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higher than grade I toxicity.
Hematologic toxicities included only
grade 1 thrombocytopenia in 7 patients
(3 in the first level and 4 in the second
level) with a median nadir platelet
count of 129 k/mm3 (range, 89 to 234
k/mm3). In 6 patients treated on the sec-
ond dose level of interferon-! (10 mil-
lion units/m2), 3 patients experienced
transient grade III and IV toxicities
including thyrotoxicosis, hepatotoxicity,
and neurotoxicity. Three of 7 patients
with sarcoma had stable disease for 5, 6,
and 10 months and one of three
patients with renal cancer, who previ-
ously failed interferon-! therapy, had
complete remission for over 24 months.
As a result of this study, the recom-
mended doses for phase II clinical trial
are 20 mg daily of tamoxifen and 3 mil-
lion units/m2 of interferon-! subcuta-
neous injections three times a week. A
phase II trial of this regime in soft tis-
sue sarcoma is underway.

INTRODUCTION
Interferon-! has been used to treat var-
ious malignancies, including Kaposi’s
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ABSTRACT
Both tamoxifen and interferon-! exert
many antitumor activities. The combina-
tion of these agents in the treatment of
cancer warrants systematic evaluation.
In this phase I clinical trial, tamoxifen
was administered as a fixed daily dose of
20 mg orally with escalating doses of
interferon-! 2b (Schering-Plough) of 3,
10, and 20 million units/m2 given as sub-
cutaneous injections three times a week.
Twelve patients were enrolled in this
study including 6 males and 6 females
with a median age of 56 years (range, 33
to 70 years). The diagnoses included soft
tissue sarcoma (7), renal cancer (3) and
breast cancer (2). The median number of
prior treatment regimens was 2 (range, 1
to 7 prior treatments). Tamoxifen and
interferon-! were administered for a
median duration of 10 weeks (range, 1
to 60 weeks). None of the 6 patients
treated on the first dose level of inter-
feron-! (3 million units/m2) experienced
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sarcoma, renal carcinoma, melanoma,
follicular lymphoma, central nervous
system  tumors, chronic myelogenous
leukemia, hairy cell leukemia, and multi-
ple myeloma. Interferon-! exerts
pleiotropic effects, including general
antiproliferative activity and
immunomodulation. Interferon-! also
shows anti-angiogenic activity that is
reflected clinically by the good response
of hemangiomas to interferon-!.1,2

Several cases of sarcoma have been
reported anecdotally to respond to
interferon-!.3,4 In addition, it has been
shown that interferon-! down regulates
the synthesis of basic fibroblast growth
factor (bFGF).5

Anti-estrogens are agents known to
exert anti-angiogenic activity.6,7,8

Tamoxifen is an antiproliferative agent
that in addition to antagonizing estrogen
action, inhibits protein kinase C (PKC),
which transduces mitogenic signals from
both fibroblast and epidermal growth
factors.9

In addition, tamoxifen increases the
level of transforming growth factor-!
(TGF-!), resulting in decreased
endothelial mitosis, which would lead to
additional inhibition of angiogenesis.10, 11

Combining interferon-! and tamoxifen
has been shown to have additive growth
inhibition of tumor cell line growth
independent of estrogen receptor
expression.12,13 This study combines two
biologic agents, interferon-! and tamox-
ifen, that have generally non-overlap-
ping toxicities. Both have more than
one anti-tumor activity mechanism and
they are expected to be active anti-can-
cer treatment when combined.

PATIENTS AND METHODS
Inclusion Criteria
Patients with a histologically proven
diagnosis of solid tumor were included
in this study. All patients had evidence
of metastatic disease, unresectable
tumor, or progressive disease after prior

therapy. Appropriate radiographic stud-
ies must have been completed within 1
month of study registration and the
most recent chemotherapy or radiother-
apy must have been no less than 4
weeks prior to study registration.
Patients must also have a Zuhord’s per-
formance status of 0 to 2, and a life
expectancy of at least 8 weeks. Patients
may not have biochemical evidence or
clinical history of significant end organ
dysfunction, as indicated by a white
blood count (WBC) ≥ 4000, absolute
neutrophil count (ANC) ≥ 1500/mm3,
platelet count ≥ 100,000/mm3, hemoglo-
bin (Hgb) ≥ 10.0 gm %, blood urea
nitrogen (BUN) £ 30 mg/dL, creatinine
£ 1.5mg/dL, bilirubin £ 2.0 mg/dL, alka-
line phosphatase <3.0 x upper limit of
normal level. Patients must not have
significant active infection, history of
pulmonary embolus or current deep
vein thrombosis, or symptomatic lung
disease. If there is known chronic
obstructive pulmonary disease, the
patient must have a DLCO ≥ 50% and a
FVC ≥ 60% of predicted normal values.
All patients signed an Institutional
Review Board-approved informed con-
sent form.

TREATMENT PLAN
Tamoxifen was given at fixed daily dose
of 20 mg. Interferon-! was given at an
escalating dose at three treatment levels.
Level I was 3 million units/m2, level II
was 10 million units/m2, and level III was
20 million units/m2. Interferon-! was
given three times a week by subcuta-
neous injection. Interferon-! was
administered at the level I dose for the
first three consecutive patients, and if no
grade III or IV toxicities were observed,
then another cohort of three patients
would be treated at the higher dose
level. If one grade III or IV toxicity is
encountered, then an additional 3
patients will be treated at the same dose
level. If no more grade III or IV toxicity
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is encountered, then a new cohort will
be started at the higher level. However,
if there are two or more grade III or IV
toxicities encountered at any level, the
next 3 patients will be treated at lower
level, which will be the maximum toler-
ated dose.

Monitoring   
Pretreatment evaluations included phys-
ical examination, complete blood count
and differential, urinalysis, BUN, creati-
nine, electrolytes, transaminase, alkaline
phosphatase, total bilirubin, chest
roentgenogram, and CT scan of the
involved organs.

Patients had CBC, electrolytes, liver
function test, and toxicity notation on a
weekly basis and a physical examination
every other week. The tumor response
was evaluated at week number 8, and

then at week 26. If a patient has stable
disease or tumor response, then treat-
ment will be resumed. However, if there
is progression of the disease or unac-
ceptable toxicity, the patient will be
taken off the study.

RESULTS
Twelve patients were enrolled on this
study including 6 males and 6 females
with a median age of 56 years (range, 33
to 70 years). Patient characteristics are
depicted in Table 1. The diagnoses
included soft tissue sarcoma (7), renal
cancer (3) and breast cancer (2). The
median number of prior treatment regi-
mens was 2 (range, 1 to 7 prior treat-
ments). Tamoxifen and interferon-!
were administered for a median dura-
tion of 10 weeks (range, 1 to 60 weeks).
The first 3 patients at level I did not
experience serious toxicity, therefore,
the interferon-! dose was escalated to
level II. In the first 3 patients, one
patient had thryotoxicosis. Three addi-
tional patients were enrolled in Level II,
and two additional toxicities were
encountered including grade III hepato-
toxicity and neurotoxicity (Table 2).
Both toxicities were reversible.

The fourth cohort of patients was
treated on the level I dose of interferon-
!. No additional grade III or IV toxicity
was encountered. None of the 6 patients
treated on the first dose level of inter-
feron-! (3 million units/m2) experienced
higher than grade I toxicity.
Hematologic toxicities included only
grade 1 thrombocytopenia in 7 patients
(3 in the first level and 4 in the second
level) with a median nadir platelet count
of 129 k/mm3 (range, 89 to 234 k/mm3).
In 6 patients treated on the second dose
level of interferon-! (10 million
units/m2), 3 patients experienced tran-
sient grade III and IV toxicities includ-
ing thyrotoxicosis, hepatotoxicity, and
neurotoxicity. There were no treatment-
related deaths. The maximum tolerated
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Table 1. Patient Characteristics (N=12) 

Male 6

Female 6

Race

White 9

African American 3

Performance status

0-1 5

2 7

Tumor Type 

Sarcoma 7

Renal cell 3

Breast 2
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dose was determined to be 3 million
units/m2 of interferon-! 3 times weekly,
and tamoxifen 20 mg daily. Three of 7
patients with sarcoma had stable disease
for 5, 6, and 10 months and one of 3
patients with renal cancer had complete
remission for over 24 months. As a
result of this study, the recommended
doses for phase II clinical trial are
tamoxifen 20 mg daily and interferon-!
3 million /M2 three times a week subcu-
taneously. Phase II trials using these
doses are underway in patients with
advanced soft tissue sarcoma.

DISCUSSION
Combining both interferon-! and
tamoxifen as biologic agents with anti-
cancer activities is a very promising
approach that could be further potenti-
ated by additional anticancer therapy,
such as chemotherapeutic agents.

Anti-angiogenic agents form an
emerging modality of cancer therapy.14

The rationale is that for the tumor to
grow, adequate blood supply must be
available locally to deliver nutrients and
oxygen to tumor cells. This is accom-

plished by neovascularization (angiogen-
esis). The formation of new vessels may
also play a role in transporting tumor
cells to distant sites. For example, several
studies have correlated the increase of
microvessel density with worse outcome
of the disease.15-19

Our study determined the maximum
tolerated dose of interferon-! to be 3
million units/m2, three times a week, in
combination with 20 mg of tamoxifen,
daily. The higher dose of interferon-!
was associated with severe toxicities.
Although these toxicities are expected
side effects of interferon-! therapy
alone, one cannot rule out the potentiat-
ing effect of tamoxifen on interferon-!.
A smaller increment of interferon-!
dose (between 3-10 million) may have
resulted in a higher maximum tolerated
dose. However, we attempted in this
regimen, to push the dose of interferon-
! to a higher level similar to its use in
melanoma.

There are different mechanisms of
action for tamoxifen, including estrogen
receptors-independent anti-angiogenesis
activities. Tamoxifen inhibits protein
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Table 2. Therapy-related Toxicity by Grade and Dose Level

Dose Level I Dose Level II
N= 6 N= 6

Grade I/II Grade III/IV Grade I/II Grade III/IV
Leukopenia

2 0 2 0
Thrombocytopenia

1 1 2 0
Anemia

3 0 3 0
Renal

1 1 2 0
Hepatotoxicity

0 0 0 1
Hyperthyroidism

0 0 0 1
Neurotoxicity

0 0 0 1
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kinase C, which transduces mitogenic
signals from both fibroblast and epider-
mal growth factors. 20 In addition,
tamoxifen enhances transforming
growth factor beta results in decreased
endothelial mitosis, leading to angiogen-
esis inhibition.21 Other mechanisms of
action include inhibition calmodulin and
phospholipase C. It has antioxidant
activity, enhances apoptosis, and stimu-
lates phosphoinositide kinase. Finally,
tamoxifen may inhibit multidrug resist-
ance p glycoprotein.22

Tamoxifen potentiates the interfer-
o n -! activity through enhancement of
interferon-stimulated gene expression
(ISG) in interferon-resistant cells. 2 3

These genes have antiviral, a n t i - a n g i o-
g e n i c, immunomodulatory and cell cy c l e
inhibiting effects, and apoptotic effects. 2 4

There is conflicting data of whether
or not interferon-! affects the quantity
estrogen receptor with both increase
and decrease in the receptor
expression.25-28  Studies of patients with
sequential treatment of interferon-! and
tamoxifen showed an increase in hor-
mone receptors and P24 protein (estro-
gen-regulated protein) with interferon.29

Both interferon-! and tamoxifen are
anti-angiogenic agents that may enhance
each other’s activity.30 The observation
of some efficacy of this combination in
patients with sarcoma lead to an ongo-
ing phase II trial in this disease.

REFERENCES
1. Folkman J. Clinical applications of research

on angiogenesis. N Engl J Med.
1995;333:1757-1763.

2. Sidky YA, Borden EC. Inhibition of angio-
genesis by interferon: effects on tumor and
lymphocyte inducted vascular responses.
Cancer Res. 1987;47:5155-5161.

3. Iwagak H, Hizuta A, Yoshino T, et al.
Complete regression of advanced liposarco-
mas of the anterior chest wall with interferon
alpha and tumor necrosis factors. Anticancer
Res. 1993;13:13-15.

4. Rubinger M, Plenderleith IH, Lertzman M, et
al. Metastatic extraskeletal myxoid chon-
drosarcomas. Successful therapy with inter-
feron alpha 2b. Chest. 1995;108:281-282.

5. Singh RK, Gutman, M, Bucana D, et al.
Interferons alpha and beta down-regulate the
expression of basic fibroblast growth factor in
human carcinomas. Proceeding of the
National Academy of Sciences of the United
States of America. 1995;92:4562-4567.

6. Gagliardi A, Callins DC. Inhibition of angio-
genesis by antiestrogen. Cancer Res.
1993;53:533-551.

7. Weidner N, Semple JP, Welch WR, Folkman J.
Tumor angiogenesis and metastasis—correla-
tion in invasive breast carcinoma. N Engl J
Med. 1991;324:1-8.

8. Friedman ZY. Recent advances in under-
standing the molecular mechanism of tamox-
ifen action. Cancer Invest. 1998;16:391-396.

9. O’Brien CA, Liskamp RM, Solomon DH, et
al. Inhibition of protein kinase C by tamox-
ifen. Cancer Res. 1985;45:2462-2465.

10. Weidner N, Semple JP, Welch WR, Folkman J.
Tumor angiogenesis and metastasis—correla-
tion in invasive breast carcinoma. N Engl J
Med. 1991;324:1-8.

11. Friedman ZY. Recent advances in under-
standing the molecular mechanism of tamox-
ifen action. Cancer Invest. 1998;16:391-396.

12. Porzsot F, Otto AM, Trauschel B, et al.
Rationale for combining tamoxifen and inter-
feron in the treatment of advanced breast
cancer. J Cancer Res Clin Oncol.
1989;115:465-469.

13. Lindner DJ, Borden EC. Synergistic antitu-
mor effects of a combination of interferon
and tamoxifen on estrogen receptor-positive
and receptor-negative human tumor cell lines
in vivo and in vitro. J Interfer Cytokine Res.
1997;17:681-693.

14. Folkman J. Clinical applications of research
on angiogenesis. N Engl J Med.
1995;333:1757-1763.

15. Weidner N, Semple JP, Welch WR, Folkman J.
Tumor angiogenesis and metastasis—correla-
tion in invasive breast carcinoma. N Engl J
Med. 1991;324:1-8.

16. Takebayashi, Aklyama S, Yamada K, et al.
Angiogenesis as an unfavorable prognostic
factor in human colorectal carcinoma. Cancer.
1996;78:226-231.

17. Fontanini G, Lucchi M, Vignati S, et al.
Angiogenesis as a prognostic indicator of sur-
vival in non-small cell lung carcinoma: a
prospective study. J Natl Cancer Inst.
1997;18:89:881-886.

Vol. 4, No. 3, 2004 • The Journal of Applied Research468

Jaziehrev-vol4,no3  1/10/70  7:54 PM  Page 468



18. Weidner N, Carroll PR, Flax J, et al. Tumor
angiogenesis correlates with metastasis in
invasive prostate carcinoma. Am J Pathol.
1993;143:401-409.

19. Hollingsworth HC, Kohn EC, Steinberg SM,
et al. Tumor angiogenesis in advanced stage
ovarian carcinoma. Am J Pathol. 1995;147:9-
19.

20. Blackwell KL, Haroon ZA, Shan S, et al.
Tamoxifen inhibits angiogenesis in estrogen
receptor negative animal models. Clin Canc
Res. 2000;6:4359-4364.

21. Gagliardi A. Inhibition of angiogenesis by
antiestrogens. Cancer Res. 1993;53:533.

22. Zeev YF. Recent advances in understanding
the molecular mechanisms of tamoxifen
action. Cancer Invest. 1998;16:391-396.

23. Lindner DJ, Kolla V, Kalvakolanu DV,
Borden EC. Tamoxifen enhances interferon
regulated gene expression in breast cancer
cells. Mol Cell Biochem. 1997;167:169-177.

24. Chawla-Sarkar M, Lindner DJ, Liu YF, et al.
Apoptosis and interferons: role of interferon-
stimulated genes as mediators of apoptosis.
Aptosis. 2003;8:237-249.

25. Porzsot F, Otto AM, Trauschel B, et al.
Rationale for combining tamoxifen and inter-
feron in the treatment of advanced breast
cancer. J Cancer Res Clin Oncol.
1989;115:465-469.

26. Josui K, Kubota T, Kitajima M. Recombinant
human interferon-alpha 2 increases hormone
receptor level of a human breast carcinoma
xenograft in nude mice and enhances the
anti-proliferative activity of tamoxifen. Jpn J
Cancer Res. 1992;83:1347-1353.

27. van den Berg HW, Leahey WJ, Lynch M,
Clarke R, Nelson J. Recombinant human
interferon alpha increases estrogen receptor
expression in human breast cancer cells (ZR-
75-1) and sensitizes them to the anti-prolifer-
ative effect of tamoxifen. Br J Cancer.
1987;55:255-257.

28. Sica G, Iacopina F, Della Cung GR, Marchetti
P. Recombinant interferon-alpha 2b affects
proliferation, steroid receptors and sensitivity
to tamoxifen of cultured breast cancer cells
(CG-5). Anticancer Drugs. 1992;3:147-153.

29. Seymour L, Bezwoda WR. Interferon plus
tamoxifen treatment for advanced breast can-
cer in vivo biologic effects of two growth
modulators. Br J Cancer. 1993;68:352-356.

30. Lindner DJ. Interferons as antiangiogenic
agents. Curr Oncol Rep. 2002;4:510-514.

The Journal of Applied Research • Vol. 4, No. 3, 2004 469

Jaziehrev-vol4,no3  1/10/70  7:54 PM  Page 469


