
Abstract. Background: Data on routine systemic treatment
of patients with ovarian cancer are currently available only
to a limited degree. The alkylating agent treosulfan is
approved in oral (p.o.) and intravenous (i.v.) form for the
treatment of ovarian carcinoma. The present non-
interventional study analyzed the clinical use of treosulfan in
Germany, evaluating the mode of application, toxicity, and
response and survival rate. Patients and Methods: Two
hundred and forty-eight ovarian cancer patients in 57
Centers, who received treosulfan mainly either i.v. (5,000-
8,000 mg/m2 d1, q21d or q28d) or p.o. (400-600 mg/m2 d1-
14 or 21, q28d) for at least one therapy cycle were evaluable
and were included in the study. Results: With a median age
of 70 years (range=36-92 years), predominantly elderly
patients received treosulfan treatment. Most participants
presented serous histology (131, 52.8%) and advanced-stage
FIGO III (122, 49%) or IV (55, 22%) disease. Median ECOG

status was 1 (range=0-2), whereas cardiac co-morbidity was
common (31%). Treosulfan was usually administered as
second- (26%), third- (21%) or fourth-line (17%) therapy.
Two hundred and one patients received i.v. and 47 p.o.
treatment. The most common reason for dose modifications
was due to hematological toxicity (46%). The main reason for
a therapy discontinuation was progressive disease (38.5%).
Response was observed in 25.8% of participants, disease
stabilization in 28.6 % and progress in 45.6%. The median
progression-free and overall survival was 196 and 405 days,
respectively. Conclusion: In predominantly elderly and
heavily pre-treated patients with recurrent ovarian cancer,
treosulfan featured a clinical relevant efficacy and well-
manageable, mostly hematological, toxicity, which resulted in
a positive therapeutic index.

Over 150,000 women worldwide die annually due to ovarian
cancer . Ovarian cancer is the leading cause of death among
all gynecologic malignancies (1). The majority of patients
(70%) are diagnosed at an advanced FIGO stage (III/IV) (2).
A 5-year survival rate applies to 15-25% of patients in this
group. Despite improved surgical techniques and increasing
evidence regarding effectiveness of adjuvant first-line
chemotherapy, 65% of patients suffer from tumor progression
or recurrence (2). Data regarding routine systemic treatment
of patients with recurrent ovarian cancer are still limited.
Since numerous studies focus on the treatment of platinum-
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sensitive disease and the corresponding evidence influences
the current clinical practice, the therapeutic options for the
resistant recurrent situation remain a significant clinical
challenge. One of the most controversial topics is how to
manage elderly patients and to optimize and implement novel
treatment strategies for this patient population (3, 4).

The alkylating agent treosulfan is approved in oral (p.o.)
and intravenous (i.v.) form for the treatment of ovarian
carcinoma (5, 6). Moreover, it is known for its favorable
hematological and non-hematological toxicity (7, 8).
Treosulfan therapy is known to have a good tolerability in
elderly patients (9). Even combination with gemcitabine
showed a relevant response in a heavily pre-treated group of
patients with platinum-resistant epithelial ovarian cancer,
combined with a favorable side-effect profile (8, 10). 

In the present non-interventional study, we analyzed the
use of treosulfan in designated cancer Centers and outpatient
facilities in Germany and evaluated the mode of application,
toxicity, and response and survival rates. Additionally, we
evaluated the impact of age on all clinical-relevant treatment
characteristics.

Patients and Methods

This non-interventional study (NIS) was conducted at 57 German
Institutions (11 Hospitals and 46 Outpatient Facilities). The primary
aim of the study was to explore the best response, PFS, OS, and
toxicity of p.o. or i.v. treosulfan (Ovastat®) use in patients with
mainly recurrent ovarian cancer. 

Patients who received at least one therapy cycle of treosulfan
were included in the study. However, a maximum number of 10
cycles of treosulfan per patient was included in the final evaluation.
A sub-group analysis, according to the age of patients (≥70 years)
was performed. Furthermore, we divided the enrolled patients into
two groups. Those were, after a response to first line platinum-based
therapy, the platinum-sensitive and platinum-resistant. The purpose
was to evaluate the best response, PFS and OS. Discontinuation of
treosulfan treatment was performed in patients with progressive
disease, new diagnosis of second malignancy or severe toxicity
related to treatment. 

Treosulfan was applied either i.v. (5,000-8,000 mg/m2 d1, q21 or
28d) or p.o. (400-600 mg/m2 d1-28, q56d or 400-600 mg/m2 d1-14
or 21, q28d) for ≥1 cycle in documented patients. No general pre-
medication was defined, and participating Centers could apply their
specific standards. Any forms of supportive therapy including
granulocyte-colony-stimulating factor (G-CSF) were allowed. The
concomitant use of food, especially milk, was recommended for all
women receiving treosulfan as oral application. 

Blood samples for hematology (hemoglobin, leukocytes, and
platelets) and blood chemistry (creatinine, alkaline phosphatase,
SGOT, SGPT, gamma-GT, LDH, total bilirubin, albumin, and total
serum protein), as well as CA-125 were documented prior to each
cycle, if collected. Toxicity was graded according to the classification
of the National Cancer Institute ‘‘Common Terminology Criteria for
Adverse Events’’ (CTCAE) version 2.0, at the end of every cycle.
Safety was assessed by analysis of toxicity parameters (occurrence of
adverse events, serious adverse events, and death). 

The study was performed according to ICH-GCP (International
Conference on Harmonization - Good Clinical Practice) guidelines.
An independent monitoring Institute was responsible for data
control (Alcedis GmbH, Giessen, Germany). The statistical methods
were mainly descriptive. 

Comparison of two or more groups of discrete variables was
performed by the Fisher’s exact test or the χ2 test, and continuous
variables were tested by the appropriate methods (Wilcoxon test).
The Kaplan-Meier method including a log-rank test was used to
show PFS and OS. 

Results

This NIS enrolled 248 patients with advanced or recurrent
ovarian cancer who received at least one cycle of treosulfan. 

The median age at the time of diagnosis was 70 years,
whereas 47% of the patients were ≥70 years (median=76,
range=36-69) and 45% younger than 70 years (median=62
years, range=70-92) of age. For 8% of patients age data are
missing (Table I). The majority of all enrolled patients
showed a good performance status with a median ECOG 1
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Table I. Patients’ characteristics and distribution of clinical parameters
according to age, n=248.

Parameter per  <70 years ≥70 years Age not All
age group (n=112) (n=117) documented (n=248)

(n=19)

Age, median (range) 62 (36-69) 76 (70-92) - 70 (36-92)
ECOG Status

0 12 (11%) 10 (9%) 6 (32%) 28 (11%)
1 76 (68%) 68 (58%) 9 (47%) 153 (62%)
2 21 (19%) 30 (26%) 3 (16%) 54 (22%)
3 1 (1%) 2 (2%) 1 (5%) 4 (2%)

Not documented 2 (2%) 7 (27%) - 9 (4%)
FIGO-Stage

I 4 (4%) 10 (9%) 1 (5%) 15 (6%)
II 8 (7%) 9 (8%) 1 (5%) 18 (7%)
III 59 (53%) 50 (43%) 13 (69%) 122 (49%)
IV 20 (18%) 32 (27%) 3 (16%) 55 (22%)

Not documented 21 (19%) 16 (14%) 1 (5%) 38 (15%)
Histology

Serous 58 (52%) 63 (48%) 10 (53%) 131 (53%)
Other 45 (40%) 45 (39%) 8 (42%) 98 (39%)
Not documented 9 (8%) 9 (8%) 1 (5%) 19 (8%)

Therapy situation
First-line 8 (7%) 38 (33%) 4 (21%) 50 (20%)
Second-line 26 (23%) 33 (28%) 6 (32%) 65 (26%)
Third-line 31 (28%) 19 (16%) 2 (11%) 52 (21%)
Fourth-line 19 (17%) 18 (15%) 4 (21%) 41 (16%)
Fifth-line 13 (12%) 5 (4%) 3 (16%) 21 (9%)
>Fifth-line 15 (13%) 4 (3%) - 19 (8%)

Number of previous 
systemic therapies 

Median (range) 2  (0-5) 1 (0-5) 1 (0-5) 2 (0-5)



(range=0-2). Most of the tumors were diagnosed at advanced
disease stage FIGO III (49%) or IV (22%), presenting
predominantly serious histology (53%). With respect to age,
we identified no significant differences in the distribution of
the main clinicopathological characteristics at study entry. 

The decision for a treatment with treosulfan depended
strongly on former guidelines, patient’s age and disease
situation. At the time of trial initiation (2001), treosulfan was

approved for the treatment of advanced ovarian cancer, and
the current therapy standard of carboplatin and taxane was
not yet recommended for the first-line application. Therefore
in elderly patients, treosulfan was administered also as first-
line therapy (33%), but predominantly as a treatment for
recurrent disease mostly in the second (28%), third (16%) or
fourth line (15%), and rarely in highly palliative ≥5 line
situation (8%). Younger patients received treosulfan
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Table II. Current disease situation and number of administered treosulfan cycles. 

Parameters of treosulfan <70 years ≥70 years Age n.d.* All
therapy per age group (n=112) (n=117) (n=19) (n=248)

Type of application / Dose (n, %)
Intravenous (i.v.) ≤7g/m2, q28d 86 (77%) 86 (73%) 11 (58%) 183 (74%)
Intravenous (i.v.) >7g/m2, q28d 8 (7%) 10 (9%) - 18 (7%)
Oral, day 1-14/21, q21/28days 9 (8%) 8 (7%) 3 (16%) 20 (8%)
Oral, day 1-28, q56 days 9 (8%) 13 (11%) 5 (26%) 27 (11%)
Number of administered treosulfan cycles (median)
Intravenous (i.v.) ≤7g/m2 5 5 5 5
Intravenous (i.v.) >7g/m2 5 5 - 5
Oral, day 1-14/21, q21/28days 4 6 6 6
Oral, day 1-28, q56 days 4 5 2 4
Number of cycles applied regularly (%)##

Intravenous (i.v.) ≤7g/m2

Yes 66 67.0 62 66
No 33 30 33 32
N.d.* 1 3 5 2

Intravenous (i.v.) >7g/m2

Yes 71 55 - 62
No 26 43 36
N.d.* 3 2 2

Oral, d 1-14/21, q21/28d   
Yes 57 84 14 60
No 41 16 86 39
N.d.* 2 - - 1

Oral, d 1-28, q56 d 
Yes 37 47 23 40
No 63 53 62 58
N.d.* - - 15 2

Main reasons for treatment alterations (%)
Intravenous (i.v.) ≤7g/m2

Discontinue 2 3 7 3
Modulation 3 4 - 3
Delay       31 27 31 30

Intravenous (i.v.) >7g/m2

Discontinue 3 2 - 2
Modulation 3 4 4
Delay 23 43 35

Oral, d 1-14/21, q21/28d  
Discontinue 7 2 5 4
Modulation 3 4 - 5
Delay 34 12 86 77

Oral, d 1-28, q56d        
Discontinue 4 7 23 7
Modulation 4 11 - 7
Delay 59 56 54 55

##Data for 28 cycles were not documented. *N.d.: Not documented.



predominantly in the second (23%), third (28%) or fourth
(17%) recurrent line. Highly palliative treatment with
treosulfan in the fifth and above lines was administered in
only 25% of the younger population (Table I). 

Following former treatment guidelines, most patients for
whom treosulfan was recommended in the first line were
older than 70 years (76%) and therapy was initiated before
2006. At the same time, elderly patients (>70 years) received
treosulfan most often as palliative treatment: 60% in third-
line, 46% in fourth-line, 62% in fifth-line and 79% in ≥5th-
line of treatment. 

By analyzing previous treatments, we identified that nine out
of ten patients had undergone primary surgical tumor debulking.
Out of patients who were not debulked, but recommended for
primary systemic treatment, 69% were ≥70 years old. Platinum-
based combinations were part of the adjuvant pre-treatment in
89% of the younger, but only 67% of the elderly participants,
for whom the rate of therapy interruptions was higher (41% of
elderly vs. 21% of younger patients). Management of recurrent
disease consisted of established use of taxanes, topotecan,
gemcitabine, anthracyclines (particularly formulated as PLD),
where combinations of these agents with carboplatin were
mostly part of the second-line treatment in the platinum-
sensitive groups and monotherapy was predominantly
recommended for the palliative, platinum-resistant disease.
Younger patients received in median 2 previous systemic
treatments, whereas the elderly woman had higher chance to
receive only 1 treatment. The two age-cohorts did not differ in
their main pretreatment characteristics.

Treosulfan was administered in both age groups as i.v.
therapy, with 201 patients (81%) receiving the recommended

dose of 7,000 mg/m2, and a small group (n=18) for whom
the administered dose was 7,000-8,000 mg/m2 (Table II). An
oral therapy was administered in 47 patients (19%) with
large variation in the treatment mode. In addition to the
classic 28-day oral treosulfan schedule, followed by a 4-
week treatment-free interval (day 1-28/q56d), alternating
schedules administered treosulfan either as a two-weekly
(day 1-14/q21d) or three-weekly (day 1-21/q28d) regimen,
followed by a therapy-free interval of 7 days. 

Overall 959 cycles of treosulfan <7,000 mg/m2 and 84
cycles >7,000 mg/m2 were administered intravenously. The
oral treatment included 239 cycles. There was no statistical
difference in the median number of administered treosulfan
cycles according to age, although the median of oral therapy
was lower than for the i.v. cohorts. The regular treatment was
administered as scheduled in 61.0% of all therapy cycles
(range=40.3%-66.0%), where 37.4% of cycles (range=31.6%-
58.1%) were subject to change of the planned therapy mode
(1.6% no data; Table III). Negative influence on completion
of treatment was observed for the prolonged 28-day p.o.
therapy and also for the high-dose i.v. application (>7g/m2),
especially in elderly participants. The highest rate of
successfully completed treosulfan treatment (83.7%) was
observed for the short two- and three-weekly oral schedules
and in the elderly cohort. The most common reasons for
treatment alterations were extension of therapy interval due
to toxicity (82.2%), dose modification (9.5%) or therapy
discontinuation (8.3%). The main reason for dose
modifications (45.8%) in both age cohorts and both drug
applications was cumulative hematological toxicity.
Prolongation of therapy interval was mostly associated with

ANTICANCER RESEARCH 35: 6869-6876 (2015)

6872

Table III. Type of adverse events (AEs) with respect to therapy regimen and age.

i.v. ≤7g/m2 d1 i.v. >7 mg/m2d1 p.o. d1-14/21 p.o. d1-28
q21d or q28d q21 or g28d q28d q56d 

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Age Adverse events (%)
<70 years Anemia 44.2 4.7 75 12.5 22.2 - 22.2 -

Leukopenia 30.2 1.2 62.5 - 33.3 - 33.3 -
Neutropenia 12.8 3.5 25 - 11.1 - 11.1 -
Thrombocytopenia 30.2 2.3 50 - 11.1 - 11.1 -
Emesis 10.5 - 25 12.5 - - 11.1 -
Constipation 12.8 3.5 25 - - - 11.1 -
Vomiting 34.9 - 75 - 11.1 - 22.2 -

≥70 years Anemia 53.5 2.3 70 10 62.5 - 76.9 -
Leukopenia 31.4 5.8 50 20 25 - 53.8 7.7
Neutropenia 15.1 3.5 30 - 12.5 - 30.8 -
Thrombocytopenia 25.6 5.8 30 20 25 - 15.4 7.7
Emesis 23.3 2.3 10 10 25 - 23.1 -
Constipation 24.4 - 20 10 50 - 15.4 -
Vomiting 33.7 2.3 60 10 75 - 30.8 -



patient’s preference or organisational reasons (59.5%),
followed by hematological events (15.2%). Non-
hematological toxicity was identified as causing 6.3% of all
dose modifications and 3.9% of treatment delays. Analyzing
these factors, we observed oral administration of treosulfan
to be associated with increased need of therapy modification
or discontinuation, but this effect was not associated with age.  

In total, 2,351 adverse events of NCI-CTCAE v2.0 grade
1-4 were evaluated in the present trial. AEs were
predominantly of grade 1 (69.0%), grade 2 (24.6%), grade 3
(5.7%) and grade 4 (0.7%). Forty-three percent of the AEs
were registered in the <70 years age cohort, while elderly
participants developed 47.6% of AEs, and 8.8% of AEs were
in the group without documented age. Hematological side-
effects occurred most commonly, predominantly in a
moderate form at any age (Table III). We observed that a
high i.v. dose >7,000 mg/m2 and dose-intensive oral therapy
such as a 28-day application rhythm increased the risk of
hematological AEs. Interestingly, oral treosulfan was very
well tolerated in patients <70 years, but its toxicity doubled
in the elderly population. Most common non-hematological
events were vomiting, constipation and emesis, where
toxicity effects were stronger and of prolonged duration in
elderly participants. However, a general trend of increased
toxicity was associated with the elderly population and with
patients who received their oral therapy as a 28-day
application. About half of patients discontinued therapy due
to progressive disease. Elderly participants preferred most
commonly to discontinue treatment and presented slightly
more cumulative toxicity than the younger population. 

Evaluation of treatment response identified an overall
response rate of 25.8%, stable disease of 28.6% and
progressive disease in 45.6% of all individuals (Table IV). For
31 participants, response data were not documented. Median

progression-free survival of participants older 70 years was
significantly higher than of the younger patients (median=219
days resp161 days, p=0.0429). This finding probably resulted
due to the large number of participants who received
treosulfan as adjuvant treatment, but was not reproducible for
overall survival (Figure 1). The median progression-free
survival was 196 days (95%CI=112-333 days) and median
overall survival 405 (95%CI 261-not reached) days. In the
sub-group analysis there were no relevant age-dependent
differences in efficacy and survival rate. 

Discussion 

The management of advanced metastatic and recurrent
ovarian cancer remains a clinical challenge. Tumor control
and quality of life based on low toxicity are key landmarks
of all treatment strategies. Treatment of the elderly in
particular represents a significant challenge for gynecological
oncologists (3, 4). The alkylating agent treosulfan
characterized with low toxicity is still known, with its wide
use, as an effective therapy option in recurrent ovarian cancer
since the late 1990s (11, 12). Most available data
demonstrated relevant clinical efficacy of the drug, especially
in elderly and heavily pre-treated ovarian cancer patients (9,
10). Treosulfan has been approved for palliative therapy
alone or in combination for advanced stage disease after
failure of platinum-containing regimens (13). Even in the era
of emerging implementation of new targeted agents,
prospective reports of the clinical use and treatment
management of treosulfan are still limited. 

The results of this non-interventional study demonstrate
good anti-tumor activity and a moderate toxicity of p.o. or i.v.
treosulfan in patients with ovarian cancer. Treatment options
with treosulfan are well-known in large oncological Centers (9,
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Figure 1. Progression-free survival.

Table IV. Response rates according to application form and age cohort.

Response to treosulfan regimen i.v. Oral All patients

Age Best response (%)

<70 years CR 8.5 5.6 8
PR 13.8 16.7 14.3
SD 20.2 27.8 20.5
PD 42.6 38.9 42
Not documented 14.9 11.1 14.3

≥70 years CR 9.4 9.5 9.4
PR 17.7 14.3 17.1
SD 21.9 38.9 23.9
PD 36.5 38.1 36.8
Not documented 10.6 4.8 9.4



13), and still have strong impact in the clinical management of
recurrent ovarian cancer in the outpatient sector in Germany.
Compared to previous data we identified partly higher efficacy
for treosulfan in our cohort of 248 patients. Thus, we confirmed
treosulfan as a useful agent for palliative management with
favorable clinical impact independent of age, but of particular
importance for the elderly ovarian cancer population. Meier et
al. reported a phase III trial on the single-agent activity of
topotecan and treosulfan in 274 patients either with platinum-
resistant or platinum-refractory disease. The authors showed a
favorable hematological toxicity profile for treosulfan, whereas
non-hematological toxicity was similar for both regimens (13).
Meier et al. favored topotecan due to its overall response
(27.5%) and improved efficacy with regard to overall (55 vs.
41 weeks) and progression-free (23 vs. 13 weeks) survival.
Herein we report a comparable overall response rate to
previous published data of topotecan, whereas overall and
disease-free survival showed improved results. This could
probably be due to the propulsive effect of the sub-group of
patients in the adjuvant setting. In this context it must be noted
again that the recommendation for carboplatin/paclitaxel was
not implemented as first-line standard treatment at the
beginning of our study in 2003.

Mahner et al. reported preliminary results of a prospective
trial of treosulfan in heavily pre-treated elderly patients. Most
of participants were included with concomitant cardiovascular
diseases or orthopedic problems. In median, 5 concomitant
diseases were reported, and the median of concomitant
medications was four at the time of enrollment. During the
study most observed treatment hematological and non-
hematological toxicities were of grade 1 or 2, therefore the
therapy with treosulfan was reported as generally well-tolerated
in this elderly population. In our study the majority of
participants were in the third- and higher-treatment line, with
median of two previous systemic therapies. In both age groups
we observed similar tolerable hematological toxicity profiles
for treosulfan. The slightly higher incidence of AEs correlates
to age >70 years, higher i.v. dose than the recommended 7,000
mg/m2 and continuous 28-day oral application, but none of this
seemed to influence negative clinical outcome. In our opinion
patients recommended for modified or more prolonged drug
administration schedules should be selected more carefully and
observed intensively. Our results underline treosulfan as a safe
and feasible treatment option for any age group with both the
i.v. and the oral formulation.

Reed et al. compared treosulfan and carboplatin as
monotherapy in older and/or frail patients with advanced
ovarian cancer (11). We observed comparable hematological
toxicities in our collective, although Reed’s cohort included
patients without prior chemotherapy (11). Reed reported
nearly twice as high a frequency of leucopenia in the
carboplatin arm, where leucopenia and neutropenia were the
most reported toxicities in our evaluation. 

Regarding management of palliative strategies in
recurrent ovarian cancer the impact of treosulfan is still not
definitely determined. As the role of quality of life and
patient reported outcomes in long-term survivals has
recently become more important, we currently have only
limited experience of the practical aspects of the use of
systemic agents in clinical routine (8, 14). In this context,
our data provide a realistic view of the clinical
implementation of treosulfan as a feasible therapy
alternative with a moderate toxicity profile in the palliative
management of ovarian cancer. In particular, elderly and
most heavily pre-treated individuals could benefit regarding
efficacy and toxicity aspects with favoured therapeutic
index, but precise patient selection is necessary.
Additionally, we identified that age is not a negative factor
with respect to impact on therapy procedures, and has no
significant negative influence on outcome in ovarian cancer.
The support and optimization of systemic treatment could
improve outcomes even in this poor-prognosis population of
patients with relapsed ovarian cancer.
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