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Abstract. Background: Mifepristone, a progesterone receptor
antagonist, has been found to provide palliative benefits for
various types of spontaneous murine cancer in randomized
controlled trials and in anecdotal reports from a variety of
advanced metastatic human cancer not known to be associated
with progesterone receptors. The theory of its mechanism is that
it prevents the secretion of a progesterone-induced immunomodulatory protein in the tumor microenvironment, or in the
tumor cell itself, called the progesterone-induced blocking factor,
which inhibits natural killer cells from attacking the cancer cell.
Many anticancer chemotherapeutic agents fail to cross the
blood–brain barrier and thus prove ineffective for brain cancer.
The objective of the present study was to determine if
mifepristone could provide palliative benefits to a patient with
end-stage stage IV glioblastoma multiforme. Case Report: A 43year-old male with end-stage stage IV glioblastoma multiforme
was exclusively treated with mifepristone 200 mg orally daily.
Results: The patient showed definite palliative effects for several
weeks and his life was significantly extended beyond pretreatment predictors. Conclusion: It appears that mifepristone
does cross the blood–brain barrier and could be considered for
palliative therapy of other patients with chemotherapy-resistant
brain cancer.
The prognosis of patients with malignant glioma remains
extremely poor despite surgery and improvements in radio- and
chemotherapies. Therapeutic treatment with chemotherapeutic
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agents, e.g. temozolomide or 1,3-bis(2-chloroethnyl)-1nitrosurea carmustine wafers or tipifarnib have not significantly
improved patient survival (1-3).
It has been hypothesized that an immunomodality protein
expressed by gamma delta thymic (T) cells with up-regulation
of progesterone receptors will be produced after these cells
have been exposed to a high concentration of progesterone.
It has been hypothesized that this protein, known as the
progesterone-induced blocking factor (PIBF) suppresses
natural killer cell activity in the tumor microenvironment and
thus provides one mechanism allowing cancer cells to escape
immune surveillance, similar to the immunosuppressant effect
that this protein has on natural killer cells during normal
pregnancy (4-6). This hypothesis was supported by the
demonstration of PIBF mRNA expression in all human
leukemia cell lines tested in one study, including T-cell
leukemia, seven myeloid leukemia and 10 B-cell leukemia
cell lines (7). In that same study, 4 out of 10 leukemia cell
lines tested for expression of this PIBF protein exhibited upregulation of PIBF expression when extra progesterone was
added to the culture medium, and down-regulation of PIBF
expression was found with use of the progesterone receptor
antagonist mifepristone (7).
The aforementioned study led to the evaluation of
progesterone receptor antagonist therapy for possible
palliative therapy for cancer. The first randomized controlled
trials were attempted for spontaneous murine cancer.
Mifepristone treatment was found to improve the length and
quality of survival of mice with spontaneous leukemia not
known to be associated with progesterone receptors (8).
Subsequently gavaging with mifepristone compared to
untreated controls was found to improve the length and
quality of life in mice with solid malignant tumors including
lung, testicular, and prostate cancer (9, 10).
Based on these cell line and murine studies, the United
States Food and Drug Administration granted permission on a
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case-by-case basis to allow mifepristone therapy to be given
for palliation in patients with very advanced cancer who have
exhausted all other treatment options. The first type of cancer
without known progesterone receptors treated in humans with
mifepristone for palliation was metastatic adenocarcinoma of
the colon (male and female) and the drug seemed to provide
a very good palliative effect in both (11). Subsequently
palliative benefit was demonstrated in thymic epithelial cell
cancer, transitional cell carcinoma of the renal pelvis,
pancreatic cancer and malignant fibrous histiocytoma (12).
Many anticancer chemotherapeutic drugs are not effective
for brain cancer due to the blood–brain barrier, which often
represents the robust P-glycoprotein-mediated efflux process
from capillary endothelial cells in the cerebral circulation.
The blood–brain barrier partially isolates the brain from the
peripheral environment. Anatomically, the barrier is created
by the presence of impermeable tight junctions between
endothelial cells and by a relative absence of transendothelial
conduits for the passive diffusion of soluble molecules.
Because of the blood–brain barrier, lipid-insoluble molecules
must utilize either ion channels or specific transport systems
to gain entry to the central nervous system.
Mifepristone has been found to be effective in treating one
type of brain tumor – meningioma (13-15). However,
meningiomas lie outside of the blood–brain barrier. It is not
clear if mifepristone can gain access to the brain through the
blood–brain barrier and provide palliation for brain cancer.
Described herein is a case report of a 43-year-old male with
very advanced, highly-invasive grade IV glioblastoma
multiforme treated with mifepristone.

Case Report
A 43-year-old male suddenly presented with a three-week
episode of severe protracted headaches. A computed
tomographic scan and magnetic resonance imaging were
performed which showed a large cerebral mass involving the
frontal, parietal and temporal lobes, and the basal ganglia.
Surgical resection found a large grade IV glioblastinoma
multiforme tumor arising originally from the temporal lobe.
Despite radiation and chemotherapy, repeat magnetic
resonance imaging two months later showed progression of
the tumor, with metastasis to the spinal cord. Because of the
multifocal nature of the tumor, the patient was advised that
he was not a candidate for any further therapyand that death
would likely be within two months.
Oral mifepristone at 200 mg daily was started two months
after receiving this terrible prognosis, when he was advised
that death was imminent. At the time of starting the
mifepristone, the patient was sleeping for most of the day
and was not able to carry-out a normal conversation. Within
two weeks of taking mifepristone, the patient became much
more alert and was able to carry-out intelligent
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conversations. Before starting the medication, he was
paralyzed from the neck down and his hands were in a
clenched position. After two weeks of therapy, he was able to
open his hands.
His paralysis did slowly progress such that after about
three months on mifepristone, he had difficulty in breathing.
Because he had trouble swallowing, mifepristone was
stopped. the patient died two weeks later.

Discussion
These data suggest that mifepristone can cross the
blood–brain barrier and thus could be used for palliative
therapy of advanced brain cancer. It is hoped that the
publication of this case report will generate interest in a
larger randomized controlled trial. Possibly other
progesterone receptor antagonists with less antiglucocorticoid receptor activity, e.g. ullipristal could be tried
for malignant glioma and could prove even more effective.
Mifepristone has been found to be effective in treating
certain tumors known to possess progesterone receptors, e.g.
breast cancer (16-19). The reason for trying mifepristone for
menengiomas was that they were also found to possess
progesterone receptors (13). The only other tumor known to
have progesterone receptors is prostate cancer. The reason
for using mifepristone for malignant glioma and a variety of
other cancer types not known to possess progesterone
receptors is that even without abundant progesterone
receptors, a tumor may secrete progesterone or a
progesterone-like substance that is able to generate PIBF
production either intra-cytoplasmically in the tumor, or by
gamma/delta T-cells in the tumor microenvironment (4, 5).
The hypothesized secretion of progesterone may seem
problematic. However, there are data that most tumors
secrete human chorionic gonadotropin (hCG), which can
stimulate progesterone (20-22).
mRNA for PIBF has not only been found to be increased
in all human leukemia cell lines tested but has also been
found to be expressed in many normal tissues, and its level is
significantly higher in the various tumors relative to normal
tissue counterparts (23). The predominant form of the PIBF
protein is 90 kDa (7, 23). The 90-kDa protein seems to be
encoded by 18 exons of the predominant PIBF mRNA. Exons
1-5 and 17-18 transcript encodes for PIBF of 34-36 kDa (23,
24). The ~35 kDa PIBF isoform contains the N-terminal 223
and C-terminal 75 amino acids (23).
The centrosome is the primary microtube organizing
center in animal cells. Disturbed centrosome duplication
causes unequal segregation of chromosome and ultimately
tumorigenesis. The 90kDa protein is predominantly located
in the centrosome, whereas the 34-36 kDa splice variant, the
main secreted form, is predominantly found in the cytoplasm
(23). A number of proteins shown to be involved in tumor
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genesis are associated with the centrosome. Interestingly
other tumor-suppressing proteins, e.g. breast cancer antigen1 (BRCA1) and p53 have the same centrosomal location as
PIBF (25-29).
Further studies are required to determine if the 35-kDa
isoform of PIBF described by Lachman et al. in the cytoplasm
of cancer cells is identical to the 34-kDa form that rises
precipitiously in females or males exposed to progesterone
(24). Even if not identical, this protein, similarly to the 34-kDa
secreted form, may be up-regulated by progesterone and be
inhibited by progesterone receptor antagonism, thus,
explaining the ameliorative effect of mifepristone even on
tumors not known to have progesterone receptors.
The original hypothesis was that tumors may direct
gamma/delta T cells in the tumor microenvironment to make
the 34-kDa protein PIBF similar to that found in high levels
in pregnancy states related to progesterone secretion and thus
inhibit natural killer cell cytolytic activity in the tumor
microenvironment. Based on the intracellular location of the
34-kDa PIBF splice variant, the possibility exists that
intracellular progesterone production by tumor cells directs
the parental 90 kDa protein to produce more of the
intracellular 35-kDa PIBF protein, and this in turn protects
the tumor cell from immune destruction. Now that a highly
sensitive PIBF assay has been developed, it will be interesting
to see if, similar to the pregnancy or post-ovulatory states, an
increased serum PIBF level will be found and thus be a tumor
marker. However, if most of the 34-36 kDA PIBF protein
remains in the cytoplasm of the tumor cell, the tumor may
still respond to drugs that inhibit progesterone receptivity
even without being detected in the serum (30).

References
1 Mihaliak AM, Gilbert CA, Li L, Daou MC, Moser RP, Reeves
A, Cochran BH and Ross AH: Clinically relevant doses of
chemotherapy agents reversibly block formation of glioblastoma
neurospheres. Cancer Lett 296: 168-177, 2010.
2 Nghiemphu PL, Wen PY, Lamborn KR, Drappatz J, Robins HI,
Fink K, Malkin MG, Lieberman FS, DeAngelis LM, TorresTrejo A, Chang SM, Abrey L, Fine HA, Demopoulos A,
Lassman AB, Kesari S, Mehta MP, Prados MD, Cloughesy TF
and North American Brain Tumor Consortium: A phase I trial of
tipifarnib with radiation therapy, with and without
temozolomide, for patients with newly diagnosed glioblastoma.
Int J Radiat Oncol Biol Phys 81: 1422-1427, 2011.
3 Borges KS, Castro-Gamero AM, Moreno DA, da Silva Silveira
V, Brassesco MS, de Paula Queiroz RG, de Oliveira HF, Carlotti
CG Jr., Scideli CA and Tone LG: Inhibition of aurora kinases
enhances chemosensitivity to temozolomide and causes
radiosensitization in glioblastoma cells. J Cancer Res Clin Oncol
138: 405-414, 2012.
4 Check JH, Nazari P, Goldberg J, Yuen W and Angotti D: A
model for potential tumor immunotherapy based on knowledge
of immune mechanisms responsible for spontaneous abortion.
Med Hypoth 57: 337-343, 2001.

5 Check JH, Dix E and Sansoucie L: Support for the hypothesis
that successful immunotherapy of various cancers can be
achieved by inhibiting a progesterone associated
immunomodulatory protein. Med Hypoth 72: 87-90, 2009.
6 Check JH, SanSoucie L, Chern J, Amadi N, Srivastava M and
Larece K: Evidence that progesterone receptor antagonists may
help in the treatment of a variety of cancers by locally
suppressing natural killer cell activity. Clin Exp Obst Gynecol
34: 207-211, 2007.
7 Srivastava MD, Thomas A, Srivastava BI and Check JH:
Expression and modulation of progesterone-induced blocking
factor (PIBF) and innate immune factors in human leukemia cell
lines by progesterone and mifepristone. Leuk Lymphoma 48:
1610-1617, 2007.
8 Check JH, Sansoucie L, Chern J, Amadi N and Katz Y:
Mifepristone treatment improves length and quality of survival
of mice with spontaneous leukemia. Anticancer Res 29: 29772980, 2009.
9 Check JH, Sansoucie L, Chern J and Dix E: Mifepristone
treatment improves length and quality of survival of mice with
spontaneous lung cancer. Anticancer Res 30: 119-122, 2010.
10. Check JH, Dix E, Wilson C and Check D: Progesterone receptor
antagonist therapy has therapeutic potential even in cancer
restricted to males as evidenced from murine testicular and
prostate cancer studies. Anticancer Res 30: 4921-4923, 2010.
11 Check JH, Dix E, Sansoucie L and Check D: Mifepristone may
halt progression of extensively matastatic human
adenocarcinoma of the colon – case report. Anticancer Res 29:
1611-1613, 2009.
12 Check JH, Dix E, Cohen R, Check D and Wilson C: Efficacy of
the progesterone receptor antagonist mifepristone for palliative
therapy of patients with a variety of advanced cancer types.
Anticancer Res 30: 623-628, 2010.
13 Grunberg SM: Role of antiprogestational therapy for
meningiomas. Hum Reprod 9: 202-207, 1994.
14 Grunberg SM, Weiss MH, Spitz IM, Saretsky S, Kletzky O
and Groshen S: Long-term treatment with the oral
antiprogestational agent mifepristone (RU 486). In: Adjuvant
Therapy of Cancer VII. Salmon SE (ed). Philadelphia, JB,
Lippincott, p. 55, 1993.
15 de Keizer RJ and Smit JW: Miferpristone treatment in patients
with surgically incurable sphenoid-ridge meningioma: A longterm follow-up. Eye 18: 954-958, 2004.
16 Bakker GH, Setyono Han B, Portengen H, De Jong FH, Foekens
JA and Klign JG: Treatment of breast cancer with different
antiprogestins: Preclinical and clinical studies. J Steroid
Biochem Mold Biol 37: 789-794, 1990.
17 Klijn JG, Setyono Han B and Foekens JA: Progesterone
antagonists and progesterone receptor modulators in the
treatment of breast cancer. Steroids 65: 825-830, 2000.
18 Romieu G, Maudelonde T, Ulmann A, Pujol H, Grenier J,
Cavalie G, Khalaf S and Rochefort H: The antiprogestin RU 486
in advanced breast cancer: preliminary clinical trial. Bull Cancer
74: 455-461, 1987.
19 Perrault D, Eisenhauer EA, Pritchard KI, Panasci L, Norris B,
Vandenberg T and Fisher B: Phase II study of the progesterone
antagonist mifepristone in patients with untreated metastatic
breast carcinoma: A National Cancer Institute of Canada
Clinical Trials Group study. J Clin Oncol 14: 2709-2712,
1996.

2387

ANTICANCER RESEARCH 34: 2385-2388 (2014)
20 Acevedo HF, Campbell-Acevedo GA, Buffo MK and Krichevsky
A: In vivo expression of membrane-associated human chorionic
gonadotropin by cells isolated from cancerous human tissues.
Proc Am Assoc Cancer Res 34: 27, 1994.
21 Acevedo HF, Tong JY and Hartsock RJ: Human chorionic
gonadotropin-beta subunit gene expression in cultured human
fetal and cancer cells of different types and origins. Cancer 76:
1467-1475, 1995.
22 Acevedo HF, Longinotti SM and Marquardt M: Expression of
hCG, its subunits and fragments by human cultured cancer cells
of the nervous system. Cancer Detect Prevent 19: 37, 1995.
23 Lachmann M, Gelbmann D, Kalman E, Polgar B, Buschle M,
von Gabain A, Szekeres-Bartho J and Nagy E: PIBF
(progesterone induced blocking factor) is overexpressed in
highly proliferating cells and associated with the centrosome. Int
J Cancer 112: 51-60, 2004.
24 Polgar P, Kispal G, Lachmann M, Paar C, Nagy E, Csere P,
Miko E, Szereday L, Varga JP and Szekeres-Bartho J: Molecular
cloning and immunological characterization of a novel cDNA
coding for PIBF. J Immunol 171: 5956-5963, 2003.
25 Fukasawa K, Choi T, Kuriyama R, Rulong S and Vande Woude
GF: Abnormal centrosome amplification in the absence of p53.
Science 271: 1744-1747, 1996.
26 Deng CX: Roles of BRCA1 in centrosome duplication.
Oncogene 21: 6222-6227, 2002.

2388

27 Tutt A, Gabriel A, Bertwistle D, Connor F, Paterson H, Peacock
J, Ross G and Ashworth A: Absence of Brca2 causes genome
instability by chromosome breakage and loss associated with
centrosome amplification. Current Biol 9: 1107-1110, 1999.
28 Thakure S, Zhang HP, Peng Y, Le H, Carroll B, Ward T, Yao J,
Farid LM, Couch FJ, Wilson RB and Weber BL: Localization of
BRCA1 and a splice variant identifies the nuclear localization
signal. Mol Cell Biol 17: 444-452 1997.
29 Gergely F, Karlsson C, Still I, Cowell J, Kilmaritn J and Raff
JW: The TACC domain identifies a family of centrosomal
proteins that can interact with microtubules. Proc Natl Acad Sci
USA 19: 14352-14357 2000.
30 Cohen R, Check JH, DiAntonio A and Srivastava MD:
Progesterone-induced blocking factor (PIBF), an immunosuppressive protein that inhibits natural killer (NK) cell cytolytic
activity, detected three days after embryo transfer (ET). 68th
Annual Meeting of the American Society for Reproductive
Medicine. Fertil Steril 98: S28, 2012.

Received February 19, 2014
Revised March 17, 2014
Accepted March 18, 2014

