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Michael S. Gordon

Thrombopoietic activity of recombinant human interleukin 11 in cancer
patients receiving chemotherapy

Abstract Interleukin 11 (IL-11) is a newly identified located on chromosome 19 and encodes a 199-amino-acid
hematopoietic growth factor that exerts its primary effegolypeptide [16]. The structure of the IL-11 protein is such
on megakaryocyte maturation and platelet production. that it contains no glycosylation site and has a high leucine
has a unique receptor, signaling by which is mediated yd proline content. Similar to IL-6, IL-11 stimulates the
the glycoprotein (GP) 130 pathway. IL-11 is synergistiproliferation of the T1165 plasmacytoma cell line. How-
with stem-cell factor (c-kit ligand) in vitro, enhancingever, although IL-11 uses the same glycoprotein (GP) 130-
proliferation of primitive hematopoietic stem cells, andnediated signal transduction pathway as IL-6, these factors
has been shown to be critical to the process of polyploidict via independent receptors [18].

zation and maturation. In preclinical models, IL-11 was IL-11 exerts a synergistic effect on the proliferation of
shown to enhance platelet recovery following intensivearly hematopoietic stem cells when combined with other
chemotherapy, and in murine bone-marrow transplant maehrly-acting hematopoietic growth factors such as IL-3 and
els it accelerates the recovery of all hematopoietic lineagetem-cell factor [3, 13, 17]. Its primary activity in hemato-
Nonhuman primate studies have demonstrated a dosepeiesis is based upon its maturational effect on megakar-
lated thrombopoietic effect; however, no myeloid effect hag@cyte precursors: it increases the ploidy of bone marrow
been observed. In clinical phase | trials, subcutaneous IL4tiegakaryocytes in preclinical models, producing increases
was well tolerated and induced a dose-related thrombopadie-platelet production [7]. Treatment of mice with IL-11
tic effect in women with breast cancer. IL-11 at doses &bllowing chemoradiotherapy results in enhanced trilineage
> 25 pug/kg per day appeared to reduce the severity ofcovery [5].

chemotherapy-induced thrombocytopenia. In a randomizedIL-11 has been shown to inhibit adipogenesis and is
phase Il trial, IL-11 at 5Qug/kg reduced the requirement foridentical to the adipogenesis-inhibitory factor cloned by
platelet transfusions as compared with that in placebldawashima et al. [10]. The ability of IL-11 to prolong the
treated controls. IL-11 is an interesting factor; howevesurvival of long-term bone marrow cultures appears to be
further studies are needed to confirm its activity and are ialated to this adipogenesis-inhibitory activity as demon-

progress. strated by Keller et al. [12]. In this model, inhibition of
adipogenesis results in the promotion of stromal cell and
Key words Interleukin 11- Thrombopoiesis macrophage development. These findings may be of some

importance in the treatment of bone-marrow failure states
such as aplastic anemia, in which adipocytes occupy most
of the bone marrow cavity.

Background

Interleukin 11 (IL-11) was initially cloned from the im-
mortalized bone-marrow stroma cell line PU-34. Its gene Phase I clinical trials with recombinant human IL-11

Work presented at the 11th Bristol-Myers Squibb Nagoya InternatiorRecombinant human IL-11 (rhIL-11) has been studied in an
Cancer Treatment Symposium Cylokines artd New Anticancer Aefffitial phase | trial in women with locally advanced or
on the Horizon of Oncology", 2425 November 1995, Nagoya, Japifaia static (stage IlIB or IV) breast cancer [8, 9]. Cohorts of
at least three women were treated with doses of IL-11
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safety cycle, all patients received rhiL-11 for 12 days at thize (high-proliferative-potential colony-forming cell) pro-
assigned dose after the administration of up to four 28-dggnitors in bone marrow or peripheral blood. Modest
cycles of cyclophosphamide at 1500 mg/per day and increases in the number of bone marrow colony-forming
doxorubicin at 60 mg/mper day given on day 1 of eachunit-megakaryocyte were seen in two patients treated at the
cycle. IL-11 therapy was well tolerated at dosess&0 g/ highest (75ug/kg) rhiL-11 dose.
kg per day. Adverse events primarily comprised reversible Following chemotherapy, patients treated at the dose of
mild constitutional complaints, including fatigue, myalgiaslO pg/kg per dose experienced myelosuppression (neutro-
and arthralgias. At no time during the course of therapy wpenia and thrombocytopenia) similar to that seen in histor-
rhiL-11 associated with fever in any patient. ical control patients. When rhiIL-11 was given at doses of
All patients developed transient therapy-related anenu#z25 pg/kg, an apparent reduction in the degree of chemo-
that was not dose-related within the first several days tiferapy-induced thrombocytopenia was seen as compared
treatment and that resolved within days of discontinuatiavith that observed in patients treated at the lowest dose.
of rhlL-11 administration. This appears to be due to plasniBeyond cycle 2, patient dropout prevented conclusions
volume expansion as noted in studies by Ault et al. [2] ibeing drawn regarding prevention of the development of
which normal volunteers received rhiL-11 at §/kg per cumulative thrombocytopenia. rhiL-11 administration had
day. In their study, a 25% increase in plasma volume wae effect on white blood cell or neutrophil count nadirs.
associated with a 15% decrease in hemoglobin concentWdhen rhiL-11 was given together with granulocyte colony-
tion. This plasma volume expansion was also associatinulating factor, the anticipated reduction in neutropenia
with urinary sodium retention. Similar findings have rewas seen with no unexpected toxicity.
cently been reported for the anemia related to IL-6 admin- Preliminary results of a phase | trial of rhiL-11 in
istration [1, 14]. women undergoing high-dose chemotherapy with bone
Prechemotherapy rhilL-11 administration induced marrow transplant demonstrate a similar safety profile
dose-related increase in platelets. Mean peak platelet coydls In addition to constitutional symptoms, atrial arrhyth-
of 76%, 93%, 108%, and 185% over baseline were seenniias were seen in several patients. At doses ranging from
patients treated for 14 days with rhiL-11 at 10, 25, 50, arid to 75ug/kg per day, rhiL-11 induced modest reductions
75 ug/kg per day, respectively. A gradual increase im the duration of thrombocytopenia.
platelet count was seen during the 2nd week of therapy.
Platelet counts were maximal following the completion of
14 days of rhiL-11 therapy. In contrast to other hemate
poietic growth factors, rhiL-11 has no myeloid effect.  Phase Il clinical trials with rhiL-11
Dose-related increases in C-reactive protein were seen,
whereas increases in other acute-phase proteins were @Giwen the activity seen in the phase | chemotherapy study,
dose-dependent. In studies on normal volunteers [1%lbsequent clinical trials were designed to evaluate the
although rhiL-11 administration had no significant effecictivity of rhiL-11 at 25 and 5Qug/kg per day. Whereas
on platelet function, a statistically significant increase istandard phase Il trials with specific chemotherapy regi-
circulating von Willebrand factor (vWF) and fibrinogenmens have represented the classic approach to the devel-
levels were noted. The multimeric pattern of the inducesbment of hematopoietic growth factors, rhiL-11 was
vWF was normal. developed in a novel fashion. Doses of 25 and kg
Studies on the effects of rhiL-11 on the bone marroper day were compared with placebo in a randomized,
compartment reveal a statistically significant increase in tippacebo-controlled, double-blind trial [6]. Patients were
number of megakaryocytes identified morphologically oaligible for the study if they experienced severe thrombo-
trephine biopsies at doses ef50 pg/kg per day [15]. cytopenia (defined as a platelet count20,000/ml) and
Immunohistochemical evaluation with PC10, a monoclongdceived a platelet transfusion in a given cycle of chemo-
antibody to proliferating cell nuclear antigen (PCNA)therapy. This prestudy cycle was termed cycle X. Once
demonstrated significant increases in the number identified, patients had to receive the identical chemother-
PCNA-positive cells (pretreatment 20:&.8%; posttreat- apy regimen (no dose reduction allowed) in a subsequent
ment 40.2t 14.0%; P <0.001); most of these cells werestudy cycle termed cycle X+1. In the study cycle, patients
erythroblasts and early myeloid precursors. This suggegisre randomized to receive either placebo or rhiL-11 at 25
that although it does not significantly affect the hemat@r 50 ug/kg per day starting on the day following comple-
logic profile of erythroid or myeloid cells, rhiL-11 cantion of chemotherapy and continuing until the platelet count
induce a proliferative response in the early compartmenécovered to=100,000/ml. Patients were excluded if they
Ploidy analysis of bone marrow megakaryocytes demowere being treated for leukemia or had experienced sepsis
strated a maturational effect of rhiL-11 on these cells, withr disseminated intravascular coagulation in cycle X.
increases in the number of higher ploidy (64N) megakar- Overall, 8/27 patients (30%) in the cohort receiving
yocytes being noted; this effect was not dose-related. NaL-11 at 50ug/kg per day successfully completed therapy
significant increase was seen in the number of assayaighout requiring platelet transfusion as compared with
committed (colony-forming units-granulocyte/macrophagenly 1 patient (4%) in the placebo group €0.05). Of
burst-forming units-erythroid, or colony-forming unit-granthe patients treated with rhiL-11 at 2@/kg per day, 18%
ulocyte, erythroid, macrophage, megakaryocyte or primiemained transfusion-free, suggesting a dose-response re-
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lationship for rhiL-11. In addition, a trend toward fewer5. Du X, Neben T, Goldman S, Wiliams D (1993) Effects of
transfusions in rhiL-11-treated patients was noted. The side recombinant human interleukin-11 on hematopoietic reconstitution
. ; . in transplant mice: acceleration of recovery of peripheral blood
effects of rhIL'-ll treatment were 5|m|Iar. to those SEeN iN Lo trophils and platelets. Blood 81: 27
the phase | trial. A small number of patients experience@. Tepler I, Elias L, Smith JW II, Hussein M, Rosen G, Chang AY-C,
atrial arrnythmias; this was thought to be related to the Moore JO, Gordon MS, Kuca B, Beach KJ, Loewy JW, Garnick
plasma volume expansion and salt retention seen in theseMB, Kg_ye Jﬁ (1996) /lf~ flanﬁpmllie_d placeb0-cct>_ntr?"edﬂt1rlal of
H : e H : recompinan uman Interleukin- In cancer patients with severe
.patlents' For thls r_eason, addlt.lonal trials will prob_ably thrombocytopenia due to chemotherapy. Blood 87: 3607 —-3614
incorporate a dluretlc-l:_)ased regimen to reduce the I’IS!( 9f Goldman' S, Loebelanz J, McCarthy K, Hayes L, Neben T,
this event. A randomized phase Il trial of rhiL-11 in  Stoudemire J, Schaub R (1991) Recombinant human interleukin-
patients undergoing high-dose chemotherapy with periph- 11 (rhIL-11) stimulates megakaryocyte maturation and increase in

P ; ; peripheral platelet number in vivo. Blood 78: 518A
eral blood progenitor-cell support is ongoing. 8. Gordon MS, Battiato L, Hoffman R, Breeden E, McCaskill-

Stevens WJ, Kuca B, Kaye J, Sledge GW Jr (1993) Subcuta-

neously (sc) administered recombinant human interleukin-11

. (Neumega rhlL-11 growth factor; rhiL-11) prevents thrombocyto-

Conclusions penia following chemotherapy (CT) with cyclophosphamide (C)
and doxorubicin (A) in women with breast cancer (abstract 1258).

rhiL-11 is a new agent with the ability to stimulate platelet Blood 82 [Suppl 1]: 318A ]

production. Its primary thrombopoietic mechanism of ac?- Gordon MS, McCaskil-Stevens WJ, Battiato LA, Loewy J,

. ’ . Loesch D, Breeden E, Hoffman R, Beach KF, Kuca B, Kaye J,
tion appears to be stimulation of megakaryocyte matura- gieqge Gw Jr (1996) A phase | trial of recombinant human

tion. In clinical trials it is well tolerated and is not interleukin-11 (Neumega rhiL-11 growth factor) in women with
associated with toxicities such as fever or capillary leak.  breast cancer receiving chemotherapy. Blood 87: 36153624

In phase | trials, doses of 25— p@/kg per day appearedlo- Kawashima |, Ohsumi J, Mita-Honjo K, Shimoda-Takano K,

Ishikawa H, Sakakibara S, Miyadai K, Takiguchi Y (1991)
to be well tolerated and may have reduced the degree of Molecular cloning of cDNA encoding adipogenesis inhibitory

Chemc_)therap)"induced thromboqytopenia. As rhIL-11 is tactor and identity with interleukin-11. FEBS Lett 283: 199
specific for platelet production, it will need to be usedi. Kaye J, Loewy J, Blume J, Clendaniel A, Egan A, Garnick M,
with a myeloid colony-stimulating factor. In phase Il trials, Mitchell J, Knowles C, Ault K (1994) Recombinant human

. o ; interleukin eleven (Neumega rhiL-11 growth factor) increases
rhiL-11 has demonstrated the ability to reduce the risk of plasma von Willebrand factor and fibrinogen concentrations in

recurrent severe thrombocytopenia in patients previously normal human subjects. Blood 84: 1088A
experiencing this complication; these effects were most. Keller D, Du X, Srour E, Hoffman R, Wiliams D (1993)
pronounced at a dose of 5@g/kg per day. Phase Il _Intﬁrleukinl-ll i?hibits adipogerlltesis agfl sgrgglaﬁszényelopoiesis
; ; ; in human long-term marrow cultures. Bloo :
ra_g?orlmzeg trials comparm% at d?se of (fjig_/tkg plert .d"jl‘y 13, Musashi M, Yang Y-C, Paul S, Clark S, Sudo T (1991) Direct and
wi . placeno Qre 0”90'”9- ata from addruona ”‘"_‘5 n synergistic effects of interleukin 11 on murine hemopoiesis in
patients receiving high-dose chemotherapy and in the culture. Proc Natl Acad Sci USA 88: 765
pediatric population should be available in the near futuré4. Nieken J, Mulder N, Buter J, Vellenga E, Limburg P, Piers D,
Vries E de (1995) Recombinant human interleukin-6 induces a
rapid and reversible anemia in cancer patients. Blood 86: 900
15. Orazi A, Cooper R, Tong J, Gordon M, Battiato L, Sledge G Jr,
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