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Treatment of Glioblastoma with Intravenous Taurolidine.
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Abstract. Background: Despite progress in diagnosis and
therapy, the prognosis of patients with glioblastoma remains poor.
Recently it has been found that the antibacterial agent taurolidine
has a direct and selective antineoplastic effect on brain tumor
cells by the induction of programmed cell death. This paper
reports on intravenous taurolidine treatment in two patients with
a progressive glioblastoma despite conventional therapy. Patients
and Methods: Two male patients with histopathologically
diagnosed glioblastoma were included. The tumors were
progressive despite conventional therapy. Intravenous taurolidine
treatment was initiated. Results: The neurological condition and
quality of life improved in both patients such that they could be
discharged for further outpatient treatment. Follow-up
demonstrated partial remission of the tumor in both patients.
However, both patients died about 4 months following the start of
taurolidine treatment, from pneumonia and acute
thrombembolism, respectively. Conclusion: Both patients
achieved a transient, marked improvement in quality of life and
partial tumor remission. There was a clear response to the
taurolidine treatment.
Glioblastomas are among the most devastating tumors,
leading to death in most cases. Despite the "standard therapy"
– removal of the tumor followed by radiotherapy – the
prognosis remains poor. Because of their infiltrative growth
glioblastomas tend to recur in the vast majority of cases, even
after apparently complete gross resection (1-3). This results
in one of the highest mortality rates of all human cancer types
(4). The median survival time is reported to range from 9 to
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12 months (5, 6). In a meta-analysis, reviewing the data from
12 randomized trials, a 2-month increase in median survival
time by adjuvant chemotherapy had been achieved (7).
However, glioblastomas remain a major cause of mortality in
a relatively young population. The limited therapeutic options
available for treating these tumors make it necessary to
extend the search for potentially effective alternative
treatment strategies.
The synthetic agent taurolidine (bis-(1,1-dioxoperhydro1,2,4-thiadiazinyl-4)methane) (Taurolin®,Geistlich Pharma,
Wolhusen, Switzerland) has a known topical antibacterial
activity (8-11). In addition, intravenous taurolidine has been
used as an adjunct to treat severe infections under trial
conditions. It is associated with only mild collateral effects
(12-14). Recently, taurolidine was found to have a direct
and selective antineoplastic effect on brain tumor cells
combined with anti-angiogenetic activity (15-18). This
antineoplastic effect, combined with the low toxicity known
from studies with intravenous use of this substance as an
adjunct for treating severe infections (19, 20), encouraged
the authors to use intravenous taurolidine treatment in two
patients with progressive glioblastoma despite conventional
treatment following informed consent of the patients and
with agreement of the local ethics committee.

Case Report I
The 66-year-old male had experienced headache, confusion,
impaired concentration and a slight left-sided hemiparesis
since May 2002. Magnetic resonance imaging showed a
diffuse space occupying lesion right-sided in the area of the
right hippocampus and the lower temporal gyrus. Stereotactic
biopsy was performed in June 2002. The histopathological
analysis of the specimen revealed a glioblastoma with a
proliferation index of 25 %. Resection of the tumor was not
indicated. A cranial radiation therapy was performed with a
total dose of 49.4 Gy. After this the patient received a single
cycle of BCNU, which was not continued because of tumor
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Figure 1. Gadolinium-enhanced MRI showed contrast enhancing diffuse glioblastoma in the right hippocampal region and the right lower temporal
gyrus with perifocal edema and a second focus (arrows) on the left side (upper line). Tumor size, contrast enhancement and perifocal edema were
markedly decreased about 7 weeks later (lower line). The second focus (arrows) has also decreased in size.

progression and side-effects (nausea, thrombocytopenia). The
patient experienced increasing diplopia, confusion, headache
and general seizures.
The patient was admitted to our department and he
received taurolidine intravenously with a daily dose of 20 g
from November till December 2002. In addition he
received valproic acid and the corticoid regimen was
continued. There were no side-effects from the taurolidine
treatment and the corticoid dose could be decreased during
the taurolidine treatment. After therapy the patient was
discharged in a good clinical condition. Diplopia and
headache were no longer apparent. The only symptom was
an intermittent slight confusion, which had improved as
compared to the status on admission. There was no further
neurological deficit.
Follow-up using clinical and neurological examination and
contrast enhanced MRI did not reveal any tumor
progression. From February to March he received another
taurolidine treatment with a daily dose of 20 g to a
cumulative dose of 840 g. Again there were no side-effects.
MRI, performed with the same parameters, showed a
decreased tumor size and decreased contrast enhancement
with no signs of progression (Figure 1). According to
standardized criteria (21), the disease was classified as
"partial remission". Shortly after finishing therapy the patient
developed slight edema in both lower legs. He died from
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thrombembolism 4 months after the start of the taurolidine
treatment. Autopsy revealed severe thrombembolism as the
cause of death. The tumor had a size of 5 x 3 x 1.5 cm with
only slight space occupying effect and no signs of cerebral
herniation. There were no signs of side-effects from the
taurolidine treatment in any organ.

Case Report II
This 40-year-old male patient suffered a generalized seizure
in April 2001. Magnetic resonance imaging demonstrated a
left temporal mass infiltrating the basal ganglia. Biopsy
revealed a glioblastoma, which was not suitable for resection.
Radiochemotherapy was initiated (60 Gy total dose, daily
complemented by 0.5 mg/m2 body-surface of Topotecan).
Initial improvement was followed by deterioration in
vigilance and progressive hemiparesis weeks after conclusion
of the radiochemotherapy. Shortly thereafter the patient was
admitted in a soporous state. Computerized tomography
(CT) showed marked tumor progression with ventricular
compression and midline shift (Figure 2).
Following initial improvement by antiedematous
treatment, taurolidine was administered intravenously at a
daily dose of 20 g for a total of 2 x 21 days. The neurological
condition improved after the first taurolidine treatment
period. The patient was discharged for further outpatient
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Figure 2. CT scans obtained following radiochemotherapy prior to the taurolidine treatment (left) demonstrate a large left temporal glioblastoma with
cystic components and marked perifocal edema. Note the ventricular compression and midline shift. CT with contrast medium scans following taurolidine
treatment (right). Marked regression of the solid and cystic tumor components and disappearance of the perifocal edema.

treatment 3 weeks following the beginning of taurolidine
therapy. During a subsequent break in treatment (about 3
months following the start of taurolidine treatment), the
patient suffered an acute diabetic decompensation as a result
of a latent diabetes mellitus and prolonged corticoid intake.
CT on re-admission showed a marked size-reduction of the
tumor as well as disappearance of perifocal edema (Figure
2). According to standardized criteria (21), the disease was
classified as "partial remission". Because of the diabetic
decompensation the taurolidine treatment was interrupted.
Six weeks later, the patient developed a severe pneumonia.
He died about 4 months following the beginning of
taurolidine treatment due to progression of pneumonia.

Discussion
Taurolidine, a derivative of the non-essential aminoethylsulfonic acid taurine, has been used as an adjunct to treat
bacterial infections for many years (8-10, 22-25). In addition,
taurolidine was reported to suppress the activity of
interleukin-1 (IL-1) and tumor necrosis factor alpha (TNF·) in humans (26-28). Furthermore, taurolidine was observed
to reduce the severity of postoperative and inflammatory
peritoneal adhesions (26, 27, 29). Considering these effects,

taurolidine has been applied by lavage to reduce
postoperative adhesions and for treatment of peritonitis (3033). In contrast to other antibacterial agents, taurolidine acts
by a chemical reaction. Active hydroxymethyl-groups formed
by degradation of taurolidine seem to react with components
of the bacterial cell wall. As a result the adhesion of the
bacteria to biological surfaces is prevented (34-36).
In 1990 Monson et al. (37, 38) noticed a direct growth
inhibition of intestinal tumor cell lines following exposure
to taurolidine. An influence on the adhesive properties of
the tumor cells, similar to that of bacteria, was thought to
be the mechanism of this antineoplastic effect (37-39). In
agreement with this assumption, it has been reported that
intraperitoneal administration of a taurolidine-heparin-CO2
mixture to rats receiving simultaneous intraperitoneal
injections with colon adenocarcinoma cells prevented
adhesion of the tumor cells (40).
In contrast, it has been recently found that taurolidine
exerts a direct and selective antineoplastic effect on brain
tumor cells (15-18). The results of these studies suggest that
not simply an inhibition of cell adhesion but the induction of
programmed cell death, probably of a mixed type of
autophagy and apoptosis (41), is the underlying mechanism of
the direct antineoplastic action of taurolidine. Furthermore,
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the induction of the programmed cell death following
exposure to taurolidine was found to be specific for tumor
cells. Surprisingly, the taurolidine concentration required for
this antineoplastic effect was about two orders of magnitude
lower than its antibacterial concentration, which has been
reported to be in the range of some milligrams per milliliters
(19, 32, 34, 42).
The results of the described therapeutic trials using
intravenous taurolidine treatment in patients with a
progressive glioblastoma seem encouraging. Both patients
achieved a transient, marked and surprising improvement in
quality of life during and after taurolidine treatment. Both
patients could be discharged after therapy. There was a
clear response to the taurolidine treatment. The aggressive
tumor growth was stopped in both cases, achieving a partial
remission of the tumors.
The survival time was limited to about 4 months in both
cases, caused by a thrombembolism in the first and pneumonia
in the second patient. A meta-analysis investigating patients
with recurring malignant glioma revealed a progression-free
interval of 9 weeks and a progression-free survival rate
following 6 months of 15 % (43). In patients with anaplastic
astrocytoma or anaplastic oligoastrocytoma treated with
temozolomide, the progression-free interval was 11 weeks and
the progression-free survival rate following 6 months 21 %
(44). However, it is well known that glioblastoma is much more
aggressive and causes shorter survival times as compared to
anaplastic astrocytoma or anaplastic oligoastrocytoma (45-48).
Thrombembolism is a known and frequent complication in
patients with advanced malignant glioma. It is reported to
occur in about 18 % of the cases and to have a more severe
course as compared to patients without glioblastoma (49-51).
Severe infections such as pneumonia in the second patient may
have been promoted by long corticoid intake and the latent
diabetes mellitus.
Taking into account the results of these cases, a clinical
trial was prepared to study the effect of taurolidine in
patients with recurrent or progressive glioblastoma following
standard treatment.

Conclusion
The results of the described therapeutic trials using
intravenous taurolidine treatment in patients with a
progressive glioblastoma seem encouraging. Together with
the in vitro results, these cases suggest that taurolidine may
constitute a promising antineoplastic agent for treatment of
glioblastoma that warrants future examination.

References
1 Choucair AK, Levin VA and Gutin PH: Development of
multiple lesions during radiation therapy and chemotherapy in
patients with gliomas. J Neurosurg 22: 465, 1986.

1146

2 Hochberg FH and Pruitt A: Assumptions in the radiotherapy of
glioblastoma. Neurology 30: 907, 1980.
3 Wallner KE, Galicich JH and Krol G: Patterns of failure
following treatment for glioblastoma multiforme and anaplastic
astrocytoma. Int J Radiat Oncol Biol Phys 16: 1405, 1989.
4 Deen DF, Chiarodo A, Grimm EA, Fike JR, Israel MA, Kun
LE, Levin VA, Marton LJ, Packer RJ, Pegg AE, Rosenblum
ML, Suit HD, Walker MD, Wikstrand CJ, Wilson CB, Wong
AJ and Yung WKA: Brain Tumor Working Group Report on
the 9th International Conference on Brain Tumor Research
and Therapy. Organ System Program, National Cancer
Institute. J Neurooncol 16: 243-72, 1993.
5 Davis FG, Freels S, Grutsch J, Barlas S and Brem S: Survival
rates in patients with primary malignant brain tumors stratified
by patient age and tumor histological type: an analysis based on
Surveillance, Epidemiology, and End Results (SEER) data,
1973-1991. J Neurosurg 88: 1-10, 1998.
6 Burger PC and Green SB: Patient age, histologic features, and
length of survival in patients with glioblastoma multiforme.
Cancer 59: 1617-25, 1987.
7 Glioma Meta-analysis Trialists Group: Chemotherapy in adult
high-grade glioma: a systematic review and meta-analysis of
individual patient data from 12 randomised trials. Lancet 359:
1011-1018, 2002.
8 Pfirrmann RW: Taurolin-ein neues Konzept zur antimikrobiellen
Chemotherapie chirurgischer Infektionen. In: Brückner WL and
Pfirrmann RW (eds.), Taurolin. Ein Neues Konzept zur
Antimikrobiellen Chemotherapie Chirurgischer Infektionen., pp.
3-23. München, Wien, Baltimore: Urban & Schwarzenberg, 1985.
9 Pfirrman RW and Leslie GB: The anti-endotoxin activity of
taurolin in experimental animals. J Appl Bacteriol 46: 97-102, 1979.
10 Bieselt R: Chirurgische Therapie des Pleuraempyems mit
Taurolin. Langenbecks Arch Chir 382: S42-S46, 1997.
11 Jurewitsch B, Lee T, Park J and Jeejeebhoy K: Taurolidine 2%
as an antimicrobial lock solution for prevention of recurrent
catheter-related bloodstream infections. JPEN J Parenter
Enteral Nutr 22: 242-4, 1998.
12 Marti MC, Moser G, Wicki O, Linder M and del Ponte F:
Intravenous and intraperitoneal administration of an antiseptic:
65 cases of diffuse peritonitis treated with taurolin. Helv Chir
Acta 46: 755-8, 1980.
13 Wesch G, Petermann C and Linder MM: Drug therapy of
peritonitis. 6-year experience with the chemotherapeutic agent
and anti-endotoxin taurolin. Fortschr Med 101: 545-50, 1983.
14 McCartney AC and Browne MK: Clinical studies on
administration of taurolin in severe sepsis: a preliminary study.
Prog Clin Biol Res 272: 361-71, 1988.
15 Calabresi P, Goulette FA and Darnowski JW: Taurolidine:
cytotoxic and mechanistic evaluation of a novel antineoplastic
agent. Cancer Res 61: 6816-21, 2001.
16 Stendel R, Stoltenburg-Didinger G and Brock M: The
aminosulphonic acid derivative taurolidine induces apoptotic
changes in brain tumor cells. In: 12th World Congress of
Neurosurgery, Sydney, Australia, 2001, pp. 128.
17 Stendel R, Stoltenburg-Didinger G, Lotte Al Keikh C, Wattrodt
M and Brock M: The effect of taurolidine on brain tumor cells.
Anticancer Res 22: 809-814, 2002.
18 Stendel R, Scheurer L, Stoltenburg-Didinger G, Brock M and
Moehler H: Enhancement of Fas-ligand mediated programmed
cell death by taurolidine. Anticancer Res 23: 2309-2316, 2003.

Stendel et al: Treatment of Glioblastoma

19 McCartney AC and Browne MK: Clinical studies on
administration of taurolidine in severe sepsis: a preliminary
study. Progr Clin Biol Res 272: 361-371, 1988, 1988.
20 Staubach KH: Adjuvant therapy of peritonitis with taurolidine.
Modulation of mediator liberation. Langenbecks Arch Chir 382:
S26-30, 1997.
21 MacDonald DR: Response criteria for phase II studies of
supratentorial malignant glioma. J Clin Oncol 8: 1277-1280, 1990.
22 Baker DM, Jones JA, Nguyen-Van-Tam JS, Lloyd JH, Morris
DL, Bourke JB, Steele RJ and Hardcastle JD: Taurolidine
peritoneal lavage as prophylaxis against infection after elective
colorectal surgery. Br J Surg 81: 1054-6, 1994.
23 Browne MK: The treatment of peritonitis by an antiseptic taurolin. Pharmatherapeutica 2: 517-22, 1981.
24 Linder MM, Ott W and Wesch G: Antibacterial therapy of
purulent peritonitis: a prospective randomized study on the
effects of antibiotics and taurolin, a new chemotherapeutic
and antiendotoxic agent. Chir Forum Exp Klin Forsch 25: 6771, 1980.
25 Popovic M, Dugalni D, Milicevic M, Petrovic M, Zuvela M,
Knezevic S and Jankovic Z: Use of taurolin in the prevention
of septic complications in emergency abdominal surgery. Acta
Chir Iugosl 38: 23-33, 1991.
26 Leithauser ML, Rob PM and Sack K: Pentoxifylline,
cyclosporine A and taurolidine inhibit endotoxin- stimulated
tumor necrosis factor-alpha production in rat mesangial cell
cultures. Exp Nephrol 5: 100-4, 1997.
27 Bedrosian I, Sofia RD, Wolff SM and Dinarello CA:
Taurolidine, an analogue of the amino acid taurine, suppresses
interleukin 1 and tumor necrosis factor synthesis in human
peripheral blood mononuclear cells. Cytokine 3: 568-75, 1991.
28 Monson JR, Ramsey PS and Donohue JH: Taurolidine inhibits
tumour necrosis factor (TNF) toxicity--new evidence of TNF
and endotoxin synergy. Eur J Surg Oncol 19: 226-31, 1993.
29 Watson RW, Redmond HP, Mc Carthy J and Bouchier-Hayes
D: Taurolidine, an antilipopolysaccharide agent, has
immunoregulatory properties that are mediated by the amino
acid taurine. J Leukoc Biol 58: 299-306, 1995.
30 Leaper DJ: Prevention of peritoneal adhesions after thermal
injury using noxythiolin and Taurolin. In: Bruckner WL and
Pfirrmann RW (eds.), Taurolin - a New Concept in
Antimicrobial Chemotherapy for Surgical Infection., pp. 115119. Baltimore: Urban & Schwarzenberg, 1985.
31 Blenkharn JI: The antibacterial and antiendotoxin activity of
taurolidine in combination with antibiotics. Surg Res Commun
2: 149-55, 1987.
32 Moser G and Martin MD: Forty cases of peritonitis treated
without antibiotics:the intraperitoneal and intravenous use of
Taurolin. Praxis 67: 425-428, 1978.
33 Browne MK, Mackenzie M and Doyle PJA: A controlled trial
of Taurolin in established bacterial peritonitis. Surg Gynecol
Obstet 146: 721-724, 1978.
34 Browne MK: Pharmacological and clinical studies on Taurolin.
In: Bruckner WL and Pfirrmann RW (eds.), Taurolin - a New
Concept in Antimicrobial Chemotherapy for Surgical Infection.,
pp. 115-119. Baltimore: Urban & Schwarzenberg, 1985
35 Gorman SP, McCafferty DF, Woolfson AD and Jones DS:
Reduced adherence of micro-organisms to human mucosal
epithelial cells following treatment with Taurolin, a novel
antimicrobial agent. J Appl Bacteriol 62: 315-20, 1987.

36 Gorman SP, McCafferty DF, Woolfson AD and Junes DS:
Electron microscope observations of bacterial cell surface effects
due to taurolidine treatment. Lett Appl Microbiol 4: 103-109, 1987.
37 Monson JRT, Ramsey P and Donohue JH: Taurolidine as an
anti-neoplastic agent: a previously undiscovered role? Br J Surg
77: 1432, 1990.
38 Monson JRT, Ramsey PS and Donohue JH: Preliminary
evidence that taurolidine is anti-neoplastic as well as antiendotoxin and anti-microbial. Br J Surg 77: A711, 1990.
39 Gorman SP, McCafferty DF, Woolfson AD and Jones DS: A
comparative study of the microbial antiadherence capacities of
three antimicrobial agents. J Clin Pharm Ther 12: 393-9, 1987.
40 Jacobi CA, Sabat R, Ordemann J, Wenger F, Volk HD and Muller
JM: Peritoneal instillation of taurolidine and heparin for preventing
intraperitoneal tumor growth and trocar metastases in laparoscopic
operations in the rat model. Langenbecks Arch Chir 382: S31-6, 1997.
41 Stendel R, Kubota H and Frei K: Taurolidin and taurultam
exert antineoplastic action via a mixed type of programmed cell
death. J Cancer Res Clin Oncol 130 (Suppl): 106, 2003.
42 Rosman C, Westerveld GJ, van Oeveren W, Kooi K and
Bleichrodt RP: Effect of intraperitoneal antimicrobials on the
concentration of bacteria, endotoxin, and tumor necrosis factor in
abdominal fluid and plasma in rats. Eur Surg Res 28: 351-60, 1996.
43 Wong ET, Hess KR, Gleason MJ, Jaeckle KA, Kyritsis AP,
Prados MD, Levin VA and Yung WK: Outcome and prognostic
factors in recurrent glioma patients enrolled onto phase II
clinical trials. J Clin Oncol 17: 2572-2578, 1999.
44 Yung WK, Prados MD, Yaya-Tur R, Rosenfeld SS, Brada M,
Friedman HS, Albright R, Olson J, Chang SM, O'Neill AM,
Friedman AH, Bruner J, Yue N, Dugan M, Zaknoen S and Levin
VA: Multicenter phase II trial of temozolomide in patients with
anaplastic astrocytoma or anaplastic oligoastrocytoma at first relapse.
Temodal Brain Tumor Group. J Clin Oncol 17: 2762-71, 1999.
45 Witham TF, Fukui MB, Meltzer CC, Burns R, Kondziolka D and
Bozik ME: Survival of patients with high grade glioma treated
with intrathecal thiotriethylenephosphoramide for ependymal or
leptomeningeal gliomatosis. Cancer 86: 1347-53, 1999.
46 Brandes AA, Ermani M, Basso U, Amista P, Berti F, Scienza
R, Rotilio A, Pinna G, Gardiman M and Monfardini S:
Temozolomide as a second-line systemic regimen in recurrent
high-grade glioma: a phase II study. Ann Oncol 12: 255-7, 2001.
47 Tatter SB: Recurrent malignant glioma in adults. Curr Treat
Options Oncol 3: 509-24, 2002.
48 Dietz R, Burger L, Merkel K and Schimrigk K: Malignant
gliomas - glioblastoma multiforme and astrocytoma III-IV with
extracranial metastases. Report of two cases. Acta Neurochir
(Wien) 57: 99-105, 1981.
49 Marras LC, Geerts WH and Perry JR: The risk of venous
thromboembolism is increased throughout the course of malignant
glioma: an evidence based review. Cancer 89: 640-648, 2000.
50 Ruff RL and Posner JB: Incidence and treatment of
peripheral venous thrombosis in patients with glioma. Ann
Neurol 13: 334, 1983.
51 Cheruku R, Tapazoglou E and Ensley J: The incidence and
significance of thromboembolic complications in patients with
high grade gliomas. Cancer 68: 2621-2655, 1991.

Received December 9, 2003
Revised January 30, 2004
Accepted February 24, 2004

1147

