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Brief report

Stable remission after administration of the receptor tyrosine kinase inhibitor
SU5416 in a patient with refractory acute myeloid leukemia

Rolf M. Mesters, Teresa Padro, Ralf Bieker, Martin Steins, Michael Kreuter, Michael Goner, Stephen Kelsey,
Paul Scigalla, Walter Fiedler, Thomas Buichner, and Wolfgang E. Berdel

The small molecule receptor tyrosine ki- the blast cell counts (blood and bone Xx500-field 8 weeks after SU5416 admin-
nase (RTK) inhibitor SU5416 targets the marrow) decreased to undetectable lev- istration and remains in the normal
vascular endothelial growth factor recep- els and the peripheral blood cell counts range. This is the first report of a stable
tor 2 and the stem cell factor receptor normalized with the exception of the plate- remission achieved after administration
c-kit. Herein is described the successful let count (50-80 x 109L [50-80 x 103/ of the RTK inhibitor SU5416 in a patient
treatment of a 65-year-old woman with rL]). The duration of the remission is with AML relapse. (Blood. 2001;98:
SU5416, in second relapse of acute my- longer than 4 months during mainte- 241-243)

eloid leukemia (AML) and refractory to- nance therapy with SU5416. Microves-

ward standard chemotherapy regimens. sel density in the patient’s bone marrow

After 12 weeks of treatment with SU5416, dropped from 33.4 to 12.3 microvessels/ © 2001 by The American Society of Hematology

Introduction

Angiogenesis—a complex process of pericellular proteolysigyidence that SU5416 exhibits antiangiogenic and antileukemic
endothelial migration, and proliferation—is an absolute requirg@roperties in AML.
ment for the viability and growth of solid tumotsRecently, we
reported increased angiogenesis in the bone marrow of patients
with acute myeloid leukemia (AML) and normalization of bon .
marrow microvessel density when patients achieved a complée $Udy design
remission (CR}.This finding suggests an involvement of angiogencase report
esis in the pathophysiology of AML as well. ) )
Vascular endothelial growth factor (VEGF), which exert n November 1997, AML was diagnosed in a 62-year-old woman.

. . . . . iagnosis and classification according to the criteria of the French-American-
proliferative and migratory effects on endothelium, and its ceIIl_JI%ritish (FAB) Cooperative Group revealed the subtype M4 and was

receptor VEGFR-2 (KDR, human homologue; FIk-1, mMurin@gnirmed by centralized review of bone marrow morphology, cytochemis-
homologue) have been implicated as the key endothelial pathways and immunophenotyping within the AML Cooperative Group (AM-
required for tumor neovascularizati®’EGFR-2 was thought to LCG)12 Cytogenetic analyses showed a deletion of the long arm of
be exclusively expressed by adult endothelial cells. However, it helgomosome 9 in 5 of 23 metaphases. The patient achieved CR with
recently been shown that VEGF and VEGFR-2 are expressed $i§ndard induction chemotherapy and received consolidation and mainte-
leukemic blast cells, suggesting an autocrine loop that supports fgce chemotherapy according to the AMLCG-protdéol. o
proliferation and survival of leukemic celts.Moreover, increased '€ first relapse (March 1999) was treated with sequential high-dose
cellular VEGF has been shown to be an independent po:gtosme arabinoside (Ara-C; 2000 md/er day on days 1, 2, 8, 9) and

. . : . Erubicin (10 mg/rdper day on days 3, 4, 10, 11) followed by a second CR
prognostic factor in patients with AME.Therefore, the receptor that lasted 8 months. For the second relapse (March 2000) the patient

ty"O_Sine_ kina_se (RTK) _VEGFR_'Z might be a prom.ising target fofeceived mitoxantrone (10 mgfndays 1-5) and etoposide (100 md@/m
antiangiogenic and antileukemic treatment strategies. days 1-5) without inducing CR. Subsequently, thalidomide was adminis-
SU5416 is a small-molecule RTK inhibitor of VEGFR-2 and theered within a phase I/1l dose-escalating clinical study without any response
stem cell factor (SCF) receptor c-kit. It has been demonstrated tffétal dose: 200 mg/d for 2 months). The deteriorating clinical condition of
SU5416 inhibits the growth of colon cancer liver metastasis )¢ patient (bilateral pneumonia with severe hypoxemia, pleural and
inducing tumor and endothelial cell apoptosi&urthermore, perlcar@lal effusions) d|q not allow further chemo?herapeut‘lc trials. Be—
. . . cause immunophenotyping by flow cytometry and immunohistochemistry
SU5416 causes apoptosis in a c-kit—positive human myeloi . . .
. . . R revealed strong expression of c-kit-(80% of leukemic blasts) and
leukemia cell line (MO7E) in a dose-dependent marfer. VEGFR-2, we decided to administer the RTK inhibitor SU5416 (145
|n_ the th”er_‘t study,_ we "e_port a stable remission after SUS416/n? intravenously [iv], twice a week) under compassionate use after
administration in a patient with a second AML relapse refractoRyritten informed consent of the patient and approval of the local institu-

toward standard chemotherapy regimens. Additionally, we providienal review board in accordance with the Helsinki protocol. In order to
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prevent hypersensitivity reactions related to the drug or to excipients in the A

: : Mitox/Etop | Thalia ] | SUS416

formulation, such as polyoxyethylated castor oil (Cremophor), polyethyl- 100 L35 o
ene glycol or absolute ethanol, the patient received prophylaxis with 90 °
histamine antagonists (2 mg clemastin iv and 400 mg cimetidine iv) plus 10 80- 30 &
mg dexamethasone iv prior to each infusion of SU5416. The dose of __ 7¢- 25 u'E
dexamethasone was reduced to 4 mg at the fourth and to 2 mg at the & 60- -
subsequent infusions. The safety of SU5416 was assessed through physicalg 50 F 20 §
examinations, vital signs, toxicity assessments, electrocardiography, and % 40- F15 ©
laboratory tests (hematology, coagulation, and clinical chemistry). In July 30- 10 §
2000, treatment with SU5416 was started. Subsequently, a continuous 5 | F o
decrease of the blast infiltration in the bone marrow and an increase of the ] 5 O
peripheral blood cell counts were observed. The patient completely od o S .o SN 3 o E
recovered from pneumonia and the pleural/pericardial effusions resolved. DCR O 5 10 15 20 25 30 35 40

Six weeks after initiation of SU5416 treatment, the patient developed weeks after second relapse
symptomatic leukemic meningitis with right facial nerve palsy and 1245/3 B
leukemic blast cells in the cerebrospinal fluid (CSF). This was the first time
that the patient had evidence of central nervous system involvement. 100000 Mitox/Etop | Thalid || Sus41s |‘_7000
SU5416 was continued and additional treatment with intrathecal chemo- 1 |
therapy (40 mg Ara-C, 15 mg methotrexate, 4 mg dexamethasone; twice a 80 600+ - 6000
week) was started for 2 weeks followed by cranial irradiation (whole-brain 2 1 L 5000
dose of 30 Gy administered in 3 weeks). Subsequently, the patient receivedE 60 000 4000

a second course of intrathecal chemotherapy applying the same dose ancg g
schedule for 3 weeks, thus achieving a complete resolution of the & 40000 L 3000
neurologic deficit and absence of leukemic blasts in repeated CSF & E

neutrophils / pL

specimens. Three months after the initiation of treatment with SU5416, the 34 go0 [ 2000
leukemic blast infiltration dropped to undetectable levels as determined by - 1000
bone marrow morphology and immunophenotyping by flow cytometry with oj S
almost complete normalization of the peripheral blood cell counts. 0 5 10 15 20 25 30 35 40

weeks after second relapse
Methods Figure 1. Leukemic blast cell infiltration, bone marrow microvessel density and

peripheral blood cell counts.  (A) Leukemic blast cell infiltration determined by
Cytochemical assays, flow cytometry studies, and cytogenetic analysg@slogic analyses (O) and bone marrow microvessel density (®) during the course of
were performed on bone marrow aspirates using standard methodomw_disease and different antileukemic treatments. Duration of the treatment with
The determination of the degree of angiogenesis was performed IB'Stpxantrone/etoposide (Mitox/Etop),thaIidomide_ (Thali(_j)z _and.SU54:I..6 is indicated
immunohistochemic identification of microvascular endothelial cells witf ¢ \oP of the figure. D represents values obtained at initial diagnosis; CR, values

. X i . X obtained at the time of complete remission. (B) Platelet (O) and neutrophil counts (®)
antihuman thrombomodulin antibodies as describddhe median and during different treatments of the patient's second AML relapse.

interquartile range for the microvessel densities of 22 control patients was

13.2 and 11.4 to 14.8/500-field, respectively. This corresponds to the

average number of microvessels counted in a 0.126 fiefd area at<500  fayorable side effect profile observed in previous phase I/l clinical
magnification using light microscopyimmunostaining for VEGFR-2 was ials in patients with advanced malignancies (Sugen, data on file).

done in paraffin-embedded bone marrow specimens with a speci% v side effect ¢ | lasting 2 to 3 h
monoclonal antibody (anti—Flk-1, Santa Cruz Biotechnology, Santa Cru e only side efiect was temporary somnolence lasting 10 5 hours

CA, sc-6251) using the alkaline phosphatase/anti—alkaline phosphatﬁé@r each infusion and not interfering with daily activities. This
double-bridge technique (Dako-APAAP Kit; Dako, Glostrup, Denmark). Somnolence was most likely attributable to the premedication with

the histamine antagonist clemastin.

At the time of second relapse, microvessel density in the bone
marrow of the patient was 2.5-fold higher than the median of the
control group, comparable with the values obtained at first

After proving to be refractory toward chemotherapy with mitoxg"_’ﬂgnOSIS of the_ patients AML (Figure 1A)'_ The increased
antrone/etoposide and subsequent thalidomide, the patient recei%govessel density droppeo_l f“?m 33.4t012.3 mlcrqvgsxém-
SU5416 for the second AML relapse. During SU5416 monJ'—eld 8 Wegks after the beginning Qf SU5416 administration aqd
therapy, a steady decrease in the bone marrow blast cell infiltratigin@ined in the normal range during maintenance therapy with
was observed, accompanied by an increase in hemoglobin leveld®418 (Figures 1A, 2A,C). The latter values are comparable to
(data not shown) and the platelet and neutrophil counts (Figlﬂ@se obtained in CR after induction chemotherapy (Figure 1A). A
1A-B). This remission € 5% blasts in the bone marrow byparallel decrease of c-kit (detected by flow cytometry, data not
morphology and immunophenotyping with flow cytometry, neutroshown) and VEGFR-2—positive leukemic blasts was observed
phils > 1.5 109L [1500/uL] and hemoglobin> 110g/L [11 (Figure 2B,D).
g/dL], untransfused) has been sustained for more than 4 monthsThe case we present here is the first to demonstrate that the RTK
during SU5416 maintenance therapy using the same dosifgibitor SU5416 induces a stable remission in a patient with AML
schedule. The platelet counts increased to 60«8F/L [60- relapse, refractory toward multiple standard chemotherapy regi-
80 X 10%/p.L] (Figure 1B). Thus, the patient fulfilled all but one mens. SU5416 targets the VEGFR-2 as well as the SCF receptor
(platelets= 100X 1C/L [100 X 10¥puL]) criteria for a CR accordingto C-kit. It has been demonstrated that SU5416 induces apoptosis in
a consensus definitishor the criteria of CR (CR criteria without endothelial cells of a colon cancer animal model expressing
platelets= 100 1(’/L[100 X 10¥pL]) as used by others. VEGFR-2 and in a c-kit—positive human myeloid leukemia cell
During the SU5416 treatment period of more than 7 months, fiae.1° In addition to the expression of c-kit, the patient discussed
adverse events were observed. This is in line with the rathleere had high levels of VEGF (data not shown) and VEGFR-2

Results and discussion

%20z AeN 91 uo 3senb Aq ypd°L #2001 0E L 8Y/LLEY.LIL/L¥2/1/86/4Pd-B[0NIE/POO|GARU SUOKEDIIgNdYSE//:d]Y WOl papeojumoq



BLOOD, 1 JULY 2001 - VOLUME 98, NUMBER 1 RECEPTOR TYROSINE KINASE INHIBITOR SU5416 INAML 243

Figure 2. Immunohistochemic staining of bone marrow
sections. Microvascular endothelial cells were highlighted by
antibodies against thrombomodulin (A,C). VEGFR-2—positive
leukemic blasts were identified by anti-VEGFR-2 antibodies
(B,D). Immunohistochemic localization was performed by the
alkaline phosphatase/anti—alkaline phosphatase bridge tech-
nique (Dako-APAAP Kit). A and B denote bone marrow
samples obtained before; C and D, 8 weeks after treatment
with SU5416. Original magnification, X500.

expression of the leukemic blasts as demonstrated by immunohistmessed the blood-brain barrier. On the other hand, we cannot
chemistry in the bone marrow specimens (Figure 2B). This is tcompletely exclude that the intrathecal administration of chemo-
line with a recent report of strong VEGFR-2 expression in humaherapy, especially Ara-C, contributed to the observed remission
chloromas’ Thus, VEGF produced by the patient’s leukemic blastdue to systemic resorption. However, a major contribution of
may have supported leukemic cell growth through paracrine (Bya-C is rather unlikely when considering that the decrease of
increasing the bone marrow endothelial cell mass) and autocritie bone marrow blast infiltration from 90% to 20% and the
(supporting leukemic cell survival) mechanisms. Therefore, thhecovery of the peripheral blood cell counts had already
observed remission in this patient might be due to the combinationcurred before starting intrathecal chemotherapy (Figures
of antiangiogenic (targeting VEGFR-2 on endothelial cells) antiA-B). Furthermore, the cumulative dose of Ara-C before the
antileukemic effects (targeting both VEGFR-2 and c-kit on leukesbserved remission was low (160 mg) and the ongoing remis-
mic blast cells) thus blocking paracrine and autocrine loogson during SU5416 maintenance therapy for more than 3
induced by leukemia-derived VEGF. This hypothesis is supportedonths after the last intrathecal chemotherapy underscores the
by the observed decrease in bone marrow microvessel densitytileukemic efficacy of SU5416.
VEGFR-2 expression, and blast cell infiltration. In conclusion, targeting VEGFR-2 might be a promising
Despite the observed antiangiogenic and antileukemic dferapeutic option in the treatment of AML and should be further
fects in the bone marrow, SU5416 did not prevent the occuevaluated in controlled clinical trials.
rence of symptomatic leukemic meningitis in the sixth week of Note added in proofA third AML relapse occurred 9 months
treatment. This might suggest that SU5416 has not sufficientijter institution of SU5416 treatment.
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