86.4 111.7 158.0

t>0.1µM (h) 9.8 11.0 10.0 9.7 15.0 18.0 15.0

Abbreviations listed in the text

Tumour response. Seven patients were not evaluable for tumour response, as in five
patients with microscopic disease at entry no laparotomy was performed after
chemotherapy, and two patients died prematurely. Of the remaining nine patients,
three achieved stable disease (one in arm A and two in arm B), three a partial response
(all arm B) and three patients were found to have a complete clinical response (two in
arm A and one in arm B). The total response rate in evaluable patients was therefore
67%. In 11 patients CA-125 levels were obtained, in two of these CA-125 level
increased during treatment, all the others demonstrated a decrease. In responders the
mean CA-125 level decreased by 88% versus a 62% decrease in non-responders (NS).
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The mean PFS for responding, non-responding and non-evaluable patients was 7
months (95% confidence interval 6-8 months), 5 months (95% CI 3-6) and 8 months
(95% CI 5-12) respectively (p=0.04 log rank). The median OS was not reached during
the follow-up of 9 to 16 months, the average OS of this group of patients was 13+
months (95% confidence interval 10-15, Figure 4).

Discussion

Short-lasting grade IV neutropenia after this combination therapy was observed in six
out of 16 patients (27%), a relatively low frequency compared to other reports, with
reported incidences above 50% after paclitaxel monotherapy [5,6,24,25]. After
cisplatin-paclitaxel combination therapy the incidence of grade IV neutropenia was
78% [11]. Two out of 16 patients (12.5%) in our study, however, died during
treatment because of neutropenic septicaemia. This is a high mortality compared to
paclitaxel monotherapy (135 mg/m2, every 3 weeks) in which a 1.6% mortality was
reported [5]. Remarkably, in our study no neutropenic fever nor septicaemia, or renal
impairment was observed in the other patients. The complication of severe bone
marrow depression seems therefore rather unpredictable. The tolerability of this
regimen was primarily determined by nausea, vomiting and neurotoxicity. Grade III
nausea and vomiting requiring additional anti-emetic therapy was quite substantial.
Sensory neurotoxicity, was observed in seven out of 16 patients (44%) and in five
patients these symptoms persisted after discontinuation of the chemotherapy,
resulting in an ataxic gait in two of them. A varying incidence of neurotoxicity has
been reported for paclitaxel (4-52%) [3,25], for cisplatin (3-92%) [26] and for the
combination (27-28%) [11,27]. Both paclitaxel and cisplatin induced neurotoxicity are
cumulative and dose related [3,6,26]. Paclitaxel dose >250 mg/m2 is strongly
associated with the occurrence of neurotoxicity, which is dose-limiting at doses >300
mg/m2 [6]. Cisplatin induced neurotoxicity, is mainly observed after cumulative doses
of 300 mg/m2 [26]. Rowinsky et al. [27] found a 27% incidence of neurotoxicity
(n=44) for the combination of cisplatin and paclitaxel, compared to 44% in our study.
Their doses were 200 and 75 mg/m2, ours were maximally 175 and 90 mg/m2 for
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paclitaxel and cisplatin respectively. The frequency of persistent neurotoxicity was
higher in patients treated with rhIL-3 (NS). Direct effects of rhIL-3 on the peripheral
nerve system have not been reported. The dose intensity of cisplatin was somewhat
higher in group A which may have affected the incidence of neurotoxicity.

Deep venous thrombosis occurred twice in one patient. After the first event rhIL-3
was discontinued. The symptoms however, recurred despite adequate anti-coagulant
therapy. Arterial thrombosis associated with rhIL-3 has been reported in the literature
[28]. No thrombo-embolic events were reported by Trimble et al. [5] in their paper on
approximately 1,000 patients treated with paclitaxel only. However, recently Sevelda
et al. reported thrombosis in three patients after paclitaxel treatment [29]. RhIL-3
related toxicity mainly consisted of flu-like symptoms and was comparable to other
clinical studies [17-19,30,31]. The principal effects obtained with rhIL-3
administration in this regimen are a shorter treatment interval and a higher delivered
cisplatin dose. There is a tendency for a faster platelet recovery for patients treated
with rhIL-3. This did, however, not affect the incidence of grade IV thrombocytopenia
and the number of platelet transfusions. Whereas reduction of chemotherapy-
induced myelosuppresion by rhIL-3 has been observed earlier [19,31].

Grade IV leuko- and thrombocytopenia was related to the presence of hepatic
metastases and increases in serum AF and γ-GT. Whether these increases in AF and γ-
GT affected paclitaxel metabolism and excretion remains to be established, as no
correlation could be found with PK-parameters. However, the number of patients in
our study was probably too small to discriminate. Others suggested that increases in
AF and γ−GT may affect metabolism and excretion of paclitaxel [32].

A tumour response was observed in six out of nine evaluable patients. Response
rates of larger monotherapy paclitaxel studies varied between 16 and 48%
[3,4,24,25,33]. Median progressive free survival and overall survival were in line with
data obtained after paclitaxel monotherapy [3,4,24,25,33].

In this small feasibility study, the combination of paclitaxel with cisplatin and
ifosfamide resulted in a relatively high response rate for a second-line regimen in
refractory patients. Toxicity was, however, substantial and therefore this regimen
should not be promoted for patients with advanced and platinum refractory ovarian
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cancer. As the principal aim of this study was to obtain data on tolerability and
efficacy no cost-benefit analysis was performed.

RhIL-3 related effects revealed a tendency to a higher platelet nadir count and
faster platelet recovery. The presence of hepatic metastases and decreased liver
excretory function, as indicated by increased cholestatic parameters, may enhance the
incidence of grade IV hematopoietic toxicity due to decreased excretion of paclitaxel
and ifosfamide, this should be taken into account carefully, when selecting patients
for paclitaxel combination treatment.
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Abstract

Recombinant human IL-6 (rhIL-6) is a pleiotropic cytokine with stimulatory actions on
the hematopoietic system, the immune system and hepatocytes. Clinical interest in the
use of this cytokine was raised because of its thrombopoietic properties and also
because of its anti-tumor activity, which was shown in vitro and in the preclinical
setting. Various studies showed that doses up to 10 µg/kg/d rhIL-6 before and after
chemotherapy are tolerable and the most frequent side-effects encountered consist of
flu-like symptoms. Furthermore, a consistent decrease in hemoglobin was reported
during rhIL-6 treatment. This was probably due to hemodilution, although a change in
ferrokinetics, may also at least partly, explain the anemia.

An evident increase of platelets has been observed in various studies. After
chemotherapy, rhIL-6 seemed to hasten platelet recovery, without affecting platelet
nadir. Preliminary data from studies investigating the value of rhIL-6 as an anti-tumor
agent in renal cell carcinoma and melanoma reported low response rates, between 8
and 14%. The results of rhIL-6 in ameliorating chemotherapy induced bone-marrow
depression, and especially thrombocytopenia, are promising and merit further phase-
III-studies.
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Introduction

Cytokines comprise factors known to regulate the proliferation and differentiation of
hematopoietic and lymphoid cells. Initally, the study of cytokines was hampered by
low tissue concentrations resulting from low dosing schedules. Since the genes
encoding for these cytokines were recognized with the aid of molecular biology,
recombinant cytokines could be developed. This resulted in extensive laboratory and
clinical research as sufficient supplies of these cytokines could now be guaranteed.
Cytokines can be divided in several groups, such as, hematopoietic growth factors,
interleukins, interferons, and tumor necrosis factors. Usually cytokines are
glycoproteins which regulate various functions, several of them are pleiotropic and
sometimes their functions overlap. This paper will focus on one of the cytokines,
interleukin-6 (IL-6), and our experience with this cytokine in clinical oncology will be
reviewed.

IL-6, a 26 kDa protein, is produced by T-lymphocytes, monocytes, fibroblasts,
endothelial cells and keratinocytes [1]. The gene encoding for IL-6 is located on
chromosome 7 and after the cloning of complementary DNA recombinant human IL-
6 (rhIL-6) could be produced [2-6]. IL-6 is a pleiotropic cytokine with stimulatory
actions on hematopoiesis as well as on the immune system [1] while it is also known
to be involved in the acute phase response [7-10]. Special interest in the clinical use of
rhIL-6 was raised because of its stimulatory effects on the hematopoietic system, and
especially its effect on thrombocytopoiesis. Data from in vitro studies present
evidence that rhIL-6 is a cytokine acting early in hematopoiesis, although most times
in synergism with other cytokines [11-13]. Other studies revealed more late effects of
rhIL-6, for example proliferative effects of rhIL-6 on megakaryocytes were shown in
vitro and in vivo [14-16]. Animal studies also demonstrated also effects of rhIL-6 on
the differentiation of megakaryocytes, and an increase in cell size and ploidy, were
observed [14,17,18], which resulted in elevated peripheral platelet numbers, due to
increased production [8,16,19-24]. In animals with bone marrow suppression due to
prior whole body irradiation or chemotherapeutic drugs, rhIL-6 administration
resulted in a faster recovery of platelets [23-28].
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Another potentially interesting aspect of IL-6 is its antitumor capacity. Preclinical
studies showed direct and indirect IL-6 mediated tumor cell destruction, which
resulted in clinical trials assessing the value of this cytokine in the immunotherapy of
cancer [29-31]. Contrary to these results tumor stimulatory effects also have been
observed in vitro [32-34], which necessitates vigilance in clinical studies with respect
to this unwanted effect. The two major aspects of rhIL-6 in clinical use will be focused
upon, first its role in reducing chemotherapy induced bone marrow suppression and
second studies evaluating its anti-tumor activity.

RhIL-6 before chemotherapy. Only a limited number of clinical studies have been
published concerning the effect of rhIL-6 given before chemotherapy [35-36]. We have
performed a phase I-II study to evaluate toxicity and hematological effects of rhIL-6
administered prior to chemotherapy [35]. Twenty patients with breast cancer or non
small cell lung cancer (NSCLC) received rhIL-6 at six different dose levels, i.e., 0.5, 1.0,
2.5, 5.0, 10.0 and 20.0 µg/kg body weight/day (µg/kg/d), with at least three patients
per dose step. RhIL-6 was given intravenously (iv) on the first day, followed by
subcutaneous (sc) administration the following six days. One week after cessation of
rhIL-6 administration chemotherapy was started. Flu-like symptoms, including fever,
headache and myalgia were frequently observed at all dose levels. From 2.5 µg/kg/d
rhIL-6 onwards, nausea, as well as reversible increases in liver function tests and
anemia occurred. Significant increases in the mean number of platelets from the
pooled data from all patients (0.5-20.0 µg/kg/d rhIL-6) was observed during and after
rhIL-6 administration (Figure 1). Furthermore, the mean number of leukocytes,
neutrophils and monocytes showed significant elevations compared to baseline values
during rhIL-6 administration, this effect was still present at the moment
chemotherapy was started. Other interesting features were a decrease in serum
cholesterol and a sharp increase in acute phase proteins during rhIL-6
administration. Flu-like symptoms were manageable with acetominophen
administration up to the 10 µg/kg/d rhIL-6 dose level. Nausea could be controlled
with metoclopramide. No dose limiting toxicity was encountered in this study.



99Potential use of rhIL-6 in clinical oncology

Weber et al. treated patients with 3.0, 10.0 and 30.0
µg/kg/d rhIL-6 sc for seven days (n=11), with
comparable results as those obtained by van
Gameren. They observed flu-like symptoms and
fatigue in all patients. Furthermore a dose dependent
anemia was observed in this study. At 30.0 µg/kg/d
rhIL-6, dose limiting toxicity occurred in two
patients, i.e., cardiac dysrhythmia and severe
hepatotoxicity. Significant increases in platelet
numbers were observed for 10.0 and 30.0 µg/kg/d
rhIL-6, without changes in megakaryocyte numbers
as shown in bone marrow biopsies. These increases
reached maximum values one week after
discontinuation of rhIL-6. Dose dependent increases
in acute phase proteins were observed during rhIL-6
administration [36]. Another study by Weber et al.
showed similar results [37]. Eighteen patients were
treated with one-hour iv infusions of rhIL-6 doses of
0.3 to 30.0 µg/kg three times daily for seven days. Fever and chills were observed
frequently and dose limiting toxicity was reached at 30.0 µg/kg every eight hours,
consisting of reversible neurotoxicity. A reversible anemia was seen at lower doses.
Platelet counts, white blood cell counts and acute phase proteins were substantially
elevated. RhIL-6 (1, 2.5, 5 and 10 µg/kg/d) administered sc to children was tolerable
up to the highest dose level, with fever, chills and fatigue experienced by all of the
patients (n=10). Significant increases in platelet counts were observed, ranging from
27 to 238% compared to base-line levels. Bone marrow examination at day one and 14
revealed an increase in ploidy, without changes in the number of megakaryocytes [38].

The results in these studies are to a large extent in agreement with one another.
Based on these studies a rhIL-6 dose of 20 µg/kg/d seemed feasible, with flu-like
symptoms and anemia being the most frequently observed side-effects. An increase of
platelets occurred during rhIL-6 administration, with maximum values
approximately one week after discontinuation of rhIL-6 [35]. Mean platelet volume
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Figure 1. Effect of rhIL-6 on platelet counts. Each point represents

the mean ± SE of pooled data at all dose levels. P values were <.001

(*) and <.002 (**).
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decreased during rhIL-6 treatment [35], with increases in ploidy after 14 days [38] and
without changes in the number of megakaryocytes [36]. Effects were also observed in
other cell lineages, neutrophils, monocytes and lymphocytes tended to increase
during rhIL-6 administration. These lymphocytes were phenotypically similar to T-
cells, NK-cells and cells expressing the IL-2 receptor [35].

RhIL-6 after chemotherapy. The study performed by van Gameren et al. was
followed by a second part, in which rhIL-6 was administered after chemotherapy [39].
Nineteen patients were treated with the same dose of rhIL-6 as given prior to pre-
chemotherapy. Chemotherapy was given at day one, which was two weeks after the
start of rhIL-6 administration in the pre-chemotherapy period and consisted of
mitoxantrone (10 mg/m2) and thiotepa (40 mg/m2) both given iv as a bolus on a
three-weekly basis, a total of six cycles were scheduled. RhIL-6 (sc) was started at day
five and given for ten days. A total of 48 and 45 cycles were evaluable for toxicity and
hematological effects, respectively. Just as in the pre-chemotherapy period, flu-like
symptoms were observed frequently, which responded well to acetaminophen
administration. Three patients experienced worsening of their pre-existing dyspnea,
not exceeding WHO grade 2. Nausea occasionally followed by vomiting during rhIL-6
treatment was observed in four patients (seven cycles) and was successfully treated
with metoclopramide. Nearly all patients experienced erythema at the rhIL-6 injection
site, which resolved after discontinuation of the injections. Dose limiting toxicity was
reached at 20 µg/kg/d rhIL-6 due to WHO grade 3 nausea and vomiting in one
patient and WHO grade 3 fever concurrent with flu-like symptoms in another
patient. The last patient discontinued the study prematurely due to severe flu-like
symptoms.

For those at 10.0 and 20.0 µg/kg/d rhIL-6 a faster platelet recovery was observed,
compared with the lower dose levels. The platelet nadir occurred significantly earlier
for those at the two highest doses, but the extent did not differ. No differences were
found for the frequency of WHO grade 4 thrombocytopenia among the six dose
levels; however, the two patients who received platelet transfusions were treated at the
1.0 and 2.5 µg/kg/d rhIL-6 dose level. No different effects were observed on the
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leukocyte number between the six dose levels. Comparable results were obtained by
D’Hondt et al. who administered rhIL-6 prior and after chemotherapy [40]. In the
pre-chemotherapy period a dose related increase in platelets were observed, and after
chemotherapy a faster recovery platelets occurred [40]. Preliminary data from other
studies, reporting the effects of rhIL-6 after chemotherapy, showed no dose limiting
toxicity up to 10 µg/kg/d rhIL-6 [40-42]. The profile of the observed side effects in all
of these studies was comparable.

Lestingi et al. (n=27) observed an amelioration of the chemotherapy induced
thrombocytopenia, with higher nadir levels after rhIL-6 when compared with cycles
without rhIL-6 support [41]. In contrast to our results, they found a better response
at 1 µg/kg/d than at 10 µg/kg/d rhIL-6. Another study however, revealed no
differences in platelet nadir compared to historical controls when rhIL-6 (2.5
µg/kg/d) was administered to melanoma patients (n=19) following chemotherapy
[43]. A faster recovery of platelets was observed by Hamm et al. (n=36) at a dose level
of 5 µg/kg/d rhIL-6, co-administered with G-CSF, but this effect seemed to diminish
in a second cycle [42]. RhIL-6 (5.0 µg/kg/d) following high-dose chemotherapy for
autologous bone marrow transplantation also resulted in accelerated platelet recovery
compared to controls [44].

In summary, most studies reported no effects on platelet nadir, but there was a
trend toward a faster recovery of platelets. This effect on recovery is probably not due
to increased proliferation of megakaryocytes, but result of increased differentiation of
these cells and subsequent thrombocytopoiesis. Whether this quicker recovery alone
will ultimately result in the ability to use an increased chemotherapy dose intensity,
remains questionable. Phase III studies are needed to confirm the effects of rhIL-6
after chemotherapy. Recently, Tritarelli et al. reported a synergistic stimulation of
hematopoiesis in mice when rhIL-6 was combined with rhIL-1ß, furthermore the
recovery of myeloid cells was enhanced after cyclophosphamide treatment [45]. Based
on these data, combination of rhIL-6 with rhIL-1ß may also be considered for clinical
trials. Whether the use of rhIL-6 alone or in combination with other cytokines will
ultimately result in increased dose intensity and consequently in prolonged survival
of cancer patients remains to be established.
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RhIL-6 as antitumor agent. Our department participated in a multicenter phase II
trial in which antitumor effects of rhIL-6 were assessed in patients with metastatic
renal cell carcinoma [46]. To be eligible patients had to have evaluable disease. RhIL-6
was given daily sc for six weeks in a fixed dose of 150 µg per day. Tumor response was
evaluated after six and after ten weeks. The results were analyzed for two cohorts,
patients who had not received prior immunotherapy and those who had. A total of 35
patients were entered and 29 were evaluable for response, of which 19/29 patients had
received prior immunotherapy. In those who had received prior immunotherapy two
partial responses were observed both occurring very late, one after six weeks and one
after as many as 18 weeks. Stable disease occurred in seven and four patients with and
without prior immunotherapy respectively. Progressive disease was observed in 10
patients who had not, and six who had received prior immunotherapy. Objective
antitumor response was observed in 10% in the non-pretreated group. Toxicity
consisted of fever and nausea, furthermore anemia and reversible increases in alkaline
phosphatase and gamma glutamyl transferase was observed during rhIL-6 therapy.
Sznol et al. reported one complete remission in 13 patients with metastatic malignant
melanoma treated with daily one-hour iv infusion of 100 µg/kg/d (!) rhIL-6 for 5 out
of 7 days the first two weeks; this schedule was repeated after four weeks [47].
Compared to other studies a considerable rhIL-6 dose was administered, however,
toxicities were mild and this regimen was fairly well tolerated by the majority of the
patients. A phase II trial for patients with metastatic renal cell carcinoma (n=14) of
120 hour continuous iv administration of rhIL-6 repeated every three weeks resulted
in a modest tumor response, one patient had a partial response and one had stable
disease, the others were progressive [48]. In this study 30 µg/kg/d rhIL-6 was
considered to be the maximum tolerated dose, with atrial fibrillation occurring in
three patients, two of these patients had electrocardiographical signs of ischemia,
which spontaneously resolved without signs of myocardial infarction.

In summary, these preliminary results reveal low response rates, between 8 and
14%. The mechanism of action is still unclear. Direct cytotoxicity and CTL (cytotoxic
T-lymphocyte) mediated mechanisms have been suggested [29,31]. Others proposed a
more prominent role for activated natural killer (NK) and lymphokine activated killer
cells (LAK) as a means of IL-6 induced tumor kill, based on in vitro data [49-52].
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However, these data were in contrast with those obtained by Scheid et al., who
studied the immune function of cancer patients receiving rhIL-6. They showed
suppression of NK- and LAK-activity at rhIL-6 doses exceeding 2.5 µg/kg/d [10].
Furthermore, suppression of NK-activity in mice was hypothesized by Tanner et al.
who reported tumorigenicity of EBV immortalized lymphoblastoid cells in the
presence of IL-6 [53]. In certain hematological malignancies, i.e., multiple myeloma
and Castleman’s disease, there is strong evidence that endogenous IL-6 may function
as a growth stimulating factor for malignant plasma cells [32,54-56]. In vitro,
stimulatory actions of rhIL-6 on solid tumors have also been observed [33,34], but
clinical data concerning stimulatory actions of rhIL-6 are scarce. Recently, Ravoet et
al. presented two patients with transient accelerated growth of tumor during
treatment with rhIL-6, followed by a reduction in tumor size after discontinuation of
rhIL-6 treatment [57]. One patient was evaluated with liver metastases from ovarian
adenocarcinoma, the other with lung metastases from renal cell carcinoma. It is as yet
unclear whether this was due to a temporary increase in tumor size or due to the
disappearance of an induced lymphocyte infiltration in the tumor [57]. This raises the
as yet unresolved question whether the use of hematopoietic growth factors, and
rhIL-6 in particular, as a means of increasing chemotherapy dose intensity or as an
antitumor agent, could act as a stimulator of certain solid tumors.

RhIL-6-induced anemia. In preclinical as well as in clinical studies anemia has been
observed during rhIL-6 administration [21,24,35-37,45,58], necessitating blood
transfusions in a number of cases [46]. Recent reports demonstrated the
normochromic and normocytic character of this anemia [35-37,59]. A rhIL-6 dose
related decrease in hemoglobin concentration was observed within three days of rhIL-
6 administration by van Gameren et al. (Figure 2), associated with a decrease in serum
iron without signs of hemolysis or bone marrow failure and normal bone marrow
iron stores, folate, and vitamin B12 despite increased erythropoietin levels [35]. In
patients treated with chemotherapy and rhIL-6 also a significant decrease was
observed in hemoglobin concentration [39,41,42]. The rapid occurrence of this
anemia points to either changes in plasma volume or sequestration in the spleen,
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once hemolysis is excluded. Based on radioisotope
dilution assays, both Atkins et al. and Nieken et al.
independently showed that rhIL-6 associated anemia
was primarily due to increases in plasma volume
[58,59]. Others reported a similar mechanism, for
anemia associated with rhIL-11 administration, due
to an increased plasma volume associated with
urinary sodium retention [60]. Additional factors
might also be involved, because van Gameren et
al.[35] and Weber et al. [36] both observed a rapid
drop in serum iron during rhIL-6 treatment.
Furthermore, stainable iron was absent from bone
marrow biopsies in some patients. Kobune et al.
recently demonstrated a rapid hypoferremia during
rhIL-6 treatment in rats [61], which was caused by
mobilizing transferrin-bound serum iron to
hepatocytes. In addition, they found increased
ferritin and decreased transferrin synthesis. This
change in ferrokinetics may be in part responsible for
the observed anemia.

Conclusions

Based on promising in vitro and preclinical experiments, clinical studies were
performed to evaluate the hematopoietic and anti-tumor effects of rhIL-6. Thus far,
only data from phase I/II studies are available. Stimulatory activity on platelets of
rhIL-6 was clearly established in studies where the drug was given before
chemotherapy. After chemotherapy rhIL-6 administration resulted in a faster
recovery, without affecting platelet nadir. In contrast to the aim of these studies,
which was to reduce in bone marrow toxicity, anemia was evident which was most
likely due to hemodilution. It is debatable whether this side effect outweighs the
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benefits of stimulation of platelet recovery. Therefore, phase III trials are needed to
assess the value of rhIL-6 in reducing chemotherapy induced bone marrow depression
and especially thrombocytopenia, in relation to its side effects. Based on in vitro data,
the combined use of rhIL-6 and rhIL-1ß in ameliorating chemotherapy induced bone
marrow depression may also be considered. Available preliminary data concerning
anti-tumor activity of rhIL-6 showed that it can on its own have anti-tumor activity.
The exact response rates for potentially interesting tumor types are not yet available,
but tend to be low. Special care will have to be taken concerning the potential tumor
promoting effect of rhIL-6 in certain tumor types. This review showed that IL-6 is an
enigmatic pleiotropic cytokine, that will remain the subject of fundamental and
clinical studies for many years to come.

Figures 1 and 2 were reprinted with kind permission from Blood.
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Abstract

Purpose. To evaluate safety, tolerability and efficacy of varying doses of recombinant
human interleukin-6 (rhIL-6) after chemotherapy.

Patients and Methods. In this phase I-II study, 19 breast (stage III-IV) or non-small
cell lung cancer patients received mitoxantrone (10 mg/m2 ) and thiotepa (40 mg/m2 )
every 3 weeks, followed by rhIL-6 subcutaneously (days 5-15), at six dose levels: 0.5,
1.0, 2.5, 5.0, 10.0 and 20.0 µg/kg body weight/day (µg/kg/d). RhIL-6 was increased to
the next level in the individual patient in case of incomplete bone marrow recovery
(leukocytes <33109/l and/or platelets <1003109/l at day 22) and/or platelet nadir
<253109/l in 2 consecutive cycles.

Results. Flu-like symptoms were observed in most of the patients. Nausea and
vomiting were reported in seven of 48 and 19 of 48 cycles respectively. Dose limiting
toxicity at 20.0 mg/kg/d rhIL-6 consisted of WHO grade 3 to 4 flu-like symptoms,
nausea and vomiting.

Platelet recovery was faster in cycle 1 at 10.0 and 20.0 µg/kg/d rhIL-6 than at lower
dose levels (p<0.05), thrombocytopenia grade 4 was observed at most levels. However,
only two patients needed platelet transfusions (1.0 and 2.5 µg/kg/d rhIL-6). RhIL-6
effects on leukocytes were not dose-related, with a trend for neutrophil nadir to
increase with rhIL-6 up to 10 µg/kg/d. RhIL-6 dose escalation did not affect
hematological parameters and chemotherapy cycle duration. Hemoglobin (p<0.001)
and cholesterol (p<0.05) decreased, while acute phase proteins increased.

Conclusion. RhIL-6 following chemotherapy is tolerable up to 10 µg/kg/d; flu-like
symptoms and nausea were dose limiting at 20 µg/kg/d. Platelet nadir did not differ
for the various rhIL-6 doses. However, a faster platelet recovery was observed at 10.0
and 20.0 µg/kg/d rhIL-6.



113Toxicity and efficacy of escalating dosages of rhIL-6 after chemotherapy

Introduction

Interleukin-6 (IL-6), a 26 kDa protein, is produced in the body by T-lymphocytes,
monocytes, fibroblasts, endothelial cells and keratinocytes [1]. The gene encoding for
IL-6 is located on chromosome 7 and after the cloning of complementary DNA
recombinant human IL-6 (rhIL-6) could be produced [2-6]. IL-6 is a pleiotropic
cytokine with stimulatory actions on hematopoiesis as well as on the immune system
[1], while it is also known to be involved in the acute phase response [7]. In addition
rhIL-6 was found to have growth inhibitory, as well as stimulatory actions on tumor
cells in vitro and on tumor xenografts in mice [8-12]. Other studies, however,
observed no inhibitory or stimulatory effects on tumor cell growth in vitro or in vivo
[13,14].

Special interest in the clinical use of rhIL-6 was raised because of its described
stimulatory effects on the hematopoietic system, especially its effect on
thrombocytopoiesis. In vitro and in vivo rhIL-6 showed proliferative effects on
megakaryocytes [15-17]. In animal studies also effects of rhIL-6 on differentiation of
megakaryocytes, i.e., increase in cell size and ploidy, were observed [15,18,19]. RhIL-6
administered to mice, dogs and non-human primates resulted in elevated peripheral
platelet numbers, due to elevated platelet production [17,20-26]. This was associated
with effects on megakaryocyte differentiation [21,22,24,26]. In animals with bone
marrow depression due to prior whole body irradiation or chemotherapeutic drugs
rhIL-6 administration resulted in a faster recovery of platelets [14,25-29].

Recently, two studies have been published concerning clinical effects of rhIL-6
without chemotherapy, but as yet no full papers have been published concerning the
role of rhIL-6 following chemotherapy [30,31]. Our previous study, by van Gameren
et al., showed rhIL-6 dose-related stimulatory effects on thrombocytopoiesis in
untreated cancer patients. With maximum platelet numbers approximately one week
after the last rhIL-6 administration [31].

In the present study, the safety and tolerability of rhIL-6 after chemotherapy was
evaluated in the same group of patients. The effects on hematological and
biochemical parameters were analyzed with special emphasis on reduction of
chemotherapy related thrombocytopenia.
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Methods

Patients. In this phase I-II rhIL-6 study, patients with stage III or IV breast cancer or

disseminated non-small cell lung cancer (NSCLC) received rhIL-6 after combination

chemotherapy. Patients, between the ages of 18 and 70 years, who had received no more than

one prior chemotherapy regimen, with a minimum life expectancy of more than 3 months,

and with a Karnofsky score of 60% or more were eligible. At entry, leukocytes ≥3.03109/l and

platelets ≥1003109/l were required. Patients with severe heart, lung, liver (serum bilirubin

≥40 µmol/l) or renal impairment (serum creatinine >150 µmol/l) were excluded, as were

patients with a history of serious allergic reactions, rheumatoid arthritis, generalized

psoriasis, membranous glomerulonephritis or other autoimmune disease. Concomitant

treatment with other hematopoietic growth factors, cytokines, salicylates or corticosteroids

was not allowed. The study was approved by the Medical Ethical Committee of the University

Hospital of Groningen. All patients gave written informed consent.

Study design. Escherichia coli derived rhIL-6 (108 U/l protein) was provided by Sandoz

Pharma Ltd. (Basle, Switzerland) in 2 mL vials of 150 or 750 µg undissolved lyophilisate.

Increasing dose levels of rhIL-6, 0.5, 1.0, 2.5, 5.0, 10.0 and 20.0 µg/kg/d were studied, with at

least three patients per dose level. Before injection, rhIL-6 was reconstituted with 1 mL of

sterile water. RhIL-6 was injected subcutaneously (sc), once daily by the patient on an out-

patient basis. Prior to chemotherapy rhIL-6 had been administered for seven days, starting

day -15. At day 1 chemotherapy was given intravenously (iv) as a bolus, consisting of

mitoxantrone (Lederle, Etten-Leur, The Netherlands) 10 mg/m2 and thiotepa (Lederle, Etten-

Leur, The Netherlands) 40 mg/m2 both dissolved in 100 ml 0.9% NaCl. Post-chemotherapy,

rhIL-6 was administered in the same dose as pre-chemotherapy for 10 days starting day 5.

The results of the pre-chemotherapy period with rhIL-6 were recently published [31].

Chemotherapy was scheduled every three weeks. In case of incomplete hematological

recovery, i.e., leukocytes <33109/l and/or platelets <1003109/l chemotherapy was postponed

for weekly intervals, for a maximum of four weeks, until bone marrow recovery. No

chemotherapy dose reductions were allowed. The number of chemotherapy cycles

administered depended on the tumor response criteria, i.e., with progressive disease further
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treatment was discontinued. In patients with stable disease, partial response, or complete

response a total of six chemotherapy cycles was foreseen.

RhIL-6 dose was increased to the next higher dose level only in case of incomplete recovery

(leukocytes <33109/l and/or platelets <1003109/l at day 22), and/or when platelet nadir

counts <253109/l had occurred at any time during the previous cycle. These criteria had to be

fulfilled for at least two consecutive chemotherapy cycles. The maximum tolerated rhIL-6

dose was defined as the dose level preceding that at which at least two patients experienced

non-hematological WHO grade 3-4 toxicity or debilitating toxicity leading to discontinuation

of rhIL-6. Acetaminophen, with a maximum of 3 g per day, was administered to prevent fever

or flu-like symptoms. Anti-emetics were prescribed, if necessary, for nausea.

Blood pressure, pulse and temperature were measured twice weekly, as were red blood cell

counts, white blood cell counts and differential counts. Once a week liver (AST, ALT, alkaline

phosphatase and gamma GT) and renal function tests (serum creatinine and BUN) were

performed with subsequent determination of serum levels of sodium, potassium, LDH,

calcium, total protein, albumin, glucose and total cholesterol. C-reactive protein (CRP,

normal value <2 mg/l) and serum amyloid A (SAA, normal value <3 mg/l) were measured

using enzyme-linked immunosorbent assays and determined at days 1, 8, 15 and 22 in cycle 1

and 2 [32].

Prophylactic platelet transfusions were given for platelet levels below 203109/l, red blood

cell transfusions were administered for symptomatic anemia.

Statistical Analysis. The two-tailed Student’s t-test, paired Student’s t-test and the

Wilcoxon test were used for statistical analysis. P values <0.05 were considered significant.

Unless otherwise stated the two-tailed Student’s t-test was used.
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Results

Patient characteristics. Nineteen patients, with a median age of 46 years (range 24-
63), were entered. The characteristics of the patients at each dose level of rhIL-6 are
listed in Table 1. Forty-eight cycles were evaluable for non-hematological toxicity,
whereas 45 cycles could be evaluated for hematological effects. Four patients received
one chemotherapy cycle, six patients received two, five patients received three, three
received four and one patient received five cycles. According to the protocol
chemotherapy dose reduction was not allowed, only chemotherapy postponement.
Therefore, the study was discontinued in six patients for chemotherapy related
hematological causes (WHO grade 4 toxicity), eight patients went off study because of
progressive disease, one patient experienced hematological toxicity as well as
progressive disease, one patient suffered from serious vomiting after the first rhIL-6
injection in the second cycle requiring cessation of rhIL-6 treatment, two patients
experienced severe side effects as well as progressive disease and one patient
discontinued treatment for reasons not related to rhIL-6 administration. Three
patients died during the three month follow up period, all three because of
progressive disease.

Non-hematological toxicity. Forty-eight cycles were evaluable for toxicity. The side
effects of rhIL-6 treatment (including rhIL-6 escalated cycles) are listed in Table 2 and
mainly consisted of flu-like symptoms, i.e., headache, fever, chills and myalgia.
Headache was reported by 13 patients in 26 cycles. Fever was experienced by 16
patients in 29 cycles and occurred within several hours after rhIL-6 injection but dis-
appeared in general before the following injection. Myalgia was reported by seven
patients (13 cycles) and did not occur in patients without fever. Chills were reported
by eight patients (14 cycles), receiving 2.5 µg/kg/d rhIL-6 or more. Four patients 
(7 cycles) experienced nausea, followed incidently by vomiting several hours after
rhIL-6 administration. In nine patients nausea and vomiting was observed shortly
after chemotherapy, and one of these patients required additional anti-emetic therapy
in all four cycles. Erythema at the injection site was observed in 13 patients at all
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rhIL-6 dose steps (25 cycles). These reactions disappeared when the injections were
stopped. Three patients experienced worsening of their dyspnea during rhIL-6 admi-
nistration, which did not exceed WHO grade 2 toxicity. The flu-like symptoms were
prophylactically treated with acetaminophen, requiring a maximum of 3 g a day at
the highest rhIL-6 dose steps. The episodes of nausea were successfully treated with
metoclopramide. At the highest rhIL-6 dose step (20 µg/kg/d), one patient disconti-
nued rhIL-6 administration due to WHO grade 3 fever and severe myalgia, one stop-
ped because of WHO grade 3 nausea and vomiting and the last patient at this dose
level suffered from a combination of headache, fever, myalgia and chills, requiring
cessation of rhIL-6 administration. None of these patients were treated for more than
two cycles. Because of these symptoms 20 µg/kg/d rhIL-6 was considered intolerable.

Table 1. Patient characteristics

rhIL-6 dose 

(µg/kg/d)

0.5 1.0 2.5 5.0 10.0 20.0

No. of patients 3 3 4 3 3 3

Male/female 0/3 0/3 1/3 0/3 1/2 2/1

Age (years)

Median 40 51 44 43 48 51

Range 30-46 44-54 29-63 42-48 24-57 40-61

Cancer diagnosis

Breast 3 3 2 3 0 1

NSCLC 0 0 2 0 3 2

Prior therapy

chemo&radiotherapy 3 3 2 2 1 1

chemotherapy 0 0 0 1 0 2

none 0 0 2 0 2 0
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Table 2. Non-hematological toxicity, listed are the number of cycles in which certain events occurred.

rhIL-6 dose 

(µg/kg/d)

WHO grade 0.5 1.0 2.5 5.0 10.0 20.0

No. of cycles 8 10 7 11 7 5

Headache 1 8 5 3 2 1 1

2 – 1 – 4 – –

3 – – – 1 – –

Fever 1 5 3 2 4 – –

2 1 4 1 1 5 2

3 – – – – – 1

Myalgia 1 3 4 – 2 2 –

2 – – – – – 1

3 – – – – – 1

Chills NA – – 4 3 4 3

N + Va 1 2 – 2 – – –

3 1 – 1 – – 1

N + Vb 1 5 – 1 – – –

2 – – 1 3 – –

3 – – 2 4 1 2

Dyspnea 1 3 – – – – –

2 – – 1 – – 1

Erythema at injection site NA 7 6 5 5 1 1

N + V: nausea and vomiting related to rhIL-6 treatment (a) and chemotherapy (b),

NA: not applicable
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Hematological effects.
Hematological effects of
rhIL-6 could be evaluated in
45 completed cycles. In the
third cycle only nine
patients were available for
analysis, mainly due to dis-
continuation of chemothe-
rapy because of bone mar-
row toxicity and progressive
disease. It was therefore
decided, only to use the first
and second cycle for compa-
rison of the six different
rhIL-6 dose steps.
In Figure 1, the mean
number of platelets for 0.5-
5.0 and 10.0-20.0 µg/kg/d

rhIL-6 in the first cycle are shown. There was no significant difference between
platelets day 1 cycle 1 at the 10.0 and 20.0 µg/kg/d dose versus the lower rhIL-6 dose
steps. For the two highest dose steps the platelet nadir occurred significantly earlier
than for the lower dose steps, day 12 vs day 15 (p<0.02). Although the platelet nadir
was the lowest at 20 µg/kg/d rhIL-6 (48±20 3109/l), it did not differ significantly
from the nadir at the other dose steps (Table 3). A faster recovery of platelets (day 15
through day 22) was observed in the first cycle, at the 10 and 20 µg/kg/d rhIL-6 dose
step compared to the lower dose steps (p<0.05 Wilcoxon). This was in keeping with
the time required for platelets to raise from nadir to 1003109/l, which was median 7
days (range: 4-14) for the lowest dose steps and 5 days (range: 3-9) for 10 and 20
µg/kg/d rhIL-6 (NS). In the second cycle, no patients at the 20 µg/kg/d rhIL-6 dose
level were treated. Furthermore, only one patient was left at the 2.5 µg/kg/d dose level
with exceptionally high platelet numbers. If this patient is excluded from the analysis
of the second cycle, again a faster platelet recovery was observed for the 10 µg/kg/d
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Figure 1. Platelets (3109/l) in the first cycle. ● = 0.5-5.0 µg/kg/d

rhIL-6, ●● = 10.0-20.0 µg/kg/d rhIL-6 (mean±SD).
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rhIL-6 dose compared to the other dose steps, although this was not statistically
significant. With regard to platelet nadir depth no differences were observed between
the remaining rhIL-6 dose levels in the second cycle. As summarized in table 4, WHO
grade 4 thrombocytopenia occurred in five patients (one from each rhIL-6 dose level,
except for 5.0 µg/kg/d rhIL-6) in cycle 3, 4, 1, 2 and 1, respectively. No thrombocyto-
penic bleeding was observed, however, one patient suffered from serious ecchymoses
after a fall from the stairs with platelets of 40 3109/l, for which platelets were
administered. Two patients, one at 1.0 and one at 2.5 µg/kg/d rhIL-6 received a
platelet transfusion for platelets <20 3109/l without bleeding tendency.

No differences were observed between the various rhIL-6 doses administered and
the mean number of leukocytes and neutrophils during cycle 1 and 2, therefore the
curves in figure 2 and 3 represent all doses. At day 1 of cycle 1 leukocytes and
neutrophils were higher than on day 1 of cycle 2, this will be at least partly an effect
of rhIL-6 administration in the pre-chemotherapy period [31]. Leukocyte and
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Figure 2. Leukocytes (3109/l) in cycle 1 (■) and in cycle 2 (■■), 

for 0.5-20.0 µg/kg/d rhIL-6 (mean±SD).
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Figure 3. Neutrophils (3109/l) in cycle 1 (■) and in cycle 2 (■■), for

0.5-20.0 µg/kg/d rhIL-6 (mean±SD).
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neutrophil nadir occurred around day 15 (Fig. 2, 3). The mean neutrophil nadir
(mean ± SD) varied between 0.40±0.15 and 1.10±0.30 3109/l (Table 3), with a trend of
dose related increase from 0.5 up to 10.0 µg/kg/d rhIL-6, however, no statistical
significance could be reached. WHO grade 4 toxicity for leukocytes and for
neutrophils was encountered in 14/45 cycles (Table 4). No neutropenic fever or
bacterially proven infections were observed. The number of monocytes showed a
sharp decrease after chemotherapy administration, but, concurrent with rhIL-6
administration an increase was observed for all dose levels (Figure 4). This increase,
which started 5 days after chemotherapy, occurred when the number of leukocytes
and neutrophils still decreased.

Table 3. Nadir (mean±SD 3109/l) per dose step for leukocytes, neutrophils and platelets in cycle 1 and 2.

Cycle rhIL-6 dose 

(µg/kg/d)

0.5 1.0 2.5 5.0 10.0 20.0

Leukocytes 1 1.60±0.14 2.07±0.49 1.65±0.97 1.77±0.37 1.43±0.39 1.97±0.82

2 1.13±0.12 1.87±0.94 1.501 1.30±0.40 1.10±0.75 NA

Neutrophils 1 0.40±0.15 0.65±0.15 0.90±0.50 0.90±0.10 1.10±0.30 0.80±0.10

2 0.401 0.80±0.36 0.401 0.601 0.90±0.40 NA

Platelets 1 89±10 132±48 124±110 103±27 117±30 48±20

2 74±13 125±85 2271 54±29 88±56 NA

1) sample from one patient, NA: not available.
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Table 4. Hematological toxicity (only grade 3 and 4 are mentioned).

WHO grade rhIL-6 dose 

(µg/kg/d)

0.5 1.0 2.5 5.0 10.0 20.0

No. of cycles 8 10 6 11 7 3

Thrombocytopenia 3 1 2 1 5 0 0

4 1 1 1 0 1 1

Leukopenia 3 4 8 3 7 2 1

4 3 1 2 4 4 0

Neutropenia 3 3 6 1 9 5 0

4 5 4 3 1 0 1

Anemia 3 1 4 0 4 1 1

4 0 0 0 0 0 0

During rhIL-6 administration hemoglobin concentration showed a reversible
decrease of 16 and 18% of the initial level, with the nadir at day 8 and 12 both in cycle
1 and 2 respectively (Figure 5). This decrease in hemoglobin level in both cycles,
which could not be explained by the number of blood samples taken from each
patient, was significantly different compared to the levels at day 1 (p<0.001, paired
Student’s t-test). No rhIL-6 dose response relation could be found for the decrease in
hemoglobin concentration. At the end of each cycle, hemoglobin concentration had
returned to near base-line levels (Figure 5). As summarized in Table 4 anemia never
exceeded WHO grade 3. During the whole study a total of 22 red blood cell
transfusions were administered to 12 patients, with an average of 3.36 red blood cell



123Toxicity and efficacy of escalating dosages of rhIL-6 after chemotherapy

units per transfusion. Reticulocytes, corrected for hematocrit [33], decreased
significantly from 0.64±0.44% (mean±SD) at day 1 to 0.14±0.17% at day 5 (p<0.001).
The reticulocyte nadir occurred approximately one week after chemotherapy (0.12±
0.21%), with increasing levels afterwards and returning to base line levels at day 19.

Chemotherapy postponement, because of incomplete bone marrow recovery,
occurred in 22 of the 45 cycles. In 10/22 cycles this was due to incomplete leukocyte
recovery, in 3/22 cycles the number of platelets had not fully recovered and in 9/22
cycles both leukocytes and platelets were the reason to postpone the next cycle. The
average length of the first cycle was 3.4 weeks (n=19) which increased to 4.2 weeks
(n=13) in cycle 2 (p<0.05) and 4.9 weeks (n=9) in cycle 3 (NS, between cycle 2 and 3).

In five patients rhIL-6 dose was escalated to the next dose level. It concerned two
patients who initially received 0.5 µg/kg/d, two at 1.0 and one at 5.0 µg/kg/d rhIL-6.
One patient (escalated from 0.5 to 1.0 µg/kg/d rhIL-6) experienced worsening of flu-
like symptoms, in the others escalation did not increase the severity of the side effects.
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Figure 4. Monocytes (3109/l) in cycle 1 (■) and in cycle 2 (■■), 

for 0.5-20.0 µg/kg/d rhIL-6 (mean±SD).
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Figure 5. Hemoglobin (g/l) in cycle 1 (■) and in cycle 2 (■■), 

for 0.5-20.0 µg/kg/d rhIL-6 (mean±SD). Patients were excluded 

from the moment they received blood transfusions.
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In none of the escalated patients rhIL-6 was discontinued because of side effects, in
two patients treatment was discontinued because of progressive disease, the other
three because of WHO grade 4 hematological toxicity and/or prolonged bone marrow
failure, in spite of rhIL-6 escalation.

Biochemical effects. In two patients (2.5 and 10.0 µg/kg/d rhIL-6 respectively) a 4.6
(WHO grade 0) and 2.5 fold increase in AST (WHO grade 0) and a 14.6 (WHO grade
3) and 2.8 fold increase in ALT (WHO grade 0) respectively was observed on day 15 in
the first cycle, with normalization thereafter. In two other patients increasing transa-
minase levels, with concomitant increases in alkaline phosphatase, gamma GT and
bilirubin, during their last cycle of treatment was not related to rhIL-6 administration,
but associated with progressive metastatic liver disease. In the other patients no signi-
ficant changes in liver function tests were observed. Sodium levels did not significant-
ly change during treatment. No renal toxicity was observed, as determined by serum
creatinine levels and BUN. Mean serum LDH levels varied between 220±151 and

334±224 U/l (mean±SD on various days) in cycle 1
and 2, with a tendency to decrease during the cycle.
Total protein (mean±SD: 68±5 and 71±6 g/l in cycle
1 and 2 respectively) and albumin (38±3 and 40±4
g/l) concentrations were stable during all cycles.
Mean CRP and SAA concentrations increased sharply
after the start of rhIL-6 administration and reached
maximum values eight days after chemotherapy
(Table 5). These values normalized before the start of
the next cycle. As shown in Table 5, maximum levels
of these acute phase proteins were similar in cycle 1
and 2. Mean cholesterol concentration for all dose
steps decreased nearly 22% in cycle 1 (p<0.05, paired
Student’s t-test) and 16% in cycle 2 during treatment
with rhIL-6 and returned to base-line levels within
one week after cessation of rhIL-6 (Figure 6).
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Figure 6. Cholesterol (mmol/l) in cycle 1 (■) and in cycle 2 (■■), for

0.5-20.0 µg/kg/d rhIL-6 (mean±SD).
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Table 5. Levels of CRP and SAA, at day 1, day 8 (maximum) and day 22, 

in cycle 1 and 2 (mean±SD).

Cycle Day 1 Day 8 Day 22

CRP (in mg/l) 1 22.9±19.8 212±187 33.7±29.7

2 24.5±22.8 292±114 12.6±1.4

SAA (in mg/l) 1 8.8±9.5 199±166 29.3±29.7

2 6.4±5.8 320±42 2.6±1.4

Discussion

In this phase I-II study the results of rhIL-6 administration after chemotherapy are
presented. Its biological activity in consecutive cycles, as assessed by the effects on the
number of platelets and monocytes, the hemoglobin level, acute phase proteins and
cholesterol levels, was clearly established.

Toxicity was dose limiting at 20 µg/kg/d rhIL-6 because of a combination of
headache, fever, myalgia and chills, as well as serious nausea and vomiting. At lower
doses these side effects were tolerable with the use of acetaminophen and/or
metoclopramide. This toxicity is largely in accordance with the toxic rhIL-6 effects
described in patients not receiving chemotherapy [30,31]. Dose limiting, cardiac
dysrythmia and severe hepato-toxicity as observed by Weber et al. at 30 µg/kg rhIL-6
sc daily for seven days, did not occur in our study [30]. Preliminary data from other
studies, reporting the effects of rhIL-6 after chemotherapy, showed no dose limiting
toxicity up to 10 µg/kg/d rhIL-6 [34,35]. The profile of the observed side effects in
these studies was comparable with our results.

As described earlier, rhIL-6 was administered pre-chemotherapy, with subsequent
increases in platelets and leukocytes at the start of the chemotherapy [31]. However
the depth and moment of platelet and leukocyte nadirs was not affected by this, as no
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differences were observed between cycle 1 and 2. There was a faster recovery of
platelets for the two highest rhIL-6 dose steps (10 and 20 µg/kg/d) in the first cycle,
and for the 10 µg/kg/d rhIL-6 dose step in the second cycle. Grade 4
thrombocytopenia was observed at all dose steps except for 5 µg/kg/d rhIL-6.
However, platelet transfusions were only administered at two patients at lower rhIL-6
doses (1.0 and 2.5 µg/kg/d).

RhIL-6 dose escalation did not prevent chemotherapy postponement, as four out
of five patients required a longer chemotherapy interval than before escalation.
However, cumulative bone marrow toxicity, mainly induced by thiotepa, might have
obscured the beneficial effects of rhIL-6 in consecutive cycles and thus of rhIL-6 dose
escalation [36]. Lestingi et al. observed an amelioration of the chemotherapy induced
thrombocytopenia, with higher nadir levels after rhIL-6 when compared with cycles
without rhIL-6 support [34]. In contrast to our results, they found a better response
at 1 than at 10 µg/kg/d rhIL-6. A faster recovery of platelets was observed by Hamm et
al. at a dose level of 5 µg/kg/d rhIL-6, co-administered with G-CSF. This effect seemed
to diminish in a second cycle [35].

No difference was observed in the mean number leukocytes between the different
rhIL-6 doses. A sharp increase in the number of monocytes occurred just after start of
rhIL-6 administration, while leukocytes and neutrophils still decreased. This increase
was also observed during the prechemotherapy administration of rhIL-6 [30,31]. A
significant, but reversible, decrease in hemoglobin levels was observed after the start
of rhIL-6 administration. Nadir hemoglobin levels occurred between day 8 and 15,
with subsequent rises, while rhIL-6 was still administered. Reticulocytes sharply
decreased after chemotherapy, but these numbers stabilized after initiation of rhIL-6
administration. Furthermore no signs of hemolysis was observed. Anemia during
rhIL-6 administration was reported in several animal and human
studies[25,27,30,31,34,37]. Even without chemotherapy a considerable decrease in
hemoglobin concentration occurred, associated with a decrease in serum iron, while
levels of folate, vitamin B12 and erythropoietin were normal [30,31]. Van Gameren et
al. found normal bone marrow iron stores and increased erythropoietin levels [31].
Because of the speed with which it occurred, it seems unlikely that this anemia was
caused by iron deficiency alone. Although a gradual decrease in hemoglobin is to be
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expected due to the chemotherapy treatment, hemoglobin levels decreased especially
during rhIL-6 administration. Recently, we showed that administration of 150 µg/d
rhIL-6 results in a 18 ± 5% increase in plasma volume [38]. Increases in plasma
volume during rhIL-6 administration were also observed by others[39]. Van Gameren
et al. found a rhIL-6 dose-dependent decrease in hemoglobin, and based on the work
of Nieken et al.[38] and Atkins et al.[39] this may have been due to a rhIL-6 dose-
related increase in plasma volume. These changes in plasma volume may have
affected the concentration of platelets at the moment the decrease in hemoglobin was
maximal. The levels of the acute phase proteins, CRP and SAA, showed an immediate
increase after the start of rhIL-6 administration. The range of the acute phase
response was approximately the same in the first and second cycle, which suggests
equivalent rhIL-6 bioactivity in both cycles. Effects on liver function were minimal, in
one patient WHO grade 3 toxicity was observed, which normalized spontaneously. A
reversible reduction of serum cholesterol was observed during rhIL-6 administration;
whether this is also due to shifts in plasma volume as suggested for the observed
anemia or due to actual decreases still remains to be established. However, decreases
in serum cholesterol have also been observed for other cytokines, i.e., granulocyte-
macrophage colony-stimulating factor and rhIL-3 and this may point to interferences
of these cytokines with cholesterol metabolism rather than to apparent decreases
[40,41].

In conclusion, rhIL-6 can be safely administered after chemotherapy up to doses of
10 µg/kg/d. Dose-limiting side effects were observed at 20 µg/kg/d rhIL-6. A faster
platelet recovery was observed at 10 and 20 µg/kg/d. At these doses, it did not affect
platelet nadir. Phase II/III studies are required to assess the clinical impact of rhIL-6
administration on chemotherapy-induced thrombocytopenia. The number of
monocytes increased following rhIL-6 administration. The cause of rhIL-6 induced
anemia remains unclear and warrants further study.
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Abstract

Purpose. Bone marrow suppression, especially thrombocytopenia is a major
impediment to chemotherapy dose-intensity. Both recombinant human interleukin-6
(rhIL-6) and to a lesser extent recombinant human granulocyte-macrophage colony-
stimulating factor (rhGM-CSF) have shown to stimulate thrombopoiesis. In this study
the effects of a combination of rhIL-6 and rhGM-CSF were evaluated before and after
chemotherapy. 

Methods. Non-small cell lung cancer- and breast cancer patients were eligible. RhIL-6
was initially given in a dose of 2.5 (n=3) and escalated to 5.0 µg/kg/day (n=4), rhGM-
CSF at a dose of 5.0 µg/kg/day in all patients. Two weeks before chemotherapy rhIL-6
+ rhGM-CSF were started and administered for 1 week, then, 4 days after
chemotherapy (mitoxantrone 10 mg/m2 and thiotepa 40 mg/m2) rhIL-6 + rhGM-CSF
were simultaneously given for 10 days. Chemotherapy was repeated every 3 weeks.
These patients were compared with a historical group (n=7) treated with rhIL-6 as the
only hematopoietic growth factor but otherwise identically. 

Results. Flu-like symptoms, consisting of fever, headache and myalgia were reported
frequently and appeared to be dose-limiting for the combination. Nausea and vomiting
occurred in the pre-chemotherapy period and were associated with rhIL-6
administration. Before chemotherapy, both rhIL-6 alone and rhIL-6 + rhGM-CSF
resulted in a similar increase in platelet numbers. RhIL-6 + rhGM-CSF lead to an
increase in leukocytes, whereas rhIL-6 alone did not affect leukocyte numbers. After
chemotherapy, the administration of rhIL-6 alone or rhIL-6 + rhGM-CSF did not result
in differences with regard to the nadir or recovery of either leukocytes or platelets. 

Conclusions. Stimulation of both platelets and leukocytes by rhIL-6 + rhGM-CSF
before chemotherapy was evident. However, this combination did not show synergistic
effects on hematopoiesis after chemotherapy. Compared to rhIL-6 alone, the
tolerability of the combination was lower, due to a higher incidence of flu-like
symptoms.
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Introduction

With the development of recombinant hematopoietic growth factors, the
amelioration of chemotherapy induced bone marrow depression has become one of
the challenges of medical research. In regimens in which myelosuppression is dose
limiting, the use of hematopoietic growth factors may result in increased
chemotherapy dose intensity. Reduction in the depth and duration of neutropenia
after standard chemotherapy has been achieved with recombinant human
granulocyte colony-stimulating factor (rhG-CSF) [1-3] and with recombinant human
granulocyte-macrophage colony-stimulating factor (rhGM-CSF) [4-6].
Thrombocytopenia then often remains the dose-limiting factor. In several clinical
studies recombinant human interleukin-3 (rhIL-3) [7,8] and rhIL-6 have
demonstrated stimulatory effects on thrombopoiesis and to a lesser extent on
leukopoiesis [9-11].

RhIL-6 is a pleiotropic cytokine with various functions. Its effects on
hematopoiesis are broad, with stimulatory activity on early progenitors as well as on
more differentiated cell types [12]. With respect to the latter, rhIL-6 has proliferative
effects on megakaryocytes in vitro and in vivo with a subsequent increase in platelet
numbers in preclinical experiments [13-24]. These results were confirmed in clinical
non-randomized studies, which demonstrated a faster recovery of platelets for higher
rhIL-6 doses after chemotherapy [11,25].

In vitro rhGM-CSF has stimulating activity on the proliferation of immature
myeloid progenitor cells and on more differentiated myeloid cells. Apart from
quantitative effects on leukocytes and platelets, rhGM-CSF administration also
resulted in augmented functional activity of neutrophils and monocytes [26].
Reduction of chemotherapy induced myelosuppression by rhGM-CSF was
demonstrated by several groups [4-6,27], and in a small randomized phase III study
reduction of the severity of neutropenia and thrombocytopenia after combination
chemotherapy was shown [28]. Synergism was suggested between rhIL-6 and rhGM-
CSF as demonstrated in vitro with regard to enhancement of growth and
differentiation of all myeloid lineages [29]. Animal data provided further evidence
that combination, in this case, of rhIL-3 and rhGM-CSF resulted in increased
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neutrophil and platelet recovery after radiation induced bone marrow aplasia [30].
Based on these data, it was hypothesized that a combination of rhIL-6 and rhGM-
CSF might also act synergistically with regard to chemotherapy induced
thrombocytopenia and neutropenia. Until now, no data are available on the
combined use of rhIL-6 and rhGM-CSF before and after chemotherapy in the clinical
setting.

To define tolerability and to assess efficacy, these hematopoietic growth factors
were administered in combination to patients with breast cancer and non-small cell
lung cancer (NSCLC) before and after chemotherapy. RhIL-6 was administered in a
dose known to be biologically active with limited toxicity. Based on a phase I study
[10], the starting dose was 2.5 µg/kg/day and was escalated to 5.0 µg/kg/day. RhGM-
CSF was used in a fixed dose of 5.0 µg/kg/day. The results obtained in this group
were compared with a cohort of patients treated according to the same protocol, with
rhIL-6 as the only hematopoietic growth factor [10].

Methods

Patients. Patients with stage III or IV breast cancer or disseminated NSCLC, between the

ages of 18 and 70 years, who had received no more than one prior chemotherapy regimen,

with a minimum life expectancy of more than 3 months, and with a Karnofsky score of 60 or

more were eligible. At entry, a leukocyte count ≥3.03109/l and a platelet count ≥1003109/l

were required. Patients with severe heart, lung, liver (serum bilirubin ≥40 µmol/l) or renal

impairment (serum creatinine ≥150 µmol/l) were excluded, as were patients with a history of

serious allergic reactions, rheumatoid arthritis, generalized psoriasis, membranous

glomerulonephritis or other autoimmune disease. Concomitant treatment with other

hematopoietic growth factors, cytokines, salicylates or corticosteroids was not allowed. The

study was approved by the Medical Ethical Committee of the University Hospital of

Groningen. All patients gave their written informed consent for the study.

Study design. Escherichia coli derived rhIL-6 (108 U/l protein) was provided by Novartis

Pharma Ltd. (Basel, Switzerland) in 2 ml vials of 150 or 750 µg undissolved lyophilisate and
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was reconstituted with 1 ml of sterile water. RhGM-CSF

with a specific activity of 83106 U/mg protein was

provided by Novartis Pharma Ltd. (Basel, Switzerland).

The vials containing 0.216 mg glycosylated rhGM-CSF,

were reconstituted with 2 ml of the enclosed vehicle.

The study design is shown in Figure 1. Both growth

factors were administered concurrently subcutaneously

(sc) for 7 days, starting day 1. Fourteen days after the start

of rhIL-6/rhGM-CSF chemotherapy was given

intravenously as a bolus, consisting of mitoxantrone

(Lederle, Belgium) 10 mg/m2 and thiotepa (Lederle,

Belgium) 40 mg/m2 both dissolved in 100 ml 0.9% NaCl.

After chemotherapy, rhIL-6 and rhGM-CSF were

administered for 10 days in the same dose as pre-chemo-

therapy starting day 19. The starting dose of rhIL-6 was

2.5 µg/kg/day, with the intention to escalate to 5.0, 10.0 and 20.0 µg/kg/day depending on

the occurrence of non-hematological toxicity. RhGM-CSF was given at a dose of 5 µg/kg/day

and was discontinued in case the leukocyte number raised above 203109/l. The planned

number of patients at each dose level was at least three. The results of the combination were

compared a cohort of patients (group B) who had received the same dose of rhIL-6, without

rhGM-CSF, in an otherwise identical regimen [10,11].

Chemotherapy was scheduled every 3 weeks. In case of incomplete hematological recovery

i.e. leukocytes <33109/l and/or platelets <1003109/l chemotherapy was postponed with

weekly intervals, for a maximum of 4 weeks, until bone marrow recovery. Prophylactic

platelet transfusions were administered for levels below 203109/l and red blood cell

transfusion for symptomatic anaemia. The number of chemotherapy cycles depended on the

tumour response, i.e. in case of progressive disease further treatment was discontinued. In

patients with stable disease, partial response, or complete response a total of 6 chemotherapy

cycles was foreseen.

The maximum tolerated dose of rhIL-6 and rhGM-CSF was defined as the doses preceding

that at which at least two patients experienced non-hematological WHO grade 3-4 toxicity or

debilitating toxicity leading to discontinuation of rhIL-6 and rhGM-CSF. Acetaminophen,

Days

rhIL-6
±

rhGM-CSF

CT*

pre-
chemotherapy
phase

*)  to be repeated every 3 weeks

chemotherapy

rhIL-6
±

rhGM-CSF

post-
chemotherapy
phase

1 8 15 19 28

Figure 1. Study design.
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with a maximum of 3 g per day, was administered orally to prevent fever or flu-like

symptoms. Anti-emetics (metoclopramide or ondansetron) were prescribed, if necessary, for

nausea.

Blood pressure, pulse and temperature were measured twice weekly, as were haemoglobin

concentration, platelet counts, leukocyte counts and differential counts. Once a week liver

(ASAT, ALAT, alkaline phosphatase and gamma GT) and renal function tests (serum

creatinine and BUN) were performed with subsequent determination of serum levels of

sodium, potassium, LDH, calcium, total protein, albumin, glucose and total cholesterol. C-

reactive protein (CRP, normal value <2 mg/l) and serum amyloid A (SAA, normal value <3

mg/l) were measured using enzyme-linked immunosorbent assays [31] and determined at

days 1, 5 and 15 in the pre-chemotherapy period.

Statistical Analysis. The two-tailed Wilcoxon test was used for statistical analysis.
The Chi-squared test was used to discern differences in discrete variables. P values
<0.05 were considered significant. Unless otherwise stated the two-tailed Wilcoxon
test was used.

Results

Patient characteristics. Three patients received a rhIL-6 dose of 2.5 mg/kg/day and
four patients received 5.0 mg/kg/day, both in combination with rhGM-CSF (group
A). Because of intolerable toxicity no further escalation of the rhIL-6 dose was
established. The results of this group (n=7) were compared with a historical control
group of seven patients who had received rhIL-6 only, comprising three patients at
2.5 µg/kg/d and four at 5.0 mg/kg/day (group B). As shown in Table 1, both groups
were equally balanced with regard to age, disease and prior treatment.

A total of 11 chemotherapy cycles were administered in group A and 17 in group B.
As no differences were observed between a rhIL-6 dose of 2.5 and 5.0 µg/kg/day with
respect to hematological effects, these doses were taken together in the analysis.
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Non-hematological toxicity. The major side-effects which occurred in the first che-
motherapy course are listed in Table 2. For all patients these symptoms were equal or
less severe in the pre-chemotherapy period compared to the post-chemotherapy
period. No grade 3-4 toxicity was observed in the pre-chemotherapy period. Fever,
headache and flu-like symptoms were reported by all patients. Nausea and vomiting
occurred during rhIL-6 ± rhGM-CSF administration, before as well as after chemothe-
rapy. Every patient experienced erythema at the injection site. Due to intolerable
symptoms consisting of a combination of headache, flu-like symptoms and nausea
and vomiting, two patients (group A) discontinued treatment after the first chemo-
therapy cycle. These patients received rhIL-6 as well as rhGM-CSF, both in a dose of
5.0 µg/kg/day.

No changes were observed in renal or hepatic function during the study, except for
one patient in group B in whom worsening of liver function parameters was
considered to be due to progressive metastatic disease.

Table 1. Patient characteristics.

rhIL-6/rhGM-CSF rhIL-6

A B

No. of patients 7 7

Sex (m/f) 1/6 1/6

Median age (range) 50 (36-62) 45 (29-63)

Prior therapy

chemo- and radiotherapy 5 5

none 2 2
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Hematological effects. The analysis of hematological parameters was performed in
the pre-chemotherapy period and the first post-chemotherapy period. In Table 3 the
incidence of hematological toxicity is listed.

Pre-chemotherapy, the maximum levels of leukocytes (mean±SEM) in group A were
reached at day 5, 18.0±3.3 vs 6.6±0.6 3109/l for group B (p=0.047). The increase in
leukocytes in the pre-chemotherapy period in group A was predominantly caused by
increases in the number of neutrophils and lymphocytes. After chemotherapy the

Table 2. Patients experiencing non-hematological toxicity, after chemotherapy 

(according to WHO-criteria).

Symptom rhIL-6/rhGM-CSF rhIL-6

A B

No. of patients 7 7

Fever

grade 1 1 2

grade 2 6 5

Headache

grade 1 2 2

grade 2 3 5

grade 3 2 0

Flu-like symptoms

grade 1 2 3

grade 2 3 4

grade 3 2 0

Nausea and vomiting

grade 0 3 4

grade 1-2 3 3

grade 3 1 0

Erythema at injection site 7 7
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number of leukocytes decreased. For group A the nadir was reached at day 27 with a
mean (±SEM) of 1.8±0.4 3109/l versus day 30 for group B with a mean (±SEM) of
1.9±0.3 3109/l (NS). The duration of the leukocyte recovery was approximately the
same for both groups (Figure 2). No grade 4 neutropenia nor neutropenic fever was
observed during this study.

The number of platelets demonstrated an increase from baseline to maximum
levels on day 15, 423±23 and 456±31 3109/l (mean±SEM) for group A and B
respectively (both vs baseline p=0.018). This resulted however, not in a difference
between the groups. After chemotherapy, the platelet nadir in group A was 57±14
3109/l (mean±SEM) and occurred on day 27, the nadir in group B was 115±35
3109/l and occurred on day 30. These differences were not significant (Figure 3).
During the whole study, grade 4 thrombocytopenia was observed in 7 out of 11
courses in group A versus 2 out of 17 courses in group B (NS). The number of platelet
transfusions was 6 out of 11 courses in group A versus 1 out of 17 courses in group B
(p<0.025, Chi-squared). No signs of bleeding were observed.

In the pre-chemotherapy period the mean (±SEM) hemoglobin concentration
decreased from 125±3 g/l to 115±3 g/l in group A (p=0.018) and from 126±3 g/l to

Table 3. The incidence of hematological toxicity which occurred after chemotherapy (cycles).

rhIL-6/rhGM-CSF rhIL-6

A B

No. of cycles 11 17

Blood transfusions 5 8

Grade 4 neutropenia 0 0

Neutropenic fever 0 0

Grade 4 thrombocytopenia 7 2

Platelet transfusions 6 1*

* p<0.025
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Figure 2. Leukocyte counts (mean±SEM) in patients who received

rhIL-6 plus rhGM-CSF (●) and rhIL-6 alone (●●), before and after the

first chemotherapy course (CT). HGF: rhIL-6 ± rhGM-CSF. 

*  p<0.05 between the two groups.
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Figure 3. Platelet counts (mean±SEM) in patients who received

rhIL-6 plus rhGM-CSF (●) and rhIL-6 alone (●●), before and after the

first chemotherapy course (CT). HGF: rhIL-6 ± rhGM-CSF.

106±7 g/l in group B (p=0.028), without significant differences between both groups.
After discontinuation of rhIL-6 with or without rhGM-CSF the haemoglobin
concentration returned to near-normal levels. In the first chemotherapy course this
reduction in hemoglobin concentration was more pronounced than before
chemotherapy (Figure 4). The number of courses in which blood transfusions were
administered for symptomatic anemia was 5/11 in group A and 8/17 in group B (NS).
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Biochemical effects. Acute phase responses as
determined by levels of CRP and SAA were determi-
ned on days 1, 5 and 15 of the pre-chemotherapy
period. Baseline levels of CRP (mean±SEM) were the
same for both groups, i.e., 13.7±5.7 (group A) vs
11.4±8.0 mg/l (group B). A CRP increase was obser-
ved for both groups at day 5, 288.6±30.6 (p<0.001)
260.0±31.6 mg/l (p<0.001) for group A and B respec-
tively, without differences between the groups. The
same pattern was observed for SAA. Baseline levels of
SAA were 6.3±1.8 and 4.6±1.8 mg/l for group A and B
respectively (NS). At day 5 these values increased to
292.9±96.0 (p=0.024) and 298.0±78.3 mg/l (p=0.021)
compared to day 1, for group A and B respectively,
without differences between the groups. Both CRP
and SAA levels returned to baseline within 7 days (=
day 15) after discontinuation of rhIL-6 with or wit-
hout rhGM-CSF.

Discussion

This study describes the effects of combined administration of rhIL-6 and rhGM-CSF
in humans. Dose-limiting toxicity was reached when rhIL-6 was administered in a
dose of 5 µg/kg/day in combination with rhGM-CSF in a dose of 5 µg/kg/day, due to
intolerable symptoms consisting of a combination of headache, flu-like symptoms
and nausea and vomiting. The doses were lower than the maximum tolerated doses of
rhIL-6 or rhGM-CSF as a single drug. In another report, higher combined doses of
rhIL-6 and rhGM-CSF were given, but the same type of symptoms were reported [32].

Pre-chemotherapy, the addition of rhGM-CSF to rhIL-6 resulted in a sharp increase
in the number of leukocytes, as could have been expected from rhGM-CSF alone.
After chemotherapy no additional hematological effects from rhGM-CSF were
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Figure 4. Hemoglobin concentration (mean±SEM) in patients who

received rhIL-6 plus rhGM-CSF (●) and rhIL-6 alone (●●), before and

after the first chemotherapy course (CT). HGF: rhIL-6 ± rhGM-CSF.
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observed. Even the higher number of leukocytes at the start of the first chemotherapy
course did not provide an advantage, as both groups had a similar leukocyte nadir
and recovery rate after chemotherapy. It should, however, be mentioned that this
chemotherapy regimen did not result in severe neutropenia. As no neutropenic fever
was observed in either group, minor protective effects may have been obscured.

Before chemotherapy the number of platelets demonstrated an impressive increase,
irrespective whether patients received rhIL-6 alone or in combination with rhGM-
CSF. After chemotherapy the platelet nadir occurred earlier and appeared to be
deeper for patients receiving the combination, but these differences were not
significant. When all the courses were compared, more platelet transfusions were
necessary for those receiving the combination (Table 3). So with regard to platelet
numbers, the addition of rhGM-CSF to rhIL-6 was even detrimental compared to
rhIL-6 alone. Similar results were obtained by O’Shaughnessy et al., for the
combination of rhIL-3 (instead of rhIL-6) and rhGM-CSF after chemotherapy; lower
platelet counts compared to controls were reported after the combination [33]. These
data are, however, in contrast with data from Budd et al., in which rhIL-6 (0, 1.0, 2.5
or 10.0 µg/kg/day) and rhG-CSF (5.0 µg/kg/day) were administered for 10 days
starting the day after chemotherapy (MAID). This combination resulted in less
courses with grade IV thrombocytopenia and subsequently in a reduced number of
platelet transfusions [34]. Whether this difference, compared to our data, is the result
of the fact that rhG-CSF was used instead of rhGM-CSF, the administration schedule
or the chemotherapy regimen remains unclear. In the non-human primate model the
combined administration of rhIL-6 and rhGM-CSF or rhG-CSF did not yield additive
hematological effects [24,35].

Administration of rhGM-CSF alone, before any chemotherapy, resulted in an
initial decrease in number of platelets [27], and after chemotherapy rhGM-CSF may
increase platelet nadir and affect platelet recovery [27,28]. In addition, Gianni et al.
demonstrated only a trend for less platelet transfusions in patients treated with
rhGM-CSF [36]. Administration of rhIL-6 after chemotherapy resulted in a faster
platelet recovery, without affecting platelet nadir [11]. Therefore, our finding that
combined administration of rhIL-6 and rhGM-CSF after chemotherapy resulted in
reduced platelet numbers and subsequently more platelet transfusions compared to
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rhIL-6 alone is rather unexpected. The fact that rhIL-6 and rhGM-CSF were started
only 4 days after chemotherapy may be critical, better results might have been
obtained if these factors had been administered directly after chemotherapy.

This study showed that the combination of rhIL-6 and rhGM-CSF after
chemotherapy is associated with a high frequency of side-effects and does not result
in superior hematopoietic recovery compared to rhIL-6 alone. Our aim to augment
platelet recovery after chemotherapy with this combination remained unsuccessful.
In a recently published paper, the combined administration of rhG-CSF and rhIL-3
seemed more efficacious. As this combination tended to augment multilineage
engraftment after myeloablative chemotherapy [37]. Furthermore, the use of more
specifically acting growth factors, such as the recently cloned thrombopoietin or
megakaryocyte growth and development factor may prove to be a better stimulator of
thrombopoiesis. Several groups have already demonstrated the effects of
thrombopoietin after chemotherapy and radiotherapy [38,39] and recently its effect
in humans was demonstrated before chemotherapy [40].
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Abstract

A patient is presented with Castleman’s disease with constitutional symptoms, a
palpable supraclavicular/axillar mass, and a microcytic anemia among other
laboratory abnormalities, including elevated levels of interleukin-6. Treatment
consisted of irradiation of the involved area, with subsequent disappearance of all
symptoms and normalization of the laboratory abnormalities. Iron kinetic studies
demonstrated a hypoproliferative erythropoiesis, which normalized after radiotherapy.
Hypoproliferative erythopoiesis could not be ascribed to serum inhibitors, since normal
burst-forming units were observed in the absence or presence of autologous serum.
The role of interleukin-6 in relation to Castleman’s disease is highlighted.
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Introduction

Castleman’s disease is a lymphoproliferative disorder of uncertain origin, which was
first described by Castleman et al. in 1956 [1]. Subsequently, Flendrig and Schillings
distinguished two histopathologic variants within the spectrum described by
Castleman [2,3], to which Keller et al. designated the terms: plasma-cell type and
hyaline-vascular type [4]. The former was characterized by a recognizable lymph node
architecture, hyperplastic germinal centers and intervening sheets of plasma cells, the
latter by abnormal germinal centers and abundant hyalinized vessels. After the
publication of these reports a multicentric lymphoproliferative disorder with systemic
symptoms and morphologic features of the plasma-cell type was described [5-7].

Although the pathogenesis of Castleman’s disease is still largely unknown, inte-
resting data recently emerged. Yoshizaki et al. demonstrated that interleukin-6 (IL-6)
is produced in large quantaties by the germinal center cells of hyperplastic lymph
nodes of patients with Castleman’s disease [8]. Furthermore, in one patient a strong
correlation between the decrease of IL-6 and the disappearance of the clinical
symptoms was observed after removal of affected lymph nodes [8]. Others reported
that treatment with anti-IL-6 antibody resulted in alleviation of symptoms in a
patient with Castleman’s disease [9].

With regard to the treatment of the multicentric variant limited data are available.
High dose corticosteroids have resulted in long lasting remissions [7,10].
Chemotherapy regimens, consisting of a single agent or combination treatment,
showed often only poor response rates [7]. Radiotherapy and/or surgery, especially for
localized disease, resulted in higher response rates [7,9].

In this case report a patient is presented with localized Castleman’s disease with
systemic effects, who demonstrated a complete response on local radiotherapy.
Subsequently the mechanism underlying the observed anemia is discussed and the
relation with IL-6 is highlighted.
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Case report

A 62-year-old man was referred to our hospital because of fatigue, weight loss,
progressive anemia and a palpable mass at the right-side of the neck, in the right
supraclavicular and axillar region. Otherwise, the physical exam showed no
abnormalities, no evidence of hepatosplenomegaly was observed.

The laboratory results demonstrated a microcytic anemia (Table 1). Leukocyte and
differential count were normal, platelets were above the upper normal limit. Renal
function was slightly impaired. Alkaline phosphatase (AF) and gamma GT were both
increased (390 units/l and 74 units/l respectively). Total protein and albumin were
respectively increased and decreased. Immunoelectropheresis revealed a polyclonal
increase in gammaglobulins (IgG and IgA), without evidence of paraproteins. In the
urine Bence Jones proteins were detected, positive for kappa and lambda chains.
Bone-marrow biopsy revealed an increase in the number of plasma-cells (<10 %) with
a normal aspect of the three hematopoietic lineages. In addition, iron staining of the
bone marrow was positive. Ferritine, C-reactive protein (CRP) and serum amyloid A
(SAA) levels were markedly elevated as shown in Table 1. CRP and SAA were
measured using enzyme-linked immunosorbent assays [11]. Serum IL-6
concentration was elevated at entry, up to 76 U/ml [12]. In vitro culture of bone
marrow cells with erythropoietin revealed normal erythroid colony formation with
330 burst forming units-erythroid (BFU-E)/13105 mononuclear bone marrow cells
[13]. Moreover, no serum inhibitor was demonstrated since comparable numbers of
BFU-E’s were found in the presence of autologous serum and normal fetal calf serum.
Serum erythropoietin level was increased before treatment, while serum transferrin,
serum iron, total iron binding capacity (TIBC) and transferrin saturation were
reduced. Iron kinetic studies, as described by Cazzola et al. [14] and Beguin et al. [15],
demonstrated a diminished plasma iron turnover, tissue iron uptake and erythron
transferrine uptake. The red cell iron utilisation was 100 %. Erythroid iron turnover
and marrow transit time were both reduced (Table 2). Bone X-rays showed no signs of
lytic defects. CT-scan of the chest and neck, showed various enlarged lymph nodes in
the right supraclavicular, infraclavicular and axillary region. Ultrasound and CT-
scanning of the abdomen revealed no abnormalities.
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Table 1. Various laboratory parameters before and after radiotherapy.

Before After Normal

Hemoglobin (g/l) 91 113 120-160

Hematocrit (%) 24.3 32.6 0.37-0.47

MCV (fL) 68 83.8 80-96

Leukocytes (3109/l) 8.2 4.9 4.0-11.0

Platelets (3109/l) 472 198 150-350

Alkaline phosphatase (U/l) 390 88 13-120

Gamma glutamyl transferase (U/l) 74 12 0-45

Lactate dehydrogenase (U/l) 148 192 114-235

SGOT (U/l) 33 23 0-40

SGPT (U/l) 19 15 0-30

Direct bilirubin (µmol/l) 7 11 0-5

Total protein (g/l) 125 66 65-79

Albumin (g/l) 24 40 34-47

IgG (g/l) 83.9 17.5 8.5-15.0

IgA (g/l) 9.8 4.7 0.9-4.5

IgM (g/l) 0.9 1.2 0.6-2.6

CRP (mg/l) 231 4 <2

SAA (mg/l) 450 9 <3

IL-6 (U/l) 73 4 <20
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Biopsy of affected lymph nodes demonstrated reactive plasmacytosis, indicative for
Castleman’s disease. Based on the clinical and laboratory abnormalities and in the
absence of other diseases the final diagnosis Castleman’s disease, a plasma cell variant
was made.

Clinical course. Because of the rather localized character of the disease in this
patient, it was decided to start radiotherapy. In daily fractions of 2 Gray (Gy) a total
of 40 Gy was administered to the involved sides; the right supraclavicular and axillary
region. Within two radiation sessions a subjective relief of the symptoms was reported
by the patient, with a consequent quick reduction in size of the enlarged lymph
nodes. After finishing radiotherapy the lymphadenopathy had resolved with complete

Table 2. Iron kinetics, before and after radiotherapy.

Before After Normal

Ferritin (µg/l) 1,000 43 36-262

Erythropoietin (U/l) 43.0 12.5 10-25

Transferrin (g/l) 1.33 2.26 2.5-4.3

Serum iron (µmol/l) 4 13 13-30

TIBC (µmol/l) 30 50 45-90

Transferrin saturation (%) 13 26 20-40

T1/2 plasma iron (min) 64 95 65-95

Plasma iron turnover (mg/dL) 0.24 0.53 0.54-0.88

Tissue iron uptake (mg/dL) 0.22 0.46 0.63

Erythron transferrin uptake (µmol/l) 21 46 48-72

Red cell iron utilisation (%) 100 ND 70-90

Erythroid iron turnover (mg/dL) 0.24 ND 0.56

Marrow transit time (days) 2.3 ND 3.5

ND = not determined
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disappearance of the clinical symptoms. No evidence of hepatosplenomegaly or other
abnormalities were found on physical examination at follow-up, 2 years after radio-
therapy.

Laboratory parameters. Before and after radiotherapy, various laboratory parame-
ters were determined (Table 1). The anemia ameliorated after radiotherapy to 113 g/l
without specific therapy, while the number of platelets decreased from 472 to
1983109/l. Both, AF and gamma-GT, showed a significant decrease after radiothera-
py compared to values before treatment. Acute phase proteins, i.e., CRP, SAA and fer-
ritine, sharply declined after the initiation of the radiotherapy and normalized during
radiotherapy. Total protein, IgG and IgA were increased before treatment and norma-
lized soon after radiotherapy was instituted. In addition, the albumin concentration
raised from below normal to normal, also during radiotherapy. IL-6 levels, which were
elevated before radiotherapy, declined from 76 to 4 U/ml. The abnormalities observed
with Fe-kinetic studies did also normalize after radiotherapy. The calculated plasma
volume demonstrated a decrease from 48 ml/kg at diagnosis to 36 ml/kg after treat-
ment.

Discussion

As demonstrated in this patient, localized Castleman’s disease affected various organ
systems leading to constitutional symptoms. Local radiotherapy on the tumor bulk
resulted in disappearance of all clinical and laboratory abnormalities. Only scarce
data are available concerning the use of this treatment-modality in Castleman’s
disease. In a paper by Frizzera et al. [7], one of 15 presented patients was treated with
radiotherapy, which resulted in a partial response of the lymphadenopathy. After
surgical excision complete responses, with disappearance of clinical symptoms and
normalization of laboratory abnormalities, have been observed [7,9].

In this case, localized lymphadenopathy and generalized symptoms point to the
localized production of a pathogenetic factor. Several authors have suggested a key-
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role for IL-6 in the pathogenesis of Castleman’s disease [8,9,16]. IL-6 is a pleiotropic
cytokine, that is produced in the body by a number of cell types, it stimulates various
hematopoietic lineages, especially megakaryocytopoiesis, induces an acute phase
response and has been shown to modulate T- and B-lymphocyte responses [17]. Since
recombinant human IL-6 (rhIL-6) became available, this cytokine has been the subject
of various studies in patients and the experience obtained with administering rhIL-6
gives additional insight in the pathogenesis of Castleman’s disease. RhIL-6
administration has consistently been associated with the occurrence of constitutional
symptoms. In addition acute phase responses were observed, with rapid increases in
CRP and SAA [18-23]. Other biochemical changes after rhIL-6 administration
included increases in gamma-GT, AF, and gammaglobulins [19,20,24]. In Castleman’s
disease the presence of systemic symptoms appeared to be associated with very high
levels of IL-6 gene expression and the extensive staining of IL-6 in follicles of affected
lymph nodes [16,25].

Anemia has been observed without exception in patients who received rhIL-6 either
as a hematopoietic growth factor [19,21,23] or as anti-cancer therapy [20,24,26]. As to
the mechanism of this anemia, Nieken et al. [24] and Atkins et al. [26] have
demonstrated increases in plasma volume shortly after the initiation of rhIL-6
administration. This is in agreement with our finding that subsequent to treatment
and a decrease in IL-6, the calculated plasma volume was reduced. Furthermore, a
rapid drop of serum iron has been observed after rhIL-6 administration in cancer
patients [19,23,24]. Animal data also demonstrated a rapid hypoferremia after rhIL-6
administration, due to the uptake of serum iron into the liver [27]. Our patient
presented with a microcytic anemia which normalized after radiotherapy. An iron
deficiency was excluded because of the presence of stainable iron in bone marrow.
Therefore decreased levels of transferrin, serum iron, TIBC, and transferrin saturation
were suggestive for anemia of chronic disease. Ferrokinetic studies demonstrated a
low normal plasma iron half-life and a reduced erythron transferrine uptake, which
point to the hypoproliferative character of this anemia and which were not ascribable
to soluble inhibitors. These data suggest that the anemia associated with concurrent
elevated IL-6 levels might initially be due to an increase in plasma volume, followed
by an inhibitory effect on the erythroid differentiation reflected by an
hypoproliferative erythropoiesis.
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In conclusion, this patient diagnosed with localized Castleman’s disease and
constitutional symptomatology, has remained disease free for more than 2 years after
radiotherapy was administered to the affected lymph nodes. The supposed
pathogenetic significance of IL-6 in this disorder is supported by data obtained from
patients treated with rhIL-6. Although, other cytokines may be involved in the
pathogenesis of Castleman’s disease, evidence for this is lacking [8,16].
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Summary, discussion and future perspectives

The scope of this thesis is the use of hematopoietic growth factors (HGF’s) after
‘standard’ chemotherapy with the aim to ameliorate bone marrow suppression. The
thesis is divided in two sections regarding interleukin-3 (IL-3) and interleukin-6 (IL-6)
respectively.

Interleukin-3. In vitro, IL-3 stimulates the proliferation and differentiation of
uncommitted and committed bone marrow precursors, which was found to result in
the stimulation of myelopoiesis, erythropoiesis and megakaryopoiesis in vivo. It was
the stimulation of thrombopoiesis which raised interest for the clinical use of recom-
binant human IL-3 (rhIL-3), with the aim to especially prevent chemotherapy induced
thrombocytopenia. In chapter 1 an overview is given of the use of rhIL-3 in clinical
oncology and the supposed role of endogenous IL-3 in allergic processes.

The occurrence of allergy-like side effects after rhIL-3 administration in various
studies was the reason for a collaborative investigation of the Divisions of Medical
Oncology and Allergy, of the University Hospital Groningen, into the cause of these
phenomena, as reported in chapter 2. The role of IL-3 as a mediator in inflammation
and allergic diseases is supported by numerous data from in vitro, pre-clinical and
clinical work. Side effects frequently reported after rhIL-3 administration to humans
are flu-like symptoms, fever, headache and myalgia. Less frequently, allergy-like side
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effects such as facial erythema, urticaria, conjunctivitis, dyspnea and edema of the lips
and eyelids were observed mostly after several courses of treatment. Furthermore,
rhIL-3 induced an eosinophilia even when the myelosuppression of the preceding
chemotherapy was still apparent. The objective of our controlled study was to
evaluate the in vivo effects of rhIL-3 administration on eosinophil activation. This
study was a part of a large randomized, multicenter, placebo-controlled trial, in which
rhIL-3 or placebo was administered after carboplatin-cyclophosphamide based
chemotherapy for ovarian cancer. Activation of eosinophils was determined by the
fraction of hypodense cells, the CD11b expression and their capacity to express
CD11b after priming with N-formyl-methionyl-leucyl-phenylalanine (fMLP) and
platelet-activating factor (PAF). It was demonstrated that eosinophils were activated
and primed in patients receiving rhIL-3. Whether this activation could result in the
above mentioned allergy-like side effects remained unclear, as these allergic symptoms
were not observed in the first course of treatment, but mostly after several courses
treatment.

In chapter 3 the results of a phase I study are reported in which rhIL-3 was
administered subcutaneously to patients treated with cyclophosphamide and
carboplatin for their ovarian cancer. In this study two dose levels of rhIL-3, 5 and 10
µg/kg/day, were compared to establish the optimal dose. Traditionally this
chemotherapy regimen was administered every 4 weeks, but because of the supposed
bone marrow stimulating effects of rhIL-3 the interval was reduced to 3 weeks. No
significant differences were observed in hematopoietic effects between the two rhIL-3
dose levels used. However, it appeared that more patients could be treated on a three-
weekly basis compared to an earlier treated group of patients treated with
chemotherapy alone. It was evident that the 10 µg/kg/day rhIL-3 dose was associated
with a higher frequency of side-effects, mainly due to flu-like symptoms. Therefore a
dose of 5 µg/kg/day was recommended for a large randomized, multicenter, phase III
trial.

The results of a combination of rhIL-3 and rhG-CSF vs just rhG-CSF, after a
paclitaxel based chemotherapeutic regimen for ovarian cancer are reported in 
chapter 4. As the response rates in relapsed ovarian cancer tend to be low, there is a
continuing search for more effective therapies in this group of patients. Paclitaxel is a
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new and effective chemotherapeutic agent, which has recently become available for
clinical use. It will inhibit the depolymerization of microtubuli formed during cell
mitosis, which constitutes a unique cytotoxic mechanism and it appeared to be active
in cisplatin resistant ovarian cancer. A phase III study in patients with primary
ovarian cancer showed a substantial increase in median survival compared to a
standard therapy [1]. However, a considerable fraction of patients will ultimately die
of their disease. In an effort to improve response rates paclitaxel was combined with
ifosfamide and cisplatin, supported by HGF. The purposes of this study were to
evaluate toxicity and efficacy of the cytotoxic regimen and to evaluate whether a
combination of HGF’s would allow synergistic hematopoietic effects after
chemotherapy. The rationale for the combination of rhIL-3 and rhG-CSF is based on
the premise that rhIL-3 stimulates the uncommitted precursors, thereby providing a
substrate for the proliferative effect of rhG-CSF. A 67% tumor response was achieved
in the evaluable patients, with substantial toxicity as a trade off. However, no additive
or synergistic effects were observed for the combination of rhIL-3 and rhG-CSF
compared to rhG-CSF alone, although there was a tendency for a faster platelet
recovery.

The papers presented in this section permit the following conclusions. RhIL-3
administration resulted in eosinophil stimulation, supposedly related to the
occurrence of allergy-like side effects found after prolonged rhIL-3 administration.
The use of rhIL-3 after standard chemotherapy resulted in a shorter treatment
interval. This allowed an increase in dose-intensity compared to historical controls,
but confirmatory phase III trials are lacking at this moment. Finally, the combination
of rhIL-3 and rhG-CSF did not result in additive or synergistic hematopoietic effects.

Interleukin-6. The reasons for the clinical interest in rhIL-6 are comparable to those
for rhIL-3. In chapter 5 an overview is given of the use of rhIL-6 in clinical oncology.
This pleiotropic cytokine can stimulate hematopoiesis. Its effects on stimulation of
thrombopoiesis initiated research aiming at reducing chemotherapy induced throm-
bocytopenia. Anemia is a consistent finding when rhIL-6 is administered to animals
and man and is probably partly due to hemodilution. Another aspect which raised cli-
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nical interest is the tumor-cell growth inhibiting effects which were observed in some
in vitro and pre-clinical experiments.

In chapter 6 the results of a rhIL-6 dose-finding study after chemotherapy are
reported. This study was a sequel to the work published by van Gameren et al.[2]
which concerned the administration of the same dose levels of rhIL-6 to the same
group of patients before chemotherapy. Nineteen breast- or non small cell lung
cancer patients received rhIL-6 in doses ranging from 0.5-20.0 µg/kg/day (in 6 dose
levels) after mitoxantrone and thiotepa. Dose-limiting toxicity was observed at 20
µg/kg/day and consisted of headache, fever and nausea. At rhIL-6 doses of 10 and 20
µg/kg/day a faster platelet recovery was observed compared to the lower dose levels,
without affecting platelet nadir.

The results of the administration of a combination of recombinant human
granulocyte-macrophage colony-stimulating factor (rhGM-CSF) and rhIL-6 before
and after chemotherapy are given in chapter 7. RhGM-CSF has stimulating activity
on early as well as on late bone marrow progenitors. Based on in vitro and preclinical
work it was hypothesized that combination with a late acting cytokine like rhIL-6
might yield hematopoietic synergism. In this study, seven patients were treated with a
combination of rhIL-6 and rhGM-CSF before and after mitoxantrone/thiotepa
chemotherapy. A historical group of patients treated identically with rhIL-6 only,
served as controls. Before chemotherapy the activity of rhIL-6 and rhGM-CSF was
evident, but following chemotherapy the combination did not result in enhanced
hematopoietic recovery. Furthermore, the combination of rhIL-6 and rhGM-CSF was
associated with a higher frequency of side-effects than rhIL-6 alone.

The last part of the second section is reserved for a case report (chapter 8). This
case report demonstrates the similarity in symptoms in patients with Castleman’s
disease and patients receiving rhIL-6. Castleman’s disease is a lymphoproliferative
disorder of uncertain etiology. There is mounting evidence of the pathogenetic role of
IL-6 in this disorder. Malaise, fatigue, low-grade fever, acute phase responses,
hypergammaglobulinemia and anemia were observed in this patient and were
thought to be associated with IL-6 overproduction of the involved lymph nodes. As to
the cause of the anemia in this patient, which normalized after treatment, it was
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considered the result of a hypoproliferative bone marrow, based on ferrokinetic
studies, in the absence of a serum inhibitor and an increased plasma volume.

In conclusion,  rhIL-6 administration induced a faster platelet recovery after
chemotherapy, without affecting platelet nadir. The combination with rhGM-CSF
proved to be ineffective and resulted in substantial toxicity. Prominent side-effects of
rhIL-6 administration or overproduction of IL-6 are general malaise and anemia
based on hemodilution with depressed erythropoiesis.

Discussion and future perspectives

The cytokines, rhIL-3 and rhIL-6, the subject of this thesis were only partially
successful in ameliorating chemotherapy-induced thrombocytopenia and controlled
phase III trials, have not been published until now. In the case of rhIL-6, it is
remarkable that there is such a discrepancy between the in vitro effects and the in
vivo data. An explanation could be a diminished biological availability. Clearance
studies have demonstrated a rapid disappearance of injected IL-6 [3], which could be
retarded by using polyethylene glycol conjugated IL-6 (pegylated IL-6), resulting in
enhanced thrombopoiesis [4,5]. The marked thrombopoietic activity of pegylated IL-6
compared to native IL-6 merits further studies in man.

Among IL-3 and IL-6, other cytokines such as stem cell factor (SCF) or c-kit ligand,
IL-11 and leukemia inhibiting factor (LIF) affect thrombopoiesis. However, in vitro,
none of these cytokines or combinations were able to fully develop platelets from
megakaryocyte progenitors. In this respect, the recently discovered c-Mpl ligand [6-9],
thrombopoietin (TPO), may be a major breakthrough. Several studies suggest that
TPO is the primary regulator of thrombopoiesis, and that it supports the
proliferation, differentiation, and maturation of megakaryocytes (MK) and their
precursors, resulting in their terminal fragmentation into platelets, as reviewed by
Kaushansky [10]. Due to complex interactions, in vivo, between bone marrow cells
and constitutive and inducible cytokines, it is difficult to analyze the individual
contribution of various cytokines to thrombopoiesis. Therefore, sophisticated in vitro
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systems, to minimize external factors, have been used to test the functional capacity
of individual or combinations of cytokines. In one of these studies, blocking TPO-
activity virtually eliminated MK despite the presence of IL-6, IL-11 and c-kit ligand.
IL-3 supported the proliferation and the initial stages of MK-differentiation in the
absence of TPO, but full maturation was dependent on TPO [11]. In another in vitro
study with higly purified CD 34+MK progenitors, TPO was the principal factor
controlling the proliferation and maturation of MK , however, the availability of IL-3,
IL-6 and SCF appeared to be critical. Interestingly, IL-3 inhibited both the maturation
and polyploidization of MK induced by TPO, thus conserving the immature MK-
compartment [12]. Although there are strong arguments which favor the idea that
thrombopoiesis is fully dependent on TPO, this is still unclear. TPO-receptor (Mpl-R)
deficient mice have their megakaryocyte and platelet levels reduced to 15% compared
to controls. Suggesting that other pathways to produce platelets may exist [13], IL-3
in combination with IL-6 or more likely IL-11 are the possible candidates for an
alternative pathway [10].

These and other in vitro results paved the way for pre-clinical studies,
demonstrating evident thrombopoietic activity of TPO in a mouse model and in non-
human primates respectively before and after chemotherapy [14,15]. To overcome
problems with the stability of TPO, biochemically modified recombinant human
TPO, or megakaryocyte growth and development factor (MGDF Amgen), is currently
used in man. The first studies in man have confirmed the thrombopoietic activity of
MGDF [16] even after chemotherapy [17]. The results of these studies are rewarding,
but controlled trials using more thrombotoxic regimens are needed to establish the
true value of MGDF. In addition, unwanted proliferative effects of TPO/MGDF in
hematological as well as in solid tumors should be looked for carefully, as acute
myeloblastic leukemia cells appeared to proliferate in respons to TPO [18].

In the near future, pending phase I and II trials with MGDF, combinations with
other thrombopoietic cytokines like rhIL-3 or a myeloid stimulating cytokine may be
worthwhile to consider. Combining rhIL-3 and MGDF would be interesting due to
the fact that rhIL-3 generates immature MK-progenitors, which could serve as a
substrate for MGDF. Combinations with rhGM-CSF or rhG-CSF may be interesting
in avoiding both chemotherapy induced thrombocytopenia and neutropenia. In
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myelosuppressed mice the combination of TPO and G-CSF has demonstrated
synergism with respect to neutrophil recovery [19], and GM-CSF has augmented the
stimulation of TPO on both thrombocytes and reticulocytes [20]

Despite the pivotal role of TPO in thrombopoiesis, it remains to be awaited
whether significant chemotherapy dose intensification will be achieved with the use
of this cytokine alone or in combination after chemotherapy. Based on the results
with other hematopoietic growth factors, it might be expected that the impact of
such an increase in dose intensity will probably be too small to have significant effects
on survival. Consequently, other methods to increase chemotherapy dose intensity
will remain necessary. In this light, the role of HGF’s in dose-intensive chemotherapy
will be briefly discussed next, as this may have important implications for the near
future.

The clinical value of dose-intensive chemotherapy in solid tumors is still largely
unknown. Various publications have demonstrated increased response rates and
better overall survival for certain tumor types [21-23], whereas others found no
benefit [24,25]. Escalation or intensification of chemotherapy dose beyond the
‘standard’ dosing range requires effective hematologic support. This was initially
based on autologous bone marrow transplantation and is currently rapidly replaced
by peripheral stem cell autotransplantation. The mobilisation of peripheral stem cells
commonly exploits the combination of postchemotherapy rebound and HGF
support. The use of HGF’s in this respect is different compared to the use described
in this thesis, which aimed at preventing myelosuppression after chemotherapy. The
most extensively studied mobilizing HGF’s are rhGM- and  especially rhG-CSF, which
may induce up to a 100 fold increase in peripheral progenitor cells [26,27]. However,
there are indications that combination with a more early acting cytokine such as
rhIL-3 yields a higher number of peripheral progenitor cells, detected as CD34+-cells.
[28,29]. The effects of rhIL-6 in this respect proved to be disappointing, as only minor
increases in peripheral progenitors were observed compared to rhGM- and rhG-CSF
[30]. Preliminary results indicate that MGDF may also enhance the mobilisation of
pluripotent peripheral blood progenitor cells by chemotherapy and rhG-CSF [31].

Mobilisation of peripheral blood progenitors requires the passage of a large volume
of blood for leukopheresis, inherently carrying the risk of tumor cell contamination.
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A method to minimize this risk is to stimulate the proliferation of these blood
progenitor cells ex-vivo with the use of HGF’s, coming from a relatively small volume
of blood. A pilot study has demonstrated its feasibility after high-dose chemotherapy
and controlled studies are now necessary to assess its value [32,33].

The role of HGF’s in the hemopoietic recovery after high dose chemotherapy is still
unclear, as various studies have provided contradictory results [34-36]. However, the
combined use of rhG-CSF and rhIL-3 resulted in an increased proliferation and
concentration of bone marrow progenitors [37] and subsequently demonstrated an
accelerated hematopoietic recovery compared to rhG-CSF alone [38].

Based on phase I-II trials the thrombopoietic effects of rhIL-3 and rhIL-6 after
standard chemotherapy are limited to a faster platelet recovery, without affecting the
platelet nadir. Although as yet no phase III data are available, a closer adherence to
standard chemotherapy schedules will probably be the best achievable result of the
prophylactic use of rhIL-3 and rhIL-6. However, the modification of cytokines, like
pegylation, may be a new approach to improve the early results. Regarding the use of
HGF’s in harvesting peripheral blood progenitors, the combination of rhIL-3 with a
myeloid HGF appeared to be superior to harvesting following a myeloid HGF alone.
Finally, ex-vivo generation of peripheral blood progenitors is a new way of providing
hematologic support after myeloablative chemotherapy, in which existing and new
HGF’s will play a crucial role.
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Samenvatting

Samenvatting, discussie en toekomst

Dit proefschrift gaat over het gebruik van hematopoietische groeifactoren (HGF) na
‘standaard’ chemotherapie om de geïnduceerde beenmergsuppressie, vooral de
thrombocytopenie, te verminderen. Het eerste deel van het proefschrift gaat over
interleukine-3 (IL-3), het tweede deel over interleukine-6 (IL-6).

Interleukine-3. Uit in vitro-onderzoek is gebleken dat IL-3 de proliferatie en
differentiatie van stamcellen in het beenmerg kan stimuleren, met als resultaat de
bevordering van de myelopoiese, de erythropoiese en de thrombopoiese. Met name de
waargenomen stimulatie van de ontwikkeling van thrombocyten leidde tot de klini-
sche toepassing van ‘recombinant human’ IL-3 (rhIL-3), met als doel het verminderen
van de door de chemotherapie veroorzaakte thrombocytopenie. In hoofdstuk 1
wordt een overzicht gegeven van het gebruik van IL-3 in de oncologie. Verder wordt
stilgestaan bij de rol van endogeen IL-3 bij het ontstaan van allergische aandoeningen.

Het optreden van allergische reacties na IL-3-toediening, zoals gerapporteerd in
verschillende studies, was de reden voor een gezamenlijk onderzoek van de afdelingen
Medische Oncologie en Allergologie van het Academisch Ziekenhuis Groningen
(hoofdstuk 2). Uit recente publikaties blijkt dat IL-3 nauw betrokken is bij het
optreden ontstekingsreacties en allergische aandoeningen. Frequent voorkomende
bijwerkingen van rhIL-3 zijn griepachtige verschijnselen, zoals koorts, hoofdpijn en
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myalgieën. Minder vaak worden allergische symptomen, zoals erytheem van het
gelaat, urticaria, conjunctivitis, dyspnoe en oedeem van lippen of oogleden genoemd;
deze treden meestal op na herhaalde behandeling met rhIL-3. RhIL-3 veroorzaakt een
toename van het aantal eosinofiele granulocyten, zelfs in die situaties waar de
celremmende werking van de voorafgaande chemotherapie nog merkbaar is. Het doel
van onze studie was om bij patiënten het effect van rhIL-3 op de activatie van
eosinofiele granulocyten te onderzoeken. De studie was een onderdeel van een groot
gerandomiseerd onderzoek, waarin patiënten met een ovariumcarcinoom òf rhIL-3 òf
placebo kregen toegediend na eenmalige toediening van carboplatin en
cyclofosfamide. De activatie van eosinofiele granulocyten werd vastgesteld door het
bepalen van het aantal hypodense eosinofiele granulocyten, de mate van CD11b
expressie en de induceerbare expressie van CD11b na ‘priming’ met N-formyl-
methionyl-leucyl-phenylalanine (fMLP) en platelet-activating factor (PAF). We hebben
aangetoond dat rhIL-3 in staat was tot activatie van eosinofiele granulocyten.
Bovendien bleek dat eosinofiele granulocyten van met rhIL-3 behandelde patiënten
gevoeliger zijn voor activerende prikkels. In hoeverre deze activatie de oorzaak is van
de eerder genoemde allergische symptomen blijft onduidelijk, omdat tijdens deze
studie, in de observatieperiode in de eerste kuur, dergelijke verschijnselen niet zijn
opgetreden.

In hoofdstuk 3 worden de resultaten van een fase-I-studie weergegeven, waarin
rhIL-3 subcutaan werd toegediend aan patiënten met een ovariumcarcinoom na
behandeling met carboplatin en cyclofosfamide. Het effect van twee rhIL-3
doseringen, 5 en 10 µg/kg/dag, werd vergeleken om tot een optimale rhIL-3 dosering
te komen. Het gebruikelijke toedieningsschema was één keer in de vier weken, maar
gezien het te verwachten beenmergstimulerende effect van rhIL-3 werd getracht om in
deze studie eens per drie weken te behandelen. Tussen de beide rhIL-3-doseringen
werden geen verschillen in hematopoietische effecten gevonden. Wel bleek dat een
groter aantal patiënten drie wekelijks kon worden behandeld dan een vroeger
behandelde groep patiënten zonder rhIL-3. Een dosis van 10 µg/kg rhIL-3 per dag
ging gepaard met meer bijwerkingen, hoofdzakelijk bestaande uit griepachtige
verschijnselen. Om die reden werd een dosis van 5 µg/kg rhIL-3 per dag als richtlijn
aanbevolen voor een grotere, gerandomiseerde, fase-III-studie.
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In hoofdstuk 4 worden de resultaten vergeleken van behandeling van patiënten
met een recidief ovariumcarcinoom met de combinatie rhIL-3 en ‘recombinant
human granulocyte colony-stimulating factor’ (rhG-CSF) en met rhG-CSF alleen, na
paclitaxel bevattende chemotherapie. Gezien de lage responspercentages bij de
behandeling van een recidief ovariumcarcinoom is onderzoek naar effectieve
behandelingsmogelijkheden een bittere noodzaak. Paclitaxel is een nieuw en effectief
cytostaticum dat sinds kort beschikbaar is voor klinisch gebruik. Het
werkingsmechanisme is uniek en berust op de inductie van polymerisatie van het
tubuline. Met als gevolg een condensatie van disfunctionele microtubuli tijdens de
mitose, waardoor celdeling wordt verhinderd. In ongecontroleerde studies bleek
paclitaxel effectief in cisplatine-resistent ovariumcarcinoom. Een fase-III-studie bij
patiënten met een primair ovariumcarcinoom liet een toename zien in de mediane
overleving t.o.v. de standaard behandeling [1]. De meeste patiënten zullen echter
uiteindelijk toch overlijden aan de ziekte. Met het doel de respons te verbeteren werd
paclitaxel gecombineerd met ifosfamide en cisplatine, aangevuld met
hematopoietische groeifactoren. De doelstellingen van deze studie waren de evaluatie
van de toxiciteit en effectiviteit van het chemotherapeutisch regime enerzijds en het
bestuderen van een mogelijk synergistisch effect van gecombineerd gebruik van
HGF’s anderzijds. De ratio achter de combinatie rhIL-3 en rhG-CSF berust op de
aanname dat rhIL-3 vroege voorlopercellen induceert die op hun beurt weer substraat
zijn voor rhG-CSF. In deze studie werd een respons van 67% bereikt, helaas gepaard
gaande met forse toxiciteit. Helaas werden er geen additieve of synergistische effecten
gezien van de combinatie van rhIL-3 en rhG-CSF versus rhG-CSF alleen, alhoewel het
herstel van het thrombocytenaantal iets sneller leek te gaan.

Op grond van bovenstaande artikelen kunnen de volgende conclusies  worden
geformuleerd:
– RhIL-3-toediening resulteert in de stimulatie van eosinofiele granulocyten. Dit ligt

mogelijk ten grondslag aan het ontstaan van allergische bijwerkingen, zoals gevon-
den bij herhaald rhIL-3-gebruik.

– Het gebruik van rhIL-3 na ‘standaard’ (conventionele) chemotherapie liet een ver-
korting van het behandelingsinterval toe en leidde daarmee tot een toename van de
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dosisintensiteit vergeleken met een historische controlegroep. Bevestigende fase-III-
studies ontbreken echter.

– Het gecombineerd gebruik van rhIL-3 en rhG-CSF liet geen additieve of synergisti-
sche hemopoietische effecten zien.

Interleukine-6. In hoofdstuk 5 wordt een overzicht gegeven van het gebruik van
rhIL-6 in de klinische oncologie. Dit pleiotrope cytokine kan de hematopoiesis stimu-
leren. Met name de stimulatie van de thrombopoiesis, initieerde onderzoek gericht op
het reduceren van door chemotherapie geïnduceerde thrombocytopenie. Een andere
reden voor de klinische interesse in rhIL-6 is het feit dat zowel in vitro als in pre-klini-
sche experimenten groeiremmende effecten op de tumorcel zijn waargenomen. Een
consistente bevinding bij de toediening van rhIL-6 aan proefdieren en de mens is het
optreden van anemie; waarschijnlijk is dit het gevolg van hemodilutie.

De resultaten van een ‘dose-finding’ studie met rhIL-6 na chemotherapie worden
weergegeven in hoofdstuk 6. Dit onderzoek was het vervolg op een studie,
gepubliceerd door van Gameren et al. [2], waarbij rhIL-6 in dezelfde doseringen aan
dezelfde groep patiënten werd gegeven vóór chemotherapie. Negentien patiënten met
een mammacarcinoom of een niet-kleincellig bronchuscarcinoom kregen rhIL-6 in
doseringen variërend van 0.5-20.0 µg/kg/dag (in 6 dosisstappen) na mitoxantrone en
thiotepa. Dosislimiterende toxiciteit, bestaande uit hoofdpijn, koorts en
misselijkheid, werd gezien bij 20.0 µg/kg rhIL-6 per dag. Een sneller herstel van
thrombocyten werd gezien bij rhIL-6 doseringen van 10.0 en 20.0 µg/kg/dag in
vergelijking met lagere rhIL-6 doses, zonder dat er een effect op de thrombocyten-
nadir aantoonbaar was.

De resultaten van het gecombineerd toedienen van ‘recombinant human
granulocyte-macrophage colony-stimulating factor’ (rhGM-CSF) en rhIL-6 vóór en na
chemotherapie zijn weergegeven in hoofdstuk 7. RhGM-CSF kan zowel vroege als
late stamcellen stimuleren. Op grond van in vitro- en pre-klinische studies
verwachtten we dat combinatie met een laatwerkende groeifactor zoals rhIL-6
aanleiding zou kunnen geven tot synergisme. In deze studie werden zeven patiënten
behandeld met een combinatie van rhGM-CSF en rhIL-6 vóór en na behandeling met
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mitoxantrone en thiotepa. De (historische) controlegroep bestond uit patiënten die
met rhIL-6 alleen waren behandeld volgens een identiek schema. De bekende effecten
van rhGM-CSF en rhIL-6 waren onmiskenbaar aanwezig voor chemotherapie, na
chemotherapie werd echter geen toegenomen hematopietische activiteit gevonden.
Daarnaast gaf de combinatie van rhGM-CSF en rhIL-6 aanleiding tot een hogere
frequentie aan bijwerkingen dan rhIL-6 alleen.

In het laatste hoofdstuk van het tweede deel wordt een casus gepresenteerd
(hoofdstuk 8). Deze casus laat duidelijk de overeenkomst in symptomen zien tussen
een patiënt met de ziekte van Castleman en patiënten die rhIL-6 krijgen toegediend.
De ziekte van Castleman is een lymfoproliferatieve aandoening met onbekende
etiologie. Er zijn steeds meer aanwijzingen dat IL-6 een rol speelt bij de pathogenese
van deze aandoening. Algehele malaise, vermoeidheid, subfebriele temperatuur, acute-
faserespons, hypergammaglobulinemie en anemie werden waargenomen bij deze
patiënt en zijn mogelijk geassocieerd met een overproduktie van IL-6 in de aangedane
lymfeklieren. De waargenomen anemie verdween na behandeling en was blijkens
ijzerkinetiekstudies het gevolg van hypoproliferatie van het beenmerg zonder dat er
een remmer in het serum van de patiënt kon worden aangetoond. Daarnaast bleek er
sprake te zijn van hemodilutie.

Samenvattend vonden we dat de toediening van rhIL-6 leidde tot een snellere stijging
van het thrombocytenaantal na chemotherapie, zonder effect op de
thrombocytennadir. De combinatie met rhGM-CSF bleek ineffectief en resulteerde in
een toegenomen toxiciteit. De belangrijkste bijwerkingen van rhIL-6-toediening en/of
IL-6 overproduktie zijn algehele malaise met anemie op basis van hemodilutie en
afgenomen erythropoiesis.

Discussie en toekomst

RhIL-3 en rhIL-6, de onderwerpen van dit proefschrift, bleken slechts gedeeltelijk in
staat tot het verminderen van door chemotherapie geïnduceerde thrombocytopenie.
Placebo-gecontroleerde fase-III-studies zijn tot op heden niet gepubliceerd. Bij rhIL-6
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is het opmerkelijk dat er zo’n discrepantie bestaat tussen de in vitro en de in vivo
effecten. Hiervoor is als verklaring de beperkte biologische beschikbaarheid
aangevoerd. In klaringsstudies wordt een snelle verdwijning gezien van geïnjecteerd
rhIL-6 [3]. Dit kon worden vertraagd door gebruik van aan polyethyleenglycol
gekoppeld rhIL-6 (peg-IL-6), wat resulteerde in een toename van de thrombopoiesis
[4,5]. Deze toegenomen thrombopoietische activiteit van peg-IL-6 t.o.v.
ongeconjugeerd IL-6 zou aanleiding kunnen zijn voor verdere klinische studies met
peg-IL-6.

Naast IL-3 en IL-6 zijn er andere HGF’s, zoals ‘stem cell factor’ (SCF) of de ligand
voor ‘c-kit’, IL-11 en ‘leukemia inhibiting factor’ (LIF), die de thrombopoiesis
beïnvloeden. Echter geen van deze cytokines, alleen of in combinatie, is in vitro in
staat om de volledige ontwikkeling van een megakaryocytvoorloper tot thrombocyt te
induceren. In dit opzicht zou de recent ontdekte ligand voor c-Mpl of
thrombopoietine (TPO) een belangrijke doorbraak kunnen zijn [6-9]. Verschillende
studies suggereren dat TPO de primaire regulator is van de thrombopoiesis. Het
stimuleert de proliferatie, differentiatie en rijping van megakaryocyten (MK) en hun
voorlopers, resulterend in de uiteindelijke terminale fragmentatie tot thrombocyten
[10]. Tengevolge van complexe interacties in vivo tussen beenmergcellen en aanwezige
of induceerbare cytokines, is het moeilijk om de bijdrage van de diverse cytokines
m.b.t. de thrombopoiese nauwkeurig te analyseren. Daarom worden er ingewikkelde
proefopstellingen gebruikt om de functionele capaciteit van individuele cytokines en
combinaties te testen. In een van deze studies bleek het blokkeren van TPO-activiteit
de vorming van MK volledig te remmen, ondanks de aanwezigheid van IL-6, IL-11 en
de ligand voor c-kit. IL-3 bleek de proliferatie en de initiële fase van MK differentiatie
te ondersteunen in afwezigheid van TPO, maar volledige rijping was afhankelijk van
TPO [11]. In een andere in vitro studie met ‘highly purified’ CD34+ MK-
voorlopercellen bleek TPO de belangrijkste stimulator van de proliferatie en de
rijping van MK, echter alleen in aanwezigheid van IL-3, IL-6 en SCF. IL-3 remt de
door TPO geïnduceerde rijping en polyploidisatie van MK, en conserveert daarmee
het compartiment MK-voorlopercellen [12]. Alhoewel er sterke argumenten zijn voor
de hypothese dat thrombopoiesis volledig afhankelijk is van TPO, is dit niet bewezen.
Bij muizen die de receptor missen voor TPO, blijkt dat het aantal MK en
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thrombocyten toch nog 15% is van die van controles. Hiermee wordt de suggestie
gewekt dat er andere wegen zijn om thrombocyten te produceren [13]. De meest voor
de hand liggende alternatieve kandidaten zijn IL-3 in combinatie met IL-6 of
(waarschijnlijker) IL-11 [10]. Bovengenoemde en andere in vitro resultaten waren
aanleiding tot pre-klinische studies, die duidelijk thrombopoietische activiteit lieten
zien van TPO in muizen en in niet-humane primaten, respectievelijk voor en na
chemotherapie [14,15]. In de mens wordt, om de stabiliteit te verbeteren, biochemisch
gemodificeerd recombinant humaan TPO gebruikt, ook wel ‘megakaryocyte growth
and differentiation factor’ (MGDF, Amgen) genoemd. De eerste studies in de mens
laten zowel vóór [16] als na [17] chemotherapie thrombopoietische activiteit van
MGDF zien. De resultaten van deze studies zijn veelbelovend, maar gecontroleerd
onderzoek waarin gebruik gemaakt wordt van meer cytotoxische chemotherapie is
nodig om de werkelijke waarde van MGDF te bepalen. Daarnaast moet nauwkeurig
naar ongewenste proliferatieve effecten van TPO/MGDF op hematologische
aandoeningen en solide tumoren worden gekeken, daar bijvoorbeeld acute
myeloblastaire leukemie cellen bleken te prolifereren o.i.v. TPO [18]. Voor de nabije
toekomst is, afhankelijk van de resultaten van de lopende fase I/II studies, onderzoek
met combinaties van MGDF met rhIL-3 of met een myeloide reeks stimulerende
groeifactor te overwegen. Het combineren van rhIL-3 en MGDF lijkt interessant
vanwege het feit dat rhIL-3 onrijpe MK precursors genereert, die weer een substraat
zijn voor MGDF. Combinaties met rhG-CSF of rhGM-CSF zouden van waarde
kunnen zijn bij het voorkómen van door chemotherapie geïnduceerde
thrombocytopenie en neutropenie. In muizen met een onderdrukte hematopoiese die
een combinatie van TPO en G-CSF kregen toegediend, werd een synergistisch effect
op het herstel van neutrofiele granulocyten gezien [19]. GM-CSF versterkte het effect
van TPO op zowel thrombocyten als reticulocyten [20].

Ondanks de essentiële rol van TPO in de thrombopoiesis, is het maar zeer de vraag
of het gebruik ervan, alleen of in combinatie met andere HGF’s, aanleiding kan geven
tot een klinisch significante toename van de dosis chemotherapie. Gebaseerd op
resultaten met andere HGF’s is de kans groot, dat de toename in dosisintensiteit te
gering zal zijn om veel aan de effectiviteit te kunnen bijdragen. Daarom zullen andere
methoden om de dosisintensiteit van chemotherapeutica te verhogen noodzakelijk
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blijven. Het gebruik van HGF’s bij deze methoden zal hier kort worden toegelicht,
aangezien dit belangrijke implicaties heeft voor de toekomst.

De klinische waarde van zogenaamde dosis-intensieve of hoge-dosischemotherapie
in solide tumoren is grotendeels onbekend. Diverse publikaties laten een verbeterde
respons en overleving zien voor bepaalde tumoren [21-23], terwijl andere auteurs geen
voordelen vonden [24,25]. Het verhogen of het intensiveren van de standaard
chemotherapiedosis vereist een effectieve hematologische ondersteuning. Initieel
werd dit bereikt door autologe beenmergtransplantatie en thans wordt dit
grotendeels vervangen door autotransplantie van perifere stamcellen. Het mobiliseren
van perifere stamcellen berust in het algemeen op een ‘rebound’ van de stamcellen na
chemotherapie, ondersteund door een HGF. Het gebruik van HGF’s voor dit doel is
wezenlijk anders dan beschreven in dit proefschrift, waarbij het gericht was op het
voorkomen van beenmergsuppressie na chemotherapie. De best bestudeerde
mobiliserende HGF’s zijn rhGM- en rhG-CSF, die beide een 100-voudige toename van
het aantal perifere stamcellen kunnen induceren [26,27]. Er zijn echter indicaties dat
combinatie met een vroegwerkend HGF, zoals rhIL-3, een nog hogere opbrengst geeft
van perifere stamcellen [28,29]. De effecten van rhIL-6 op dit gebied zijn
teleurstellend, omdat slechts een geringe toename van de perifere stamcellen werd
gezien in vergelijking tot rhGM- en rhG-CSF [30]. Voorlopige resultaten duiden er op
dat ook MGDF het mobiliseren van pluripotente stamcellen door chemotherapie en
rhG-CSF kan bevorderen [31].

Voor het mobiliseren van perifere stamcellen is de passage van een grote
hoeveelheid bloed voor leukoferese noodzakelijk, met het intrinsieke risico op
tumorcelcontaminatie van het ferese product. Om dit risico te verkleinen kan gebruik
worden gemaakt van een methode waarbij de proliferatie van perifere stamcellen,
afkomstig uit een relatief kleine hoeveelheid bloed, ex-vivo gestimuleerd wordt door
HGF’s. De haalbaarheid van deze methode na hoge-dosischemotherapie is in een
‘pilot’-studie vastgesteld, maar gecontroleerde studies zijn vereist om de meerwaarde
ervan aan te tonen [32,33].

Het is niet aangetoond dat HGF’s na hoge-dosischemotherapie een snellere
regeneratie geven, de resultaten van de verschillende studies zijn wat dat betreft
tegenstrijdig [34-36]. Het gecombineerde gebruik van rhG-CSF en rhIL-3 liet echter
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een toegenomen proliferatie en concentratie zien van stamcellen in het beenmerg
[37], en vervolgens een versneld hematopoietisch herstel in vergelijking tot rhG-CSF
alleen [38].

De thrombopoietische effecten van rhIL-3 en rhIL-6 na ‘standaard’ chemotherapie
lijken op grond van fase-I/II-studies beperkt tot een sneller herstel van thrombocyten
zonder dat de nadir wordt beïnvloed. Alhoewel tot op dit moment geen fase-III
gegevens beschikbaar zijn, lijkt het vasthouden aan het beoogde chemotherapie
schema het meest haalbare van het profylactische gebruik van rhIL-3 en rhIL-6.
Echter, het modificeren van HGF’s, zoals conjugatie met polyethyleenglycol, is een
mogelijkheid om de bestaande resultaten te verbeteren. Ten aanzien van het gebruik
van HGF’s bij het mobiliseren van perifere stamcellen, lijkt een combinatie van rhIL-3
met een myeloide HGF superieur aan een myeloide HGF alleen. Ten slotte: het ex vivo
laten prolifereren van perifere stamcellen is een nieuwe methode om hematologische
ondersteuning te bieden na myeloablatieve chemotherapie, waarbij bestaande en
nieuwe HGF’s een cruciale rol zullen spelen.
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Bij de behandeling van uitgezaaide kankergezwellen wordt regelmatig gebruik
gemaakt van medicijnen die de celdeling remmen, ook wel cytostatica of chemothera-
peutica genoemd. Een probleem van deze medicijnen is dat ze naast kankercellen ook
normale lichaamscellen remmen in hun deling. Een van de belangrijkste bijwerkingen
is beenmergdepressie, wat in wisselende mate aanleiding kan geven tot een te laag
aantal rode (anemie) en witte bloedcellen (neutropenie) en bloedplaatjes (thrombocy-
topenie). Neutropenie en thrombocytopenie kunnen respectievelijk aanleiding geven
tot infecties en bloedingen en deze bijwerkingen zijn beperkend voor de hoogte van
de dosis cytostatica die gegeven kan worden. Aan de ene kant wil je als arts niet te wei-
nig cytostatica geven omdat anders de tumor niet kleiner wordt, aan de andere kant
kun je ook niet teveel geven omdat dat gepaard gaat met onacceptabele bijwerkingen.
Het zou interessant zijn wegen te vinden om het beenmerg a.h.w. te beschermen tegen
cytostatica, zodat patienten sneller een volgende kuur of een hogere dosis chemothe-
rapie kunnen krijgen. Waarbij er van uitgegaan wordt dat een hogere dosis chemothe-
rapie leidt tot betere genezingsresultaten.

Al langer is bekend dat er stoffen zijn, ook wel hematopoietische groeifactoren
(HGF’s) genoemd, die de aanmaak van bloedcellen kunnen bevorderen. Nu HGF’s
door allerlei moderne technieken in behoorlijke hoeveelheden gemaakt kunnen
worden, is onderzoek op grotere schaal mogelijk. Vast is komen te staan dat witte
bloedcellen goed te stimuleren zijn met HGF’s zoals G-CSF en GM-CSF. Een
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probleem blijft echter het verminderen, of zelfs voorkómen, van thrombocytopenie na
chemotherapie.

In dit proefschrift is gekeken naar de effecten van twee HGF’s, namelijk IL-3 en IL-
6, waarvan op grond van eerder onderzoek verwacht mag worden dat ze een effect
hebben op de bloedplaatjes. Ons onderzoek heeft voor IL-3 aangetoond dat meer
patiënten in plaats van één keer per vier weken één keer per drie weken behandeld
konden worden met chemotherapie. Verder werd IL-3 samen met G-CSF gegeven aan
patiënten met eierstokkanker die o.a. behandeld werden met paclitaxel. Hierbij
werden echter geen effecten van betekenis gezien op het aantal bloedplaatjes en witte
bloedcellen t.o.v. G-CSF alleen. Omdat in verschillende studies allergische
bijwerkingen werden gevonden na meerdere kuren met IL-3, werd naar de oorzaak
ervan nader onderzoek verricht. Het bleek dat IL-3 in staat was om bepaalde cellen,
die betrokken zijn bij allergische reacties, te activeren. In deze studie kon echter niet
het bewijs worden geleverd van de directe betrokkenheid van IL-3 bij deze reacties.

Wanneer IL-6 werd gegeven na chemotherapie, dan trad bij hogere doseringen een
sneller herstel van de bloedplaatjes op, terwijl het dieptepunt niet werd beïnvloed. De
hogere doseringen IL-6 gaven echter vrij veel griepachtige bijwerkingen, wat het
gebruik ervan weer beperkte. Het gecombineerd toedienen van IL-6 en GM-CSF leidde
niet tot een hoger aantal bloedplaatjes en witte bloedcellen t.o.v. IL-6 alleen.
Daarnaast gaf de gezamenlijke toediening van deze HGF’s meer bijwerkingen, waarop
de behandeling bij een aantal patiënten werd gestaakt. In het laatste hoofdstuk wordt
een patiënt beschreven met een IL-6-producerende tumor. Middels deze casus wordt
het verband gelegd met patiënten die behandeld worden met IL-6, voor wat betreft
hun klachten en afwijkingen in het bloedonderzoek.

Samengevat kan worden gesteld dat IL-3 en IL-6 maar ten dele in staat zijn om iets
te doen aan het lage aantal bloedplaatjes na chemotherapie. Andere methoden en
HGF’s zullen nodig zijn om dit probleem echt op te lossen. In die zin is het aardig om
te noemen dat er vrij recent een HGF is gevonden die een centrale rol lijkt te spelen in
de ontwikkeling en aanmaak van bloedplaatjes. Onderzoek met dit thrombopoietine
laat veelbelovende resultaten zien, maar studies waarbij het middel tot het uiterste is
getest zijn nog niet gepubliceerd.          


