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Abstract. Fotemustine (FTM) is a treatment option in recurrent
malignant gliomas (MGs) after first-line Stupp treatment. The
efficacy and the safety of fractionated FTM schedule proposed
by Addeo er al was analysed in the present study in recurrent
MGs patients. A retrospective analysis on 40 recurrent MGs
patients and second-line fractionated FTM chemotherapy was
performed. Response evaluation was assessed using RANO
criteria and safety was assessed using CTCAE v.4.03. Subgroup
analyses based on MGMT methylation, resurgery and reir-
radiation were performed. A review of the literature was also
performed. The results revealed 5 partial responses (13%) and
19 stable diseases (47%) with a disease-control rate of 60%.
Median progression-free survival (PFS) was 4 months, with a
PFS of 33% at 6 months and 13% at 1 year. The median overall
survival (OS) was 9 months and OS at 6 months was of 55% and
at 1 year of 30%. Methylated patients experienced longer mPFS
(6 vs. 3 months; p=0.004) and mOS (10 vs. 4 months; p<0.0001)
compared with unmethylated patients. Patients treated with reir-
radiation experienced longer mPFS (5 vs. 3.5 months; p=0.48)
and mOS (10 vs. 5 months; p=0.11). No survival benefit with
resurgery was observed. Furthermore, the fractioned schedule
was well tolerated, only 15% of patients developed severe myelo-
toxicities. Considering the present findings, fractionated FTM
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schedule is an efficient second-line option for MGs associated
with an acceptable myelotoxicity profile. Additionally, MGMT
methylation is associated with improved survival outcomes.
However, this study highlights the requirement for further
prospective randomized studies on resurgery and reirradiation.

Introduction

Malignant gliomas (MGs) are the most common primary
malignant brain tumours in adults (~60% of the total) (1).
According to WHO classification of brain tumours, MGs
include grade III gliomas (or anaplastic gliomas-AGs) and glio-
blastoma multiforme (GBM) (2,3), which is the most frequent
and aggressive MG, characterised by a high recurrence and
mortality rate. Standard first-line therapy of GBM includes
maximal-safe surgical resection followed by radiotherapy plus
concomitant and adjuvant temozolomide (TMZ), as defined in
the EORTC Phase III trial (4). Despite the optimal standard
treatment, recurrence rates are high (~90%) with median
survival ranges from 15-18 months for GBM (5) and from
2-5 years for AGs (6).

On the contrary, there are no standard therapies for recur-
rent MGs. Different options are under investigation, including
resurgery, reirradiation and chemotherapy, and their combina-
tions (7).

Fotemustine (FTM) is a third-generation nitrosourea, an
alkylating agent, which is a widely used and studied therapeutic
option for MGs recurring after TMZ treatment, especially in
Europe (8-11).

There are two types of FTM schedule. The standard
schedule includes an induction phase dose of 100 mg/mq
weekly for 3 consecutive weeks followed by a 5-week rest
period and a maintenance phase dose of 100 mg/mq every
3 weeks (12-15). Haematological toxicity is observed in >30%
of patients (9,16), mainly at the end of the induction phase,
with grade 3-4 thrombocytopenia and neutropenia occurring
in ~14% of patients (11).
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In 2011 Addeo et al proposed a fractionated FTM schedule
which includes an induction phase dose of 80 mg/mq every
2 weeks for 5 consecutive weeks followed by a 4-week rest
period and a maintenance phase dose of 80 mg/mq every
4 weeks (16). This treatment is associated with a lower rate
of myelotoxicities, with grade 3 thrombocytopenia and
leukopenia occurring in only 7 and 3% of patients respec-
tively (10,16).

Resurgery and reirradiation are two controversial thera-
peutic options due to the lack of prospective randomized trials
but multiple trials have studied their survival and clinical
benefit especially in combination with subsequent chemo-
therapy (7,17,18).

We retrospectively analysed recurrent MGs patients
receiving fractionated FTM schedule proposed by
Addeo et al (16) in order to evaluate the efficacy and safety
of this second-line option according to disease and treatment
subgroup analysis and compared to the literature.

Patients and methods

Study population. From the database of the Department of
Oncology Unit A of Policlinico Umberto I, Sapienza University
of Rome, we performed a retrospective analysis of consecutive
recurrent MGs patients treated with Addeo FTM schedule
after a first-line therapy with maximum safe resection and
adjuvant TMZ-based therapy. We excluded those patients with
evidence of cerebral haemorrhage on baseline MRI, treated
with FTM standard schedule or FTM combined with other
therapies or affected by clinically significant medical condi-
tions that would make the treatment unsafe.

For all patients, the initial diagnosis was established by
magnetic resonance imaging (MRI) and histologically using
WHO criteria.

O°®-methylguanine-DNA methyltransferase (MGMT)
promoter methylation and IDH mutation analyses were
performed (3) using a digital polymerase chain reaction (PCR)
method. The recurrence after first-line therapy was established
by MRI and histological examination when surgery was
performed.

Clinical data at recurrence included patients characteristics
(sex, age and Karnofsky performance status (KPS) at recur-
rence) tumour characteristics (laterality and lobe interested,
histotype at recurrence, MGMT methylation and IDH muta-
tion status at diagnosis) and treatment information (surgery
and radiotherapy at recurrence, line of treatment and median
cycles of FTM, first-line therapy, interval between completion
of RT/TMZ and recurrence, next lines of chemotherapy and
completion of induction phase).

Treatment plan. All patients included in the analysis under-
went second-line treatment with FTM alone, according to the
new Addeo schedule (16): induction phase dose of 80 mg/mq
every 2 weeks for 5 consecutive weeks followed by a 4-weeks
rest period and a maintenance phase dose of 80 mg/mq every
4 weeks.

Response and toxicity evaluation. All patients were followed
clinically by a multidisciplinary team and radiologically by
MRI scans. The evaluations were made after the induction

phase (5 cycles of chemotherapy) and then every 2 cycles
during the maintenance phase or whenever progression
disease was clinically suspected. Evaluation response was
assessed according to RANO criteria (19) as complete (CR)
and partial (PR) response, stable (SD) and progression (PD)
disease. Disease control (DC) was defined as the sum of CR,
PR and SD. Diagnosis of recurrence was determined by MRI
in all patients and by histological examination when a second
surgical resection was made.

All adverse events, as worsening of previous symptoms or
development of new symptoms during treatment, were graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE) of the National Cancer Institute, version
4.03 (20). Toxicity was evaluated at 2-weekly intervals or, if
clinically indicated, at weekly intervals.

Statistical analysis. Survival analysis was conducted on the
efficacy of FTM in recurrent MGs in terms of 6 and 12 months
progression-free survival (PFS) and overall survival (OS),
median PFS (mPFS) and OS (mOS) from FTM treatment.
Safety analysis evaluated the toxicity profile of FTM Addeo
schedule compared to the standard schedule.

PFS was measured from the start of FTM therapy to diag-
nosis of PD evidenced by MRI or to death from any cause or to
last follow-up assessment. OS was measured from the start of
treatment with FTM to death from any cause or last follow-up.

Median PFS and OS were estimated with their 95% confi-
dence interval. Survival curves of PFS and OS were generated
using the Kaplan-Meier method (21). Differences in PFS and OS
were evaluated using the log-rank test (Mantel-Cox) for statis-
tical significance, which was defined at the p<0.05 level (21).

Results

Patients' characteristics. Between August 2010 and
October 2017, 40 patients with recurrent MGs receiving FTM
schedule proposed by Addeo er al as second-line treatment
were included in the analysis. Patient, tumour and treatment
characteristics at recurrence are summarised in Table I.

Most patients were male (68%), the median age was 54 years
(range 25-75 years) and median KPS was 80 (range, 60-90).
All patients had a histological diagnosis of MGs: GBM was the
predominant histotype (85%), while grade III gliomas repre-
sented the 15% of the total. At first relapse all grade-111 grade
gliomas evolved in GBM (secondary GBM), whose diagnosis
was made radiologically in 5 patients and histologically after
resurgery in 1 patient.

The assessment of the MGMT promoter methylation
status was conducted in 36 patients (90%). MGMT promoter
was methylated in 20 patients (50%) and unmethylated in
16 patients (40%). The assessment of the IDH mutation status
was conducted in 25 patients (68%). IDH gene was mutated in
5 patients (13%) and non mutated in 22 patients (55%).

All patients underwent surgery at diagnosis and were treated
as first-line treatment with radiotherapy plus concomitant and
adjuvant TMZ as Stupp protocol (4). At first recurrence, 63%
of patients underwent resurgery and 42% of patients were
treated with radiotherapy.

All patients received FTM as second-line treatment
according to Addeo schedule. Most patients (83%) started
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Table I. Patient (n=40) and tumor characteristics at recurrence.

Characteristics n (%)
Sex

Male 27 (68)

Female 13 (32)
Median age, years (range) 54 (25-75)
Karnofsky performance status

Median (range) 80 (60-90)

90-100 7(17)

70-80 28 (70)

60 5(13)
Laterality

Right 22 (55)

Left 18 (45)
Histotype

Glioblastoma multiforme 34 (85)

Anaplastic glioma 6 (15)
MGMT promoter methylation status at diagnosis

Methylated 20 (50)

Unmethylated 16 (40)

Unknown 4 (10)
IDH mutation status at diagnosis

Mutated 11 (28)

Non mutated 16 (40)

Unknown 13 (32)
Surgery at recurrence

Yes 25 (63)

No 15 (37)
RT at recurrence

Yes 17 (42)

No 23 (58)
Interval between completion
of RT/TMZ and recurrence

<3 months 7(17)

>3 months 33 (83)
No. of lines of chemotherapy after FTM

None 24 (60)

One 11 (28)

Two 3(D

In progress with FTM 2(5)
Median cycles received, no. (range) 5 (2-50)
Induction phase completed

Yes 27 (68)

No 13 (32)

MGMT, O°-methylguanine-DNA-methyltransferase; IDH, isocitrate
dehydrogenase; RT, radiotherapy; TMZ, temozolomide, FTM, fote-
mustine.

FTM after 3 months from TMZ last administration, in order
to reduce the influence of pseudoprogression effect on the
occurrence evaluation.
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Table II. Results of FTM as second-line therapy in malignant
gliomas.

A, Objective responses, n (%)

GBM AG Total patients
Response
Complete responses 0 (0) 0 (0) 0 (0)
Partial response 39 2 (33) 5(13)
Stable disease 17 (50) 2(33) 19 (47)
Progressive disease 14 (41) 2(33) 16 (40)
Disease control 20 (59) 4 (67) 24 (60)
B, Survival data
Survival Values
6 months-PFS, % 33
12 months-PFS, % 13
Median PFS, months (range) 4 (2-49) (3.02-5)
(95% CI)
6 months-OS, % 55
12 months-OS, % 30
Median OS, months (range) 9 (2.5-50.5) (7.36-10.64)
(95% CI)
Complete responses, % 33

GBM, glioblastoma multiforme; AG, anaplastic glioma; PFS, pro-
gression-free survival; OS, overall survival; CI, confidence interval.

All patients received at least two doses of FTM. The
median number of cycles administered was 5 (range, 2-50)
with a completion of the induction phase in the 68% of patients.
The main reason for not beginning maintenance phase was
disease progression. Fourteen patients (35%) with progressive
disease after FTM underwent further lines of chemotherapy:
11 patients (28%) underwent a third line chemotherapy and
3 patients (7%) up to a fourth line.

Activity evaluation. All patients included in the study were
assessable for response analysis (Table II). Among the
40 patients, 5 patients achieved PR (13%) and 19 patients SD
(47%) with a DCR of 60%.

The mPFS was 4 months (95% CI 3.02-5) with a PFS-6 of
33% and a PFS at 1 year (PFS-1y) of 13% (Fig. 1A). The mOS
from the start of FTM was 9 months (95% CI 7.36-10.64) with
an OS at 6 months of 55% and an OS at 1 year of 30% (Fig. 1B).
Subgroup analyses were performed and are summarised in
Table III.

Patients who completed the induction phase (n=27) experi-
enced longer survival outcomes with a mPFS of 6 vs. 3 months
(p=0.02) and a mOS of 10 vs. 4 months (p=0.004). Patients
with a KPS >70% (70%) were associated with a higher OS
(10 vs. 8 months) and a similar PES (5 vs. 4 months) compared
to patients with a lower KPS.
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Table III. Subgroup analyses.

No. of patients mPFS 95% CI P-value mOS 95% CI p-value
KPS, %
>70 28 50 3.8-62 0.72 10 5.3-14.7 0.22
<70 12 40 0-10.8 8 3.8-12.2
MGMT methylation
Yes 20 6.0 3.0-89 0.004 10 6.5-13.5 <0.0001
No 16 3.0 25-35 4 22-58
IDH mutation
Yes 11 40 24-5.6 0.94 10 6.4-13.6 091
No 16 30 1.3-4.7 10 44-15.6
Induction phase completed
Yes 27 6.0 4.1-79 0.02 10 8.8-11.2 0.004
No 13 30 1.7-43 4 2.2-58
RT ar recurrence
Yes 17 50 29-7.1 0.48 10 3.7-63 0.11
No 23 35 2.5-45 5 0.11
Surgery at recurrence
Yes 25 6.0 0.1-11.9 0.18 9 56 124 0.95
No 15 50 3.9-6.1 9 2-16

CI, confidence interval; mPFS, median progression-free survival; mOS, median overall survival; KPS, Karnofsky performance status; MGMT,
O%methylguanine-DNA methyltransferase; IDH, isocitrate dehydrogenase; RT, radiotherapy.

Table IV. Toxicities by grade of severity, according to the CTCAE (version 4.03).

Chemotherapy-related toxicity Grade 1,n (%) Grade 2, n (%) Grade 3,n (%) Grade 4, n (%)
Haematological

Thrombocytopenia 14 (38) 5(14) 1(3) 1(3)

Leukopenia 11 (30) 6 (16) 1(3) 1(3)

Neutropenia 5(14) 4 (11) 1(3) -

Lymphopenia 3(8) 4(11) 3(8) 1(3)

Anemia 14 (38) 3(8) - -
Hypertransaminasemia

ALT 9(24) 1(3) - -

AST 1(3) - - -

vGT 4.(11) 2(5) - -
Renal

Creatinine increase 7(19) - 1(3) -
Gastrointestinal

Nausea 5(14) 2(5) - -

Diarrhea - 1(3) 1(3) -

Mucositis 1(3) - 1(3) -
General

Astenia 6 (16) 6 (16) 1(3) -

Anorexia - 2(5) 6 (16) -

ALT, alanine aminotransferase; AST, aspartate aminotransferase; yGT, y-glutamyl transferase.

Activity according to MGMT methylation. Methylated patients  and mOS (10 vs. 4 months) compared to unmethylated patients
(n=20) experienced longer mPFS (6 vs. 3 months) (Fig. 2A)  (n=16) with statistical significance (p=0.004 and p<0.0001
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Figure 1. Kaplan-Meier survival curves of (A) PFS and (B) OS from the start of FTM treatment of the patients analysed in the study. PFS, progression-free

survival; OS, overall survival; FTM, fotemustine.
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Figure 2. Kaplan-Meier survival curves of (A) PFS and (B) OS from the start of FTM treatment according to MGMT methylation. PFS, progression-free

survival; OS, overall survival; FTM, fotemustine.

respectively) (Fig. 2B). Subgroup analyses according to IDH
mutation were not performed due to the low number of patients.

Activity according to resurgery and reirradiation. Patients
treated with radiotherapy at recurrence (n=17) before FTM
therapy experienced longer mPFS (5 vs. 3.5 months) and
longer mOS (10 vs. 5 months) without statistical significance
(p=0.48 and p=0.11 respectively).

Patients who underwent surgery at recurrent (n=25) before
FTM therapy had similar mPFS (6 vs. 5 months) and mOS
(both 9 months) compared to patients who did not undergo
resurgery.

Toxicity evaluation. All 43 patients were evaluated for safety
(Table IV). Grade 3-4 haematological toxicities were developed
in 15% of patients. Grade 3-4 thrombocytopenia and leukopenia
occurred respectively in 6% of patients each. Grade 3 neutro-
penia was observed in 3% of patients. None of the patients

developed grade 3-4 anaemia. No grade 3-4 non-haematological
toxicities were recorded. The haematological toxicity incidence
has a peak in correspondence of the induction completion, while
during maintenance phase a higher incidence of hepatic, renal
and general toxicity was observed. FTM was generally well
tolerated and treatment interruption or death related to chemo-
therapy toxicity were not documented.

Discussion

Radiotherapy plus concomitant and adjuvant TMZ has
become the standard treatment for newly diagnosed MGs with
an improvement in OS and PFS compared to radiotherapy
alone (4). However, recurrence probability is high (~90%) and
there is no consensus on second-line therapy, with treatment
recommendations based on non-controlled phase II trials.
Nitrosoureas are the most widely studied therapeutic option,
particularly FTM, a third generation nitrosourea. The use and
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efficacy of FTM as second-line treatment in recurrent MGs are
known especially in the conventional schedule proposed by
Frenay et al (tree weekly FTM cycles at 100 mg/mq followed
by a 5-week rest and a maintenance phase with 100 mg/mq of
FTM every three weeks) (12).

Several Italian phase II trials (6,13-15,22) have investi-
gated the use of FTM conventional schedule in MGs patients
recurring after Stupp standard treatment with a wide range of
survival data (Table V).

Scoccianti et al (13) and Fabrini er al (14) reported similar
survival results in terms of PFS-6 rates (~50%), mPFS (nearly
6 months), mOS (nearly 8.6 months), DCR (~55%) and grade
3-4 haematological toxicities (~14%) in 27 GBM and 50 MGs
patients respectively.

Brandes et al (15) reported a mPFS and OS of
1.7 and 6 months respectively with a 6-PFS of 20,9% and a
DRC of 42,5%. Haematological toxicity was high with grade
3-4 adverse events in nearly 50% of patients. This was the first
study that showed a higher DCR in methylated MGMT patients
(75%) than in unmethylated MGMT patients (34,6%) without
statistical difference in terms of PFS-6 and OS between the
two groups. Moreover, Brandes et al reported a significantly
higher PFS-6 in patients who started FTM =3 months after
TMZ completion than in those who started FTM within
3 months.

FTM standard regimen showed to be efficacy in recurrent
MGs but was limited by considerable myelotoxicity, especially
thrombocytopenia and leukopenia, with grade 3-4 adverse
events in nearly 40% of patients. For this reason, subsequent
phase II trials studied alternative FTM schedules in order to
improve the safety profile of FTM second-line therapy.

In 2009 Fabi et al (22) analysed the activity of different
doses of FTM, ranging from 65 to 100 mg/mq, as second- or
third-line therapy in 40 MGs patients. The survival data were
comparable to those of the conventional schedule, but with
grade 3-4 haematological toxicities (40% of patients) occurred
only in the group with the highest FTM dosage. Fabi et al.
confirmed that methylated MGMT patients went better than
unmethylated MGMT patients in terms of PFS, OS and DCR,
although this did not reach statistical significance.

In another prospective study (6), the same authors
confirmed that lower doses of FTM (60 mg/mq for the induc-
tion phase and 75 mg/mq for the maintenance phase) had the
same activity of the full dose regimen but with a significantly
lower rate of severe myelotoxicity (27.5%).

To explain the wide range of PFS-6 reported by these
phase II trials (Table V), in 2012 Paccapelo et al (23) investi-
gated different response pattern to FTM in correlation to the
end of radiotherapy or predictive risk factors. They confirm
that a longer time to progression after radiotherapy and surgery
at recurrence are associated with a higher PFS-6 and DCR.

In 2011 Addeo et al (16) planned a new FTM schedule that
maintains the global dosage but with different fractionation.
Forty recurrent GBM patients received 80 mg/mq every 2
weeks for five consecutive administrations (induction phase)
and then every 4 weeks at 80 mg/mq as maintenance, after a
4-week rest period. Efficacy data were similar to those of the
conventional FTM schedule (mPFS of 6.7 months, PFS-6 of
61% and mOS of 11.1 months), but with a better DCR (65%)
and a lower rate of grade 3-4 myelotoxicity in the induction and

MOLECULAR AND CLINICAL ONCOLOGY 10: 58-66, 2019

maintenance phase (12,50% and 17,70% respectively). They
found also a trend toward prolonged PFS-6, without statistical
relevance, and a higher DCR in methylated MGMT patients.

Only one prospective trial, performed by Gaviani et al (24),
studied the Addeo FTM schedule at first or second recur-
rence. Survival data were quite comparable to other studies
on standard FTM schedule (mPFS of 16 weeks with a 6-PFS
of 38.2 % and mOS of 30 weeks). The myelotoxicity profile
was similar to that one of Addeo er al with a low rate of grade
3-4 thrombocytopenia and leukopenia (0.3 % each), but with a
higher rate of grade 3-4 lymphopenia (18.5 %).

In the present retrospective study, we analysed the efficacy
and safety profile of fractionated FTM schedule proposed
by Addeo et al as second-line therapy in 40 recurrent MGs
patients. Survival analysis showed DCR of 60%, mPFS of
4 months with PFS-6 of 33% and mOS of 9 months with OS-6
of 55%. These results are comparable to those reported by all
the other trials on FTM, as reported in Table V. As concern
Scoccianti, Fabrini and Addeo results, the favourable survival
data, especially PFS, could be, in part, due to the inclusion
in the study of patients with pseudoprogression rather than
disease recurrence, with an overestimate of the results (6,9,16).
Pseudoprogression, a treatment-related reaction which mimics
tumour progression, occurs mainly within 3 months after
concurrent radio-chemotherapy with TMZ and correlates with
favourable prognosis and higher response rate to FTM (25,26).

Differently from Brandes et al (15), Fabi et al (6,22) and
Addeo et al (16) we observed a statistical significance in terms
of survival outcomes between methylated and unmethylated
MGMT patients. The MGMT methylation status is prognostic
at the time of diagnosis (27) but also in recurrent GBM as
reported by the DIRECTOR and the BELOB trials (28,29).
The AVAREG trial (30) demonstrated also that MGMT
methylation status was predictive of efficacy of FTM in the
recurrence setting.

Subgroup analysis according to resurgery and reirradiation
before FTM second-line treatment were performed since the
evaluation of different treatment options and of their combina-
tions is of high interest (31,32) in order to improve local control
of the disease and survival outcomes. Unfortunately, we didn't
observe a survival benefit with resurgery probably due to the low
number of patients, while data on reirradiation were more prom-
ising. Recent literature reviews and several retrospective studies
showed a survival benefit with resurgery and reirradiation at the
time of recurrence, with higher survival in selected patients with
favourable clinical and radiological characteristics (17,18).

Our results on grade 3-4 myelotoxicity (15%) are compa-
rable to those reported by Addeo et al and Gaviani et al (16,24).
Lower toxicity permits to preserve quality of life (QoL), which
is an essential aim for MGs patients who can only be palli-
ated (16). In fact, it is important to notice the high percentage
of patients still fit for third (28%) and fourth (7%) line therapy
after FTM failure (Table I).

Even if this is a retrospective analysis with a limited
number of patients, a heterogeneous population (including
primary and secondary GBM), our survival data are compa-
rable to those presented by Addeo et al (16) and other phase 11
trials on standard schedule, with results which confirms that
the fractionated FTM schedule has a better safety profile than
standard regimen (Table V).
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From our experience, despite it remains unclear if the
alternative schedule proposed by Addeo et al could be more
effective than the standard one, we registered a low toxicity
profile.

Considering these data, this fractionated FTM schedule
can be an efficient second-line therapy in the treatment of
such poor prognosis disease as it is MG, associated with less
myelotoxicity compared to the literature.

Future phase III randomised trial with a larger number of
patients and an adequate assessment of MGMT status at diag-
nosis and recurrence are needed to define the role of MGMT
status in second-line therapy in MGs patients.
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