Cancer Chemother Pharmacol (2002) 50: 237-242
DOI 10.1007/s00280-002-0479-6

ORIGINAL ARTICLE

Apostolia-Maria Tsimberidou - Deborah Thomas
Susan O’Brien - Michael Andreeff - Razelle Kurzrock
Michael Keating - Maher Albitar - Hagop Kantarjian
Francis Giles

Recombinant human soluble tumor necrosis factor (TNF)
receptor (p75) fusion protein Enbrel in patients with refractory

hematologic malignancies

Received: 12 February 2002 / Accepted: 2 May 2002 / Published online: 26 July 2002

© Springer-Verlag 2002

Abstract Purpose: Tumor necrosis factor-oo (TNF-«) is
an important effector and regulatory cytokine involved
in the pathophysiology of hematologic malignancies,
including hairy cell leukemia (HCL), chronic lympho-
cytic leukemia (CLL), agnogenic myeloid metaplasia
(AMM) and Philadelphia-negative myeloproliferative
disorders (MPD). We conducted a pilot study to assess
the safety of the soluble TNF receptor, etanercept (p75
TNFR:Fc; Enbrel) in patients with refractory hemato-
logic malignancies. Methods: Patients were eligible if
they had refractory HCL, CLL, AMM, or Philadelphia-
negative MPD. Enbrel was administered twice weekly at
a dose of 25 mg subcutaneously for a minimum of eight
doses, and was continued in patients without overt
progression. Results: Among the 26 patients enrolled on
study, 25 patients were evaluable. Nine patients had
AMM, eight CLL, three HCL, and five Philadelphia-
negative MPD. Their median age was 60 years (range
30-83 years). A total of 70 courses consisting of 486
doses of Enbrel were administered. Enbrel was well
tolerated, without any overt increase in infectious
episodes. Stable disease/no objective response was seen
in 22 patients (88%) and progression in 3 patients
(12%). Three patients with AMM improved (two
showed hematologic improvement, and one showed a
reduction in liver and spleen size), and two patients (one
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with CLL and one with Philadelphia-negative MPD)
showed improvement in disease-related symptoms.
Conclusions: Enbrel was well tolerated, but no
responses were noted in these immunosuppressed
patients with refractory hematologic malignancies.

Keywords Enbrel - Hematologic malignancies -
Angiogenic myeloid metaplasia

Introduction

Tumor necrosis factor-o (TNF-a) is a major effector and
regulatory cytokine involved in the pathophysiology of
lymphoproliferative and myeloproliferative disorders,
including hairy cell leukemia (HCL) [31, 56, 59], chronic
lymphocytic leukemia (CLL) [13, 14, 39, 44, 53, 57, 58,
59, 64], angiogenic myeloid metaplasia (AMM) and
other myeloproliferative disorders (MPD) [5, 16, 22, 26,
28, 30, 51]. TNF has two distinct receptors, a 55-kDa
(p55) and a 75-kDa (p75) protein, which are monomeric
molecules on cell surfaces and in soluble forms [32, 54].
The biologic activity of TNF depends on binding to ei-
ther cell surface TNF receptor. Soluble TNF receptors
consist of the extracellular portion of the receptor, and
serve as physiologic regulators of the inflammatory
response by inhibiting TNF activity [27, 45, 50].

Therapeutic strategies targeting TNF-« include solu-
ble TNF receptors, which inactivate TNF-o [1, 40], anti-
TNF-o monoclonal antibodies [9, 12, 36], and agents
modulating TNF-« signaling [7, 11, 23, 24, 41, 46, 47].
Two recombinant soluble TNF receptors are currently
available: one of p75 (Enbrel, p75 TNFR:Fc; Immunex
Corporation, Seattle, Wash.) [40] and one of p55
(Lenercept, p55 TNFR:Fc; F Hoffmann-La Roche,
Basel, Switzerland) [1].

Enbrel (etanercept) is a dimeric form of the p75 TNF
receptor, consisting of the fusion protein of the extra-
cellular ligand-binding domain of the human p75 TNF
receptor linked to the Fc portion of human IgG; [40],
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which is produced by recombinant DNA technology in a
Chinese hamster ovary (CHO) mammalian cell expres-
sion system [40, 42, 43]. Enbrel binds specifically to free
TNF in the circulation, and acts as a competitive in-
hibitor, blocking its interaction with cell surface TNF
receptors, and consequently, activation of target cells
[40]. Enbrel can bind to two TNF molecules, and inhibit
binding of both TNF-« and TNF-f or lymphotoxin-o to
cell surface TNF receptors [40]. It has been extensively
investigated in patients with inflammatory arthritides
and in patients with sepsis. Enbrel is approved by the US
Food and Drug Administration for patients with rheu-
matoid arthritis (RA) [4, 20, 42, 43, 63], juvenile RA
[34], and psoriatic arthritis [38].

Enbrel has a very acceptable adverse event profile in
these patients, many of whom are elderly and have sig-
nificant comorbidity. However, in studies in patients
with established shock, Enbrel treatment does not re-
duce mortality, and higher doses are associated with
increased mortality rates [18]. While there is a clear ra-
tionale to investigate Enbrel for possible efficacy in pa-
tients with hematologic disorders, any resultant increase
in infections would be a particularly serious problem in
this patient population.

We thus conducted a pilot study of Enbrel in patients
with refractory HCL, CLL, AMM, and Philadelphia-
negative MPD in order to assess the safety of this
TNF-a-inactivating agent in patients with refractory
hematologic malignancies.

Patients and methods

Study group

Patients with refractory hematologic malignancies were entered
into the study between June 2000 and March 2001, after written
informed consent was obtained according to institutional guide-
lines. Patients were eligible if they had refractory HCL, CLL,
AMM, or Philadelphia-negative MPD, without overt infection,
hypotension, concurrent chemotherapy, systemic radiotherapy or
surgery, pregnancy or overt psychosis.

Pretreatment evaluation included complete history and physical
examination; documentation of all measurable disease, signs and
symptoms, performance status (PS), and details of prior chemo-
therapy and/or radiation therapy, complete blood count, differen-
tial, and platelet count; serum chemistries, including liver and renal
function studies; bone marrow aspiration with or without biopsy;
cytogenetic analysis, immunophenotyping, and molecular studies
as indicated.

Therapy

Treatment consisted of Enbrel 25 mg twice weekly subcutaneously
(s.c.) for a minimum of eight doses (4 weeks, one cycle). Supportive
care, including transfusion of blood and blood products, antibi-
otics, antiemetics, antidiarrheals, and analgesics were administered
as needed.

Course timing

Enbrel was given for one course of treatment (4 weeks). If patients
responded or had no signs of progression, treatment was continued
for 16 additional doses (two courses) of Enbrel without interrup-

tion, at the same dose. Further courses were given in patients
without overt progression.

Endpoints and statistical methods

In patients with HCL and CLL complete response (CR) was de-
fined as an absolute lymphocyte count (ALC) <4x10°/1, hemo-
globin (Hgb) 11 g/dl, absolute neutrophil count (ANC) 1.5x10°/1,
and platelet count >100x10%/1, disappearance of all palpable
lymph node, spleen, and liver without the appearance of new le-
sions, and <30% lymphocytes in the bone marrow. Partial re-
sponse (PR) was defined as an ALC reduction of >50%, Hgb
>11 g/dl, or 50% improvement in deviation from normal and
platelet count > 100x10°/1 or 50% improvement in deviation from
normal, and a > 50% reduction in the sum of the products of two
perpendicular diameters of all measurable lesions without the ap-
pearance of new lesions. Progressive disease (PD) was defined as a
50% increase in ALC, and a >50% increase in the sum of the
products of two perpendicular diameters of all measurable lesions,
and/or appearance of new lesions. Failure to meet the criteria for
response or progression was categorized as stable disease.

For patients with AMM and MPD, CR was defined as absence
of signs or symptoms of the disease, WBC between 1 and 10x10°/1
with no peripheral blasts, promyelocytes, or myelocytes, and with
< 5% blasts in a normocellular or hypocellular bone marrow for at
least 4 weeks; resolution of pretreatment cytopenias (ANC 1.5x10°/1
without granulocyte-colony stimulation factor or granulocyte
macrophage-colony stimulation factor support, Hgb 12 g/dl for
males and 11 g/dl for females without erythropoietin or transfusion
support, and a platelet count 100x10°/I without growth factor or
transfusion support); and resolution of pretreatment leukocytosis
and/or thrombocytosis with a leukocyte count of 10x10°/1 without
circulating blasts, promyelocytes, or myelocytes, and a platelet
count of 100x10°/1 but <450x10°/l. PR was defined as improve-
ment of at least two of the following parameters: (1) increase by
100% in neutrophil count, and > 1x10°/1 for neutropenia, WBC
between 1 and 10x10°/1 with persistence of immature cells for
pretreatment leukocytosis, (2) increase by 2 g/dl in Hgb if baseline
value was <10 g/dl, and decrease in transfusion requirements by at
least 50%, (3) increase by 100% in platelet count and increase to
>50x10°/1 if baseline value was below that level or persistent
thrombocytosis >450x10%/1 but <50% of pretreatment value, (4)
reduction in marrow blasts to 5% or less if baseline value was
>10% in normocellular or hypercellular marrow, and (5) reduc-
tion in splenomegaly and/or hepatomegaly by 50% of pretreatment
dimensions, measured as length below the left costal margin on
palpation. All other responses were considered failures.

Overall survival was measured from the date of entry into this
trial until date of death from any cause or date of last follow-up.
Survival curves were calculated according to the method of Kaplan
and Meier. Adverse events were graded according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC) version 2.

Results
Study group

A total of 26 patients were enrolled on study, of whom
25 were evaluable. One patient withdrew consent prior
to initiation of Enbrel. The clinical characteristics of the
patients treated with Enbrel are summarized in Table 1.
Three patients had HCL, eight patients had CLL, nine
patients had AMM, and five patients had Philadelphia-
negative MPD. Their median age was 60 years (range
30-83 years), and 18 (72%) were male. Three patients
(12%) had a PS score of 0, 21 (84%) a PS score of 1, and



Table 1. Patient characteristics, adverse events, and responses on
study

No. %
Diagnosis
HCL 3 12
CLL 8 32
AMM 9 36
Philadelphia- 5 20
negative MPD
Age (years)
Median 60
Range 30-83
Patients > 60 12 48
years
Male 18 72
PS >1 1 4
Prior regimens
0-2 13 42
3-8 12 48
Hgb <10 g/dl 11 44
WBC <4x10°/1 11 44
PLT <100x10°/1 14 56
Grade I11/IV 0
adverse event
Grade II adverse event
Fatigue 5 20
Headache 2 8
Fever 2 8
Muscle pain 1 4
Gastric reflux 1 4
Nausea 1 4
Objective response 0

1 (4%) a PS score of 2. The median number of prior
treatments was two (range one to eight). Maximum
response to prior treatment was: CR in 12%, PR in
20%, progressive disease in 36%, and no response in the
remaining patients.

Six patients (one with HCL, two with CLL, one with
AMM, and two with Philadelphia-negative MPD) had a
history of splenectomy. Of the remaining patients, 12 had
palpable splenomegaly with a median spleen size of 7 cm
below the left costal margin (range 5-21 cm) and 4 had
hepatomegaly with a median liver size of 5 cm (range 4—
14 cm). Seven patients (28%) had palpable lymphaden-
opathy. The median pretreatment Hgb value was 10.4 g/dl
(range 5.7-14.8 g/dl), the median WBC count was
4.7x10°/1 (range 1.5-113.7x10°/1), and the median platelet
count was 95x10°/1 (range 24-394x10°/1). Cytogenetic
analysis was successful in 19 patients. Of these, 15 (79%)
had diploid cytogenetics (one with HCL, four with CLL,
seven with AMM, and three with Philadelphia-negative
MPD). Two patients with CLL had cytogenetic abnor-
malities (one had hyperdiploid metaphases 4748, XY,
+11, 14, +16, add (17)(p13), +1-2 markers, and one
had pseudodiploid metaphases 44, XX, del (5)(q21), add
(19)(q13). One patient with AMM had pseudodiploid
clone 46, XX, +1, der (1; 13)(q10; q10). Finally, one pa-
tient with Philadelphia-negative MPD had a pseudodip-
loid clone 46,XX, del (20)(q12) and a hypodiploid clone
45, XX, dup (1)(q21q32), -7, del (20)(q12).
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Treatment results

The 25 evaluable patients received a total of 70 courses.
The median number of cycles administered was two
(range one to nine). The median number of doses was 16
(range 3-72), and the total number of doses was 486.

Toxicity

No grade 3 or 4 adverse events occurred. Grade 2 pos-
sibly attributable adverse events included: fatigue in five
patients, headache in two patients, fever in two patients,
muscle pain in one patient, gastric reflux in one patient,
nausea in one patient, and diarrhea/constipation in one
patient. No patient was withdrawn from study because
of toxicity.

Response

No patient had an objective response to Enbrel. How-
ever, three patients with AMM improved: one had a
50% reduction in spleen and liver size; one with a
baseline thrombocytopenia had a twofold increase in
platelet count; and one had a 50% reduction in red
blood cell transfusion requirements. One patient with
CLL had a significant improvement in constitutional
symptoms, and one patient with Philadelphia-negative
MPD had an improvement in energy level and in dis-
ease-related bone pain. A total of three patients (12%)
had progressive disease: two with CLL (including one in
prolymphocytic transformation removed after two doses
of Enbrel), and one with myelofibrosis.

Survival

The median follow-up was 6 months (range 2-
13 months). One patient died. This was a male 64 years
of age with a history of CLL, refractory to prior therapy
with fludarabine and cyclophosphamide; cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(CHOP); rituximab; and Campath. The patient received
a total of two courses of Enbrel and had progressive
disease with pleural effusion bilaterally, developed septic
shock and expired 1 month after discontinuation of
Enbrel therapy.

The median survival had not been reached at the time
of this report and at 12 months the estimated overall
survival rate was 96%. The majority of patients received
post-Enbrel salvage regimens.

Discussion

The results of this study suggest that Enbrel is not as-
sociated with increased infections, or increased mortality
rates, in the setting of immunocompromised patients
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with refractory lymphoproliferative or myeloprolifera-
tive disorders. Using standard response criteria, no re-
sponses were seen. However, signs of clinical
improvement were noted in some patients, particularly
in those with AMM.

In terms of tolerability, the current trial corroborated
our prior experience with the use of Enbrel in immu-
nosuppressed patients with multiple myeloma [60]. The
safety of Enbrel in hematologic malignancies has also
been investigated by others, and generally good tolera-
bility has been reported [55, 61]. In a study by Steensma
et al., although the same Enbrel regimen as in our study
was administered to 20 patients with AMM, four pa-
tients (20%) developed injection-site reactions and one
patient developed pancytopenia, reversible after dis-
continuation of Enbrel [55]. Minor infections occurred
in two patients, which was in keeping with the pre-study
infection history of the cohort, consistent with our
finding that in patients with hematologic malignancies,
Enbrel is not associated with an increased incidence of
infections. However, concerns have been expressed
about infectious toxicities [17, 42, 43, 63], and increased
mortality rates in the setting of established sepsis [18]. In
contrast to our results in patients with hematologic
malignancies, injection-site reactions are well docu-
mented in patients with RA, juvenile RA, psoriatic
arthritis, and inflammatory bowel disease [43, 65].

Current treatment options other than allogeneic stem
cell transplantation [21], including hydroxyurea [33], a-
interferon [19, 37], androgens [6], thalidomide [3, 8], and
splenectomy [2] are ultimately ineffective in patients with
AMM and novel agents are required. Our results are in
accordance with those reported by Steensma et al., who
found that Enbrel resulted in improvement in erythro-
poiesis in 3 of 20 patients with AMM (15%), normaliza-
tion in platelet count in one patient (5%), and reduction in
spleen size in one patient (5%) [55]. Notably, in the same
study, Enbrel was associated with improvement in con-
stitutional symptoms in 12 patients (60%).

TNF is considered to contribute to organ fibrosis
formation in several diseases [10, 29, 62], and to mediate
hypercatabolic constitutional symptoms [49]. These
pathophysiologic properties of TNF may, at least par-
tially, explain the improvement in some patients with
AMM treated with Enbrel. In addition, they may ex-
plain the improvement in constitutional symptoms of
the patient with CLL, and of the patient with Philadel-
phia-negative MPD in our study.

In patients with myelodysplastic syndromes, Enbrel
as a single agent [46], or in combination with thalido-
mide [48] is also well tolerated and has demonstrated
some activity. The safety data from the currently re-
ported study is very similar to those reported recently by
Maciejewski et al. in a National Institutes of Health
pilot study of Enbrel in a cohort of 16 patients with
MDS [35]. These patients received Enbrel 25 mg twice
weekly s.c. for a minimum of 3 months. Of 16 patients,
14 completed all 3 months of therapy. No patient
discontinued Enbrel because of toxicity. No patient

experienced Enbrel-attributable grade III or IV toxicity
(one patient reported skin erythema at the injection site).
Two minor upper respiratory infections, a grade III
thrombocytopenia, a febrile neutropenic episode re-
quiring intravenous hospitalization, and a septic death
were noted and considered to be attributable to under-
lying disease. Although one patient became temporarily
(for 14 weeks) independent of red cell transfusion and
there was a transient increase in ANC in a second, no
objective responses were seen. These investigators came
to the conclusion that Enbrel in patients with MDS was
well tolerated, but associated with little efficacy [35].

Enbrel may also be effective in patients with AL
amyloidosis, resulting in stabilization of cardiac amyloid
accumulation [52], in nephrotic syndrome with AA
amyloidosis [15], and in Langerhans cell histiocytosis
[25].

In conclusion, our study indicates that Enbrel at a
dosage of 25 mg twice weekly was well tolerated in pa-
tients with refractory hematologic malignancies, without
an overt increase in infectious episodes. Although no
objective responses were seen in this study, longer term
administration may be worthy of investigation, partic-
ularly in patients with AMM.

References

1. Abraham E, Laterre PF, Garbino J, Pingleton S, Butler T,
Dugernier T, Margolis B, Kudsk K, Zimmerli W, Anderson P,
Reynaert M, Lew D, Lesslauer W, Passe S, Cooper P, Burdeska A,
Modi M, Leighton A, Salgo M, Van der Auwera P (2001)
Lenercept (p55 tumor necrosis factor receptor fusion protein) in
severe sepsis and early septic shock: a randomized, double-
blind, placebo-controlled, multicenter phase 111 trial with 1,342
patients. Crit Care Med 29:503

2. Barosi G, Ambrosetti A, Buratti A, Finelli C, Liberato NL,
Quaglini S, Ricetti MM, Visani G, Tura S, Ascari E (1993)
Splenectomy for patients with myelofibrosis with myeloid
metaplasia: pretreatment variables and outcome prediction.
Leukemia 7:200

3.Barosi G, Grossi A, Comotti B, Musto P, Gamba G,
Marchetti M (2001) Safety and efficacy of thalidomide in
patients with myelofibrosis with myeloid metaplasia. Br
J Haematol 114:78

4. Bathon JM, Martin RW, Fleischmann RM, Tesser JR, Schiff
MH, Keystone EC, Genovese MC, Wasko MC, Moreland LW,
Weaver AL, Markenson J, Finck BK (2000) A comparison of
etanercept and methotrexate in patients with early rheumatoid
arthritis. N Engl J Med 343:1586

5. Beran M, O’Brien S, Andersson B, McCredie KB, Gutterman
JU (1988) Tumor necrosis factor and human hematopoiesis: II.
Inhibition and mode of action on normal and chronic mye-
logenous leukemia-derived granulocyte-macrophage progenitor
cells. Hematol Pathol 2:65

6. Besa EC, Nowell PC, Geller NL, Gardner FH (1982) Analysis
of the androgen response of 23 patients with agnogenic myeloid
metaplasia: the value of chromosomal studies in predicting re-
sponse and survival. Cancer 49:308

7. Bursten S, Weeks R, West J, Le T, Wilson T, Porubek D,
Bianco JA, Singer JW, Rice GC (1994) Potential role for
phosphatidic acid in mediating the inflammatory responses to
TNF alpha and IL-1 beta. Circ Shock 44:14

8. Canepa L, Ballerini F, Varaldo R, Quintino S, Reni L, Clavio
M, Miglino M, Pierri I, Gobbi M (2001) Thalidomide in ag-
nogenic and secondary myelofibrosis. Br J Haematol 115:313



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Choy EH, Rankin EC, Kassimos D, Vetterlein O, Garyfallos A,

Ravirajan CT, Sopwith M, Eastell R, Kingsley GH, Isenberg
DA, Panayi GS (1999) The engineered human anti-tumor ne-
crosis factor-alpha antibody CDP571 inhibits inflammatory
pathways but not T cell activation in patients with rheumatoid
arthritis. J Rheumatol 26:2310

Crespo J, Cayon A, Fernandez-Gil P, Hernandez-Guerra M,
Mayorga M, Dominguez-Diez A, Fernandez-Escalante JC,
Pons-Romero F (2001) Gene expression of tumor necrosis
factor alpha and TNF-receptors, pS5 and p75, in nonalcoholic
steatohepatitis patients. Hepatology 34:1158

Dezube BJ, Pardee AB, Chapman B, Beckett LA, Korvick JA,
Novick WJ, Chiurco J, Kasdan P, Ahlers CM, Ecto LT, et al
(1993) Pentoxifylline decreases tumor necrosis factor
expression and serum triglycerides in people with AIDS. NI-
AID AIDS Clinical Trials Group. J Acquir Immune Defic
Syndr 6:787

Dhainaut JF, Vincent JL, Richard C, Lejeune P, Martin C,
Fierobe L, Stephens S, Ney UM, Sopwith M (1995) CDP571, a
humanized antibody to human tumor necrosis factor-alpha:
safety, pharmacokinetics, immune response, and influence of
the antibody on cytokine concentrations in patients with septic
shock. CPDS571 Sepsis Study Group. Crit Care Med 23:1461
di Celle PF, Carbone A, Marchis D, Zhou D, Sozzani S, Zupo S,
Pini M, Mantovani A, Foa R (1994) Cytokine gene expression
in B-cell chronic lymphocytic leukemia: evidence of constitutive
interleukin-8 (IL-8) mRNA expression and secretion of
biologically active IL-8 protein. Blood 84:220

Digel W, Stefanic M, Schoniger W, Buck C, Raghavachar A,
Frickhofen N, Heimpel H, Porzsolt F (1989) Tumor necrosis
factor induces proliferation of neoplastic B cells from chronic
lymphocytic leukemia. Blood 73:1242

Drewe E, Powell RJ (2001) Etanercept AL amyloidosis. Lancet
358:761

Duncombe AS, Heslop HE, Turner M, Meager A, Priest R,
Exley T, Brenner MK (1989) Tumor necrosis factor mediates
autocrine growth inhibition in a chronic leukemia. J Immunol
143:3828

Feldmann M, Brennan FM, Foxwell BM, Maini RN (2001)
The role of TNF alpha and IL-1 in rheumatoid arthritis. Curr
Dir Autoimmun 3:188

Fisher CJ Jr, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff
JC, Abraham E, Schein RM, Benjamin E (1996) Treatment of
septic shock with the tumor necrosis factor receptor:Fc fusion
protein. The Soluble TNF Receptor Sepsis Study Group.
N Engl J Med 334:1697

Giles FJ (1991) Maintenance therapy in the myeloproliferative
disorders: the current options. Br J Haematol 79 [Suppl 1]:92
Goldenberg MM (1999) Etanercept, a novel drug for the
treatment of patients with severe, active rheumatoid arthritis.
Clin Ther 21:75

Guardiola P, Anderson JE, Bandini G, Cervantes F, Runde V,
Arcese W, Bacigalupo A, Przepiorka D, O’Donnell MR, Polchi P,
Buzyn A, Sutton L, Cazals-Hatem D, Sale G, de Witte T, Deeg
HJ, Gluckman E (1999) Allogeneic stem cell transplantation for
agnogenic myeloid metaplasia: a European Group for Blood
and Marrow Transplantation, Societe Francaise de Greffe de
Moelle, Gruppo Italiano per il Trapianto del Midollo Osseo,
and Fred Hutchinson Cancer Research Center Collaborative
Study. Blood 93:2831

Gullberg U, Nilsson E (1989) Recombinant lymphotoxin
enhances the growth of normal, but not of chronic myeloid
leukemic, human hematopoietic progenitor cells in vitro. Leuk
Res 13:953

Gutschow M, Hecker T, Thiele A, Hauschildt S, Eger K (2001)
Aza analogues of thalidomide: synthesis and evaluation as in-
hibitors of tumor necrosis factor-alpha production in vitro.
Bioorg Med Chem 9:1059

Han J, Thompson P, Beutler B (1990) Dexamethasone and
pentoxifylline inhibit endotoxin-induced cachectin/tumor
necrosis factor synthesis at separate points in the signaling
pathway. J Exp Med 172:391

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

241

Henter JI, Karlen J, Calming U, Bernstrand C, Andersson U,
Fadeel B (2001) Successful treatment of Langerhans’-cell histi-
ocytosis with etanercept. N Engl J Med 345:1577

Herrmann F, Helfrich SG, Lindemann A, Schleiermacher E,
Huber C, Mertelsmann R (1992) Elevated circulating levels of
tumor necrosis factor predict unresponsiveness to treatment
with interferon alfa-2b in chronic myelogenous leukemia. J Clin
Oncol 10:631

Idriss HT, Naismith JH (2000) TNF alpha and the TNF re-
ceptor superfamily: structure-function relationship(s). Microsc
Res Tech 50:184

Keller JR, Sing GK, Ellingsworth LR, Ruscetti FW (1989)
Transforming growth factor beta: possible roles in the regula-
tion of normal and leukemic hematopoietic cell growth. J Cell
Biochem 39:175

Kolb M, Margetts PJ, Anthony DC, Pitossi F, Gauldie J (2001)
Transient expression of IL-1beta induces acute lung injury and
chronic repair leading to pulmonary fibrosis. J Clin Invest
107:1529

Le Bousse-Kerdiles MC, Souyri M, Smadja-Joffe F, Praloran
V, Jasmin C, Ziltener HJ (1992) Enhanced hematopoietic
growth factor production in an experimental myeloproliferative
syndrome. Blood 79:3179

Lindemann A, Ludwig WD, Oster W, Mertelsmann R,
Herrmann F (1989) High-level secretion of tumor necrosis
factor-alpha contributes to hematopoietic failure in hairy cell
leukemia. Blood 73:880

Loetscher H, Pan YC, Lahm HW, Gentz R, Brockhaus M,
Tabuchi H, Lesslauer W (1990) Molecular cloning and ex-
pression of the human 55 kd tumor necrosis factor receptor.
Cell 61:351

Lofvenberg E, Wahlin A, Roos G, Ost A (1990) Reversal of
myelofibrosis by hydroxyurea. Eur J Haematol 44:33

Lovell DJ, Giannini EH, Reiff A, Cawkwell GD, Silverman
ED, Nocton JJ, Stein LD, Gedalia A, Ilowite NT, Wallace CA,
Whitmore J, Finck BK (2000) Etanercept in children with
polyarticular juvenile rheumatoid arthritis. Pediatric Rheuma-
tology Collaborative Study Group. N Engl J Med 342:763
Maciejewski JP, Ristiano AM, Sloand EM, Wisch L, Geller N,
Barrett JA, Young NS (2002) A pilot study of recombinant
soluble human tumor necrosis factor receptor (p75)-Fc fusion
protein in patients with myelodysplastic syndrome. Br J Hae-
matol 117:119

Maini RN, Breedveld FC, Kalden JR, Smolen JS, Davis D,
Macfarlane JD, Antoni C, Leeb B, Elliott MJ, Woody JN,
Schaible TF, Feldmann M (1998) Therapeutic efficacy of mul-
tiple intravenous infusions of anti-tumor necrosis factor alpha
monoclonal antibody combined with low-dose weekly methot-
rexate in rheumatoid arthritis. Arthritis Rheum 41:1552
McCarthy D, Clark J, Giles F (1991) The treatment of
myelofibrosis with alfa-interferon. Br J Haematol 78:590
Mease PJ, Goffe BS, Metz J, VanderStoep A, Finck B, Burge
DJ (2000) Etanercept in the treatment of psoriatic arthritis and
psoriasis: a randomised trial. Lancet 356:385

Moberts R, Hoogerbrugge H, van Agthoven T, Lowenberg B,
Touw 1 (1989) Proliferative response of highly purified B
chronic lymphocytic leukemia cells in serum free culture to in-
terleukin-2 and tumor necrosis factors alpha and beta. Leuk
Res 13:973

Mohler KM, Torrance DS, Smith CA, Goodwin RG,
Stremler KE, Fung VP, Madani H, Widmer MB (1993)
Soluble tumor necrosis factor (TNF) receptors are effective
therapeutic agents in lethal endotoxemia and function simul-
taneously as both TNF carriers and TNF antagonists.
J Immunol 151:1548

Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA,
Kaplan G (1993) Thalidomide exerts its inhibitory action on
tumor necrosis factor alpha by enhancing mRNA degradation.
J Exp Med 177:1675

Moreland LW (1998) Soluble tumor necrosis factor receptor
(p75) fusion protein (ENBREL) as a therapy for rheumatoid
arthritis. Rheum Dis Clin North Am 24:579



242

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Moreland LW, Baumgartner SW, Schiff MH, Tindall EA,
Fleischmann RM, Weaver AL, Ettlinger RE, Cohen S, Koop-
man WJ, Mohler K, Widmer MB, Blosch CM (1997) Treatment
of rheumatoid arthritis with a recombinant human tumor ne-
crosis factor receptor (p75)-Fc fusion protein. N Engl J Med
337:141

Nerl C, Janssen O, Kabelitz D (1988) B cell maturation in
chronic lymphocytic leukemia. III. Effect of recombinant
cytokines on leukemic B cell proliferation. Leukemia 2:50S
Olsson I, Lantz M, Nilsson E, Peetre C, Thysell H, Grubb A,
Adolf G (1989) Isolation and characterization of a tumor ne-
crosis factor binding protein from urine. Eur J Haematol 42:270
Raza A (2000) Anti-TNF therapies in rheumatoid arthritis,
Crohn’s disease, sepsis, and myelodysplastic syndromes.
Microsc Res Tech 50:229

Raza A, Qawi H, Lisak L, Andric T, Dar S, Andrews C,
Venugopal P, Gezer S, Gregory S, Loew J, Robin E, Rifkin S,
Hsu WT, Huang RW (2000) Patients with myelodysplastic
syndromes benefit from palliative therapy with amifostine,
pentoxifylline, and ciprofloxacin with or without dexametha-
sone. Blood 95:1580

Raza A, Dutt D, Lisak L, Dean L, Fantroy L, Gezer S, Syed E,
Goldberg C, Loew J, Hsu W-T, Venugopal P (2001) Combi-
nation of thalidomide and Enbrel for the treatment of patients
with myelodysplastic syndromes. Blood 98:273b

Sappino AP, Seelentag W, Pelte MF, Alberto P, Vassalli P
(1990) Tumor necrosis factor/cachectin and lymphotoxin gene
expression in lymph nodes from lymphoma patients. Blood
75:958

Schutze S, Scheurich P, Pfizenmaier K, Kronke M (1989)
Tumor necrosis factor signal transduction. Tissue-specific serine
phosphorylation of a 26-kDa cytosolic protein. J Biol Chem
264:3562

Sing GK, Keller JR, Ellingsworth LR, Ruscetti FW (1989)
Transforming growth factor-beta 1 enhances the suppression of
human hematopoiesis by tumor necrosis factor-alpha or
recombinant interferon- alpha. J Cell Biochem 39:107

Sinha MK, Lachmann HJ, Kuriakose B, Abdulla AK, Aggar-
wal RK (2001) An unusual cause of progressive heart failure.
Lancet 357:1498

Sivaraman S, Deshpande CG, Ranganathan R, Huang X, Jajeh
A, O’Brien T, Huang RW, Gregory SA, Venugopal P, Preisler
HD (2000) Tumor necrosis factor modulates CD 20 expression
on cells from chronic lymphocytic leukemia: a new role for
TNF alpha? Microsc Res Tech 50:251

Smith CA, Davis T, Anderson D, Solam L, Beckmann MP,
Jerzy R, Dower SK, Cosman D, Goodwin RG (1990) A re-
ceptor for tumor necrosis factor defines an unusual family of
cellular and viral proteins. Science 248:1019

Steensma D, Mesa R, Li C, Gray L, Call T, Hook C, Ansell S,
Dispenzieri A, Tefferi A (2001) Etanercept palliates constitu-

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

tional symptoms in myelofibrosis with myeloid metaplasia:
Results of a pilot Study. Blood 98:628a

Trentin L, Zambello R, Pizzolo G, Vinante F, Ambrosetti A,
Chisesi T, Vespignani M, Feruglio C, Adami F, Agostini C, et al
(1991) Tumor necrosis factor-alpha and B-cell growth factor
induce leukemic hairy cells to proliferate in vitro. Cancer Detect
Prev 15:385

Trentin L, Zambello R, Agostini C, Siviero F, Adami F,
Marcolongo R, Raimondi R, Chisesi T, Pizzolo G, Semenzato G
(1993) Expression and functional role of tumor necrosis factor
receptors on leukemic cells from patients with type B chronic
lymphoproliferative disorders. Blood 81:752

Trentin L, Zambello R, Agostini C, Enthammer C, Cerutti A,
Adami F, Zamboni S, Semenzato G (1994) Expression and
regulation of tumor necrosis factor, interleukin-2, and hemat-
opoietic growth factor receptors in B-cell chronic lymphocytic
leukemia. Blood 84:4249

Trentin L, Pizzolo G, Zambello R, Agostini C, Morosato L,
Sancetta R, Adami F, Vinante F, Chilosi M, Gallati H, et al
(1995) Leukemic cells in hairy cell leukemia and B cell chronic
lymphocytic leukemia release soluble TNF receptors. Leukemia
9:1051

Tsimberidou A, Waddelow T, Dong X, Albitar M, Giles F
(2001) Recombinant human soluble tumor necrosis factor
(TNF) receptor (P75) fusion protein (TNFR:Fc) (Enbrel) in
patients with refractory multiple myeloma. Blood 98:312b
Venugopal P, Mason S, Gregory S, Jajeh A, Slivnick D,
Khokha N, Preisler H (2000) In vivo administration of
TNFR:Fc to acute myeloid leukemia patients: preliminary data
on safety and changes in blood and bone marrow. Blood
96:218b

Warshamana GS, Corti M, Brody AR (2001) TNF-alpha,
PDGF, and TGF-beta(l) expression by primary mouse bron-
chiolar-alveolar epithelial and mesenchymal cells: TNF-alpha
induces TGF-beta(1). Exp Mol Pathol 71:13

Weinblatt ME, Kremer JM, Bankhurst AD, Bulpitt KJ,
Fleischmann RM, Fox RI, Jackson CG, Lange M, Burge DJ
(1999) A trial of etanercept, a recombinant tumor necrosis
factor receptor:Fc fusion protein, in patients with rheumatoid
arthritis receiving methotrexate. N Engl J Med 340:253
Zapata JM, Krajewska M, Krajewski S, Kitada S, Welsh K,
Monks A, McCloskey N, Gordon J, Kipps TJ, Gascoyne RD,
Shabaik A, Reed JC (2000) TNFR-associated factor family
protein expression in normal tissues and lymphoid malignan-
cies. J Immunol 165:5084

Zeltser R, Valle L, Tanck C, Holyst MM, Ritchlin C, Gaspari
AA (2001) Clinical, histologic, and immunophenotypic char-
acteristics of injection site reactions associated with etanercept:
a recombinant tumor necrosis factor alpha receptor:Fc fusion
protein. Arch Dermatol 137:893



