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Abstract

Background The majority of patients with glioblastoma (GBM) experience disease progression. At recurrence, treatment
options have limited efficacy. Many studies report a limited and short duration response rate. Although clinical trials represent
the “gold standard” for providing evidence on efficacy of specific treatment strategies, real-world data can be considered
more representative of the “real” GBM population.

Objective To describe the management of GBM recurrence in a large real-world sample.

Methods We analysed retrospectively the data stored in the database of the Neuro-oncology Unit, IRCCS “Regina Elena”
National Cancer Institute, Rome, Italy. We considered only data of patients with histological diagnosis of GBM and disease
recurrence during their follow-up. We excluded patients who did not receive treatment after the diagnosis.

Results We analysed 422 patients (64% males, 36% females) with a mean age of 59.6 (range 16-87) years. At GBM recur-
rence, 135 (32.0%) patients underwent palliative care, and 287 (68.0%) underwent other treatments. Patients on palliative
care were older, had a worse performance status, and a shorter time between GBM diagnosis and its recurrence. Patients
who received chemotherapy in combination with other treatments (surgery and/or radiation therapy) at GBM recurrence
had a longer survival than those in palliative care (p <0.001). Surgery or radiation therapy alone did not have any effect on
survival as compared with palliative care (p <0.001).

Conclusion This study confirms the importance of a multidisciplinary approach even at GBM recurrence, suggesting that
combination treatments play a key role in management of disease.
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Introduction Nowadays, the standard of care involves maximal safe

surgical resection followed by radiation therapy (RT) with
Glioblastoma (GBM) is the most common primary malig-  concomitant and adjuvant chemotherapy (CT) plus temozo-
nant brain tumour with a poor prognosis [1]. lomide (TMZ) [2]. About 70% of GBM patients will experi-

ence disease progression within 1-year post-diagnosis [2],
54 Antonio Tanzilli with less than 5% of patients surviving 5 years after diag-
antonio.tanzilli @ifo.it nosis [2-4].

Advanced age, poor performance status, and incomplete
extent of resection are well-established negative prognostic
factors [5, 6], whereas molecular features, such as O6-meth-
ylguanine-DNA methyltransferase (MGMT) methylation
and isocitrate dehydrogenase-1 (IDH-1) mutation, are strong
predictors of better outcomes from TMZ treatment thus con-
firming the prognostic role of IDH 1 mutation [4].

At recurrence, treatment options have limited efficacy.
Many studies report a limited response rate and, when
present, it is of short duration [7]. Second surgery, second
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courses of RT, and experimental treatment options can be
considered [7]. Surgery is an option for some patients, and
surgical debulking can alleviate mass effect and symptoms.
Some evidence showed that greater extent of resection at
recurrence is associated with improved survival [8, 9];
however, other studies have not found an absolute benefit
in terms of survival [10, 11]. Re-irradiation is an appropri-
ate option in selected patients, i.e. younger individuals with
good performance status [12]. Similar to surgery, there are
no randomized controlled trials (RCTs) demonstrating ben-
efit on survival [7].

Second-line CT can be offered to patients with recurrent
GBM, such as second course of TMZ, nitrosoureas, and plat-
inum-based regimens. The use of second-line agents remains
the most debated topic in this field. Recently, the Italian
Medicines Agency (AIFA) approved regorafenib for the first
recurrence of GBM [13]. The objective response rates to
second-line treatment are dismal, and time to progression for
standard cytotoxic agents is only 3 to 6 months [14].

Given the lack of an established evidence-based manage-
ment, here we aimed to describe the approach to recurrent
GBM in a large real-world population followed in a tertiary
care centre.

Methods
Participants

We retrospectively analysed data stored in a database of the
Neuro-oncology Unit of IRCCS Regina Elena National Can-
cer Institute, Rome, Italy. We considered data of patients
with histological diagnosis of GBM and disease recurrence
during their follow-up. We excluded patients who did not
receive treatment after diagnosis. Patients’ data were regu-
larly collected and stored into an electronic “ad hoc” data-
base which includes demographic, clinical, and molecular
data, as well as data on treatments (CT, RT, surgery), and
outcomes, including the progression-free survival (PFS),
post-recurrence survival (PRS), and overall survival (OS).

Outcome measures

PFS was defined as the time elapsed from GBM diagnosis
to its recurrence or, in the absence of documented disease
progression, to death.

PRS was defined as the time elapsed from GBM recur-
rence to death.

OS was defined as the time elapsed from GBM diagnosis
to death due to any cause.

For patients who were still alive at the time of database
lock, PRS and OS were censored at the time of the last visit.
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Statistical analysis

Categorical data were presented as count (proportion)
and continuous data were presented as mean + standard
deviation (SD) or median [range], as appropriate. When
applicable, continuous data were categorized arbitrarily to
facilitate the interpretation of results.

We explored factors associated with PFS and PRS by
time-to-event analyses.

The univariate and multivariate Cox proportional haz-
ards regression models were carried out to ascertain: (1)
the effect of demographic and clinical variables collected
at diagnosis on PFS (as per inclusion criteria, all patients
reached the event and therefore there was no censored case
in these analyses); (2) the effect of demographic and clini-
cal variables collected at GBM recurrence on PRS.

Additional survival analyses were conducted by means
of Kaplan—Meier curves and Cox regression models to
explore the effect of variables of interests on the pre-
defined outcomes: (1) we investigated the association
between PFS and the cycles of first-line CT and the PFS;
(2) we investigated the association between OS and sec-
ond-line treatments strategy. Two-sided p-values <0.05
were considered as significant.

Results
Study population

The Neuro-oncology database of the IRCCS Regina Elena
National Cancer Institute contains data on 1391 patients
with gliomas. Among them, 642 have histological diag-
nosis of GBM, including 422 (65.7%) with disease recur-
rence. Most patients (n =228) attended our Institute from
the diagnosis of GBM, whereas the remaining 194 were
initially followed in other Institutes.

We collected data of 422 patients (64% males, 36%
females) with a mean age of 59.6+ 12.3 (range 16-87)
years, who received a diagnosis of GBM from Septem-
ber 2007 to April 2021. Their demographic and clinical
characteristics at diagnosis are shown in Table 1. The
mean Karnofsky Performance Status (KPS) before start-
ing treatment was 90.4 + 12.2 [range: 60—100]. Molecular
data on MGMT and IDH-1 were available for 289 and 221
patients, respectively.

Most of them (n=385, 91%) underwent resection and
received the standard of care according to the Stupp pro-
tocol (n=351, 80.8%) or Perry protocol (n=31, 7.3%),
while the remaining patients (n =50, 11.8%) were treated
with only TMZ without receiving RT.
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Table 1 Characteristics of the study sample at GBM diagnosis and
first-line treatment approach (n=422)

Variable Categories n (%)
Sex Female 143 (33.9)
Male 279 (66.1)
Age <60 years 206 (48.8)
> 60 years 216 (51.2)
KPS <70 67 (15.9)
>70 355 (84.1)
Onset symptom Focal deficit 319 (75.6)
Intracranial hypertension 52 (12.3)
Seizures 51 (12.1)
MGMT Unmethylated 151 (35.8)
Methylated 138 (32.7)
Not available 133 (31.5)
IDH1 Wild type 221 (52.4)
Not available 201 (47.6)
Surgery Resection 385(91.2)
Only biopsy 37 (8.8)
Radiation therapy None 50 (11.8)
Total 60 Gy 351 (80.8)
Hypofractioned 31(7.3)

GBM, glioblastoma; IDH-1, isocitrate dehydrogenase-1; KPS, Kar-
nofsky Perfomance Score; MGMT, O6-methylguanine-DNA-methyl-
transferase

At database lock (December 2021), the median num-
ber of TMZ cycles received by patients was 6 [range 1
to 42]. Out of 422, 191 patients continued to receive CT
even beyond the scheduled 6 TMZ cycles, whereas 160
patients received less than the scheduled 6 TMZ cycles
due to disease progression (n= 142, 88.7%) or side effects
(n=18, 11.3%).

At follow-up, 377 (89.3%) out of 422 patients died, yield-
ing to a median OS of 18 (range 1-152) months.

GBM recurrence

For inclusion criteria, all patients had recurrent GBM, i.e.
there were no patients free from disease progression, after a
median time of 11 months [range: 1 to 99 months].

In most cases, GBM recurrence occurred while receiv-
ing the TMZ (n=338, 80.1%), whereas the remaining 84
patients discontinued their TMZ treatment before GBM
recurrence, either under stable disease after completing the
Stupp protocol (n=56, 13.3%), or due to side effects (n=28,
6.6%).

All patients who discontinued TMZ under stable dis-
ease received RT as part of the Stupp protocol before GBM
recurrence; they also had better KPS than those on current
TMZ treatment, and those discontinuing due to side effects
(» £0.02). There was no other difference across these three
subgroups of patients at GBM recurrence (see Table 2). As
expected, patients who had GBM recurrence under stable
disease after discontinuing TMZ received more TMZ cycles
than both those who discontinued for side effects and those
who experienced disease progression (p < 0.001).

The Cox regression model on PFS as outcome revealed
the following predictors for a faster GBM recurrence: age at
diagnosis > 60 years (HR =1.32, p=0.005), KPS at diagno-
sis <70 (HR=2.82, p<0.001), no previous RT (HR >2.40,
p <0.001), and unmethylated MGMT (HR=1.93, p <0.001).
The multivariable analysis confirmed these findings, with
except for age at diagnosis that was the only variable not
surviving after entering multiple covariates into the model
(see Table 3). We did not enter the IDH-1 in the model, as
all patients with available data had the wild-type enzyme.

Table 2 Difference between

8 8 Variable GBM recurrence

patients who experienced

GBM recurrence while on On first-line treatment After discontinuation of first-line treatment

first-line treatment (n=338) (n=338) - -

and those who discontinued Under stable disease For side effects

their treatment before GBM (n=56) (n=28)

recurrence either under stable Male sex 221 (65.4%) 41 (73.2%) 17 (60.7%)

disease after completing the

Stupp protoco] (n=156), or for Age > 60 years 183 (54.1 %) 26 (464%) 17 (607%)

side effects (n=28) KPS <70 162 (47.9%) 5 (8.9%) 14 (50.0%) ok
Onset with focal deficit 255 (75.4%) 41 (73.2%) 23 (82.1%)
Unmethylated MGMT* 124 (54.9%) 19 (40.4%) 8 (50.0%)
No surgery (only biopsy) 33 (9.8%) 2 (3.6%) 2 (7.1%)
No radiation therapy 45 (13.3%) 0 (0%) 5(17.9%) Hek

GBM, glioblastoma; IDHI, isocitrate dehydrogenase-1; KPS, Karnofsky Perfomance Score; MGMT,
0O6-methylguanine-DNA-methyltransferase

“Data available only for 289 patients

*p-values <0.02

@ Springer



5536

Neurological Sciences (2022) 43:5533-5541

Table 3 Cox regression model for the risk of GBM recurrence (n=422)

n

Univariate analysis Multivariate analysis

HR (95% Cls) p-value HR (95% Cls) p-value
Sex Female 143 1.00 REF
Male 279 0.99 (0.80-1.21) 0.898
Age at diagnosis <60 years 209 1.00 REF
> 60 years 213 1.32 (1.09-1.60) 0.005
KPS at diagnosis >70 355 1.00 REF 2.25 (1.69-3.40) REF
<70 67 2.82 (2.16-3.69) <0.001 <0.001
Onset symptom Focal deficit 319 1.00 REF
Seizures 52 1.02 (0.75-1.36) 0.927
Intracranial hypertension 51 0.87 (0.64-1.16) 0.330
Surgery Resection 385 1.00 REF
Only biopsy 37 0.76 (0.54-1.07) 0.114
Radiation therapy Total 60 Gy or hypofractioned 372 1.00 REF 2.26 (1.69-3.02) REF
None 50 3.26(2.41-4.41) <0.001 <0.001
MGMT* Methylated 138 1.00 REF 1.90 (1.49-2.43) REF
Unmethylated 151 1.93 (1.51-2.47) <0.001 <0.001

Cls, confidence intervals; HR, hazard ratio; GBM, glioblastoma; IDH1, isocitrate dehydrogenase-1; KPS, Karnofsky Perfomance Score; MGMT,

06-methylguanine-DNA-methyltransferase; REF., reference
“Data available only for 289 patients

However, considering only patients discontinuing their
first-line treatment (n =84), we observed a longer time to
GBM recurrence with more cycles of TMZ: HR =0.52 (95%
CIs 0.27-0.99, p=0.048) for 6-12 cycles and HR =0.20
(95% CIs 0.11-0.35, p<0.001) for > 12 cycles as compared
with <6 cycles (see Fig. 1).

Post-recurrence survival after GBM recurrence

The median PRS was 5 months [range: < 1 to 111].

The Cox regression model on PRS as outcome revealed
the following predictors at the univariate analysis (see the
Table 4): age > 60 years (HR=1.57, p<0.001), KPS<70
(HR =2.85, p<0.001), < 12 months from onset to GBM
recurrence (HR =1.64, p <0.001), ongoing treatment at
GBM recurrence (HR=2.16, p <0.001), and unmethylated
MGMT (HR=1.68, p<0.001). The time from GBM onset
to recurrence was the only variable not surviving the multi-
variate analysis, likely because its effect was absorbed by the
treatment status at GBM recurrence, i.e. the longer the time
elapsed from onset to GBM recurrence was, the higher the
likelihood to discontinue first-line treatment was.

Treatment at recurrence

After GBM recurrence, 135 (32.0%) patients underwent
palliative care, while the remaining 287 (68.0%) under-
went another treatment. There were several differences
between patients on palliative care and those who under-
went another treatment (see Table 5). Patients on palliative
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care were older, had a worse KPS, a shorter time from
diagnosis to GBM recurrence, and received less cycles of
first-line chemotherapy than those who started a second
treatment after GBM recurrence (p < 0.001). As expected,
patients on palliative care had an increased chance of death
(HR=4.67, p<0.001) than those who started a second-
line treatment after GBM recurrence.

A subgroup analysis on 181 patients with KPS <70 at
GBM recurrence confirmed that palliative care was asso-
ciated with shorter OS as compared with any second-line
treatment (HR =2.53, p <0.001).

Among patients who received a second-line treatment
after GBM recurrence (n=287), CT was started by 260
(90.6%) patients either as unique therapy (n =149, 51.9%),
or in addition with surgery (n=73, 25.4%), RT (n=15,
5.2%), or both (n=23, 8.0%). The remaining 27 patients
(9.4%) underwent only surgery (n=20, 7.0), only RT
(n=4, 1.4%), or both (n=3, 1.0%).

On 119 patients subjected to second surgery, 20 (16.8%)
patients showed deterioration of clinical condition and no
other treatment was considered. Twelve (10%) patients
showed a deterioration KPS from 100 to 70-80. This
group was composed of older and shorter interval between
diagnosis and recurrence patients. The majority of patients
showed advantages in terms of clinical outcomes.

Patients received the following second-line CTs: nitro-
sureas (n=138), rechallenging of TMZ (n=47), bevaci-
zumab (n=128), regorafenib (n=22), bevacizumab plus
nitrosureas (n=19), experimental treatments (n=26).
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Fig. 1 Progression-free survival
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Of 138 patients treated with nitrosurea, 71 (51.4%)
received lomustine and 67 (48.6%) received fotemustine.

The median number of cycles of second-line CT was 3
[range: 1 to 39].

In the subgroup of patients with GBM recurrence
during their first-line treatment, regorafenib was associ-
ated with worse PRS than nitrosureas (HR =0.54, 95%
CIs 0.29-0.99, p=0.048) and bevacizumab (alone or in

combination) or experimental chemotherapies (HR =0.56,
95% ClIs 0.29-1.08, p=0.084). However, these findings
were not confirmed after correction by sex, age, KPS, time
from onset to GBM recurrence, and MGMT status. Fur-
thermore, 58% of patients treated with regorafenib had
unmethylated MGMT status, whereas in the other sub-
groups, unmethylated MGMT status ranged from 30 to
38%.
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Table 4 Cox regression model

n Univariate analysis Multivariate analysis
for the post-GBM recurrence
survival (n=422) HR (95% CIs) p-value HR (95% Cls) p-value
Sex Female 143 1.00 REF
Male 279 0.86 (0.70-1.07) 0.172
Age <60 years 196 1.00 REF 1.28 (1.04-1.57) REF
> 60 years 226 1.57 (1.28-1.92) <0.001 0.02
KPS >70 241 1.00 REF 2.30 (1.77-2.99) REF
<70 181 2.85(2.31-3.52) <0.001 <0.001
Time from > 12 months 193 1.00 REF
onset to < 12 months 229 1.64 (1.33-2.00) <0.001
GBM recur-
rence
Treatment sta- Discontinued 84 1.00 REF 1.77 (1.34-2.34) REF
tus at GBM  Ongoing 335 2.16 (1.65-2.84) <0.001 <0.001
recurrence
MGMT* Methylated 138 1.00 REF 1.00 REF
Unmethylated 151 1.68 (1.30-2.17) <0.001 1.57 (1.22-2.03) 0.001

Cls, confidence intervals; HR, hazard ratio, GBM, glioblastoma; IDH], isocitrate dehydrogenase-1; KPS,
Karnofsky Perfomance Score; MGMT, O6-methylguanine-DNA-methyltransferase; REF., reference

“Data available only for 289 patients

Table 5 Difference between

. Variable Second-line treatment Palliative care
patients who started a second- n=287 n=135
line treatment (n=287) and
those who received palliative Male sex 192 (66.9%) 87 (64.4%)
care (n=135) after GBM Age > 60 years 130 (45.3%) 96 (71.1%) *
recurrence
KPS <70 71 (24.7%) 110 (81.5%) *
Cycles of chemotherapy *
<6 125 (43.6%) 106 (78.5%)
6-12 78 (27.2%) 17 (12.6%)
>12 84 (29.4%) 12 (8.9%)
Time from symptom onset to GBM 132 (46.0%) 103 (76.3%) *

recurrence < 12 months

GBM, glioblastoma; KPS, Karnofsky Perfomance Scale

“p-values < 0.001

Patients who started CT associated with RT and/or sur-
gery had a longer PRS than those who received only CT
(HR=0.40, p<0.001), and those who underwent surgery
plus RT (HR =0.52, p=0.008), whereas there was no differ-
ence in PRS between only CT and surgery plus RT (Fig. 1).

Discussion

Despite recent advances in multimodality therapy for GBM,
the overall prognosis remains poor and long-term survival
is rare.

In our study, patients had GBM recurrence after a
median time of 11 months. Patients died after a median
time of 5 months (<1 to 111) from GBM recurrence and
18 months (range 2 to 152) from disease onset. Wong
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et al. reported median PFS and OS for recurrent GBM of
10 weeks and 30 weeks, respectively [15]. The median
survival for most patients from the time of diagnosis is
less than 15 months, with a 2-year survival rate of 26-33%
[2, 16].

In this study, the predictors for a faster GBM recurrence
were KPS at diagnosis <70, non-administration of RT, and
unmethylated MGMT. These findings confirm data in lit-
erature, emphasizing that risk factors associated with lower
survival are as follows: old age of the patient (> 60 years),
partial resection of the tumour, low preoperative functional
status (KPS < 70), absence of RT and CT, less than 4 courses
of postoperative CT with TMZ [17]. Among favourable
prognostic factors, young age, radical resection, satisfactory
general condition of the patient MGMT promoter methyla-
tion, and IDH mutations gene are reported [18, 19].
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In 2005, a randomized clinical trial showed significantly
better 2- and 5-year survival for patients administered com-
bined chemo-radiotherapy [2] and confirmed in 2009 [4]. In
our study, we confirm that patients who do not undergo RT
have a major risk of recurrence than those who do undergo
RT.

In most cases, GBM recurrence occurred during adjuvant
TMZ and 19% during discontinued treatment. From these
results interesting but controversial data emerge on the pro-
longed use of therapy with TMZ. We observed a longer PFS
with more cycles of chemotherapy for> 12 cycles as com-
pared with <6 cycles. There is no consensus regarding the
appropriate duration of TMZ treatment, and it is a common
practice to prolong TMZ treatment until there is evidence
of tumour progression or development of toxicity [20, 21].
In addition, whether TMZ can be discontinued when the
tumour shows good response to prolonged treatment is still
unclear [20, 22].

Tumour recurrence is nearly universal in GBM but today
the evidence-based guidelines for treatment decision-upon
disease recurrence are lacking [23]. In our study, the major-
ity of patients underwent second-line treatment in particular
CT but 32% of patients received only supportive care. We
observed that patients that received only supportive care
were older, had a worse KPS, and a shorter time from diag-
nosis to recurrence. Keime-Guibert et al. reported that in
older patients, the median survival is <4 months with best
supportive care alone [24].

Most patients in this study underwent CT and the most
frequently used treatment is nitrosurea (fotemustine or
lomustine). According to literature, CT remains the elec-
tive treatment choice at recurrence and, for patients with
a substantially reduced performance status, supportive
care measures alone may be more appropriate. There is no
standard-of-care systemic therapy in the second-line set-
ting; however, alkylating chemotherapy is commonly used.
Lomustine, carmustine, fotemustine, and rechallenge with
TMZ are all potential options, although the benefits are mod-
est, and only patients with MGMT promoter methylation
are likely to benefit [25-27]. Salvage chemotherapy with
combined procarbazine, lomustine, and vincristine may have
some activity, although this is limited by much greater toxic-
ity [28, 29]. Several studies reported efficacy and safety of
fotemustine in glioblastoma recurrence treatment [30]

Overall, the quality of data for individual chemotherapy
agents or regimens is poor, and comparison across studies
is difficult mainly because the majority of studies do not
account for Stupp protocol and the emerging molecular
evidence.

Nitrosureas are routinely used as salvage therapy and still
play an important role in the treatment of recurrence.

Recently, the drug regorafenib was approved in Italy for
the first recurrence of GBM. The “REGOMA” trial was a

medium-sized phase II trial and several prognostic factor
imbalances favoured the regorafenib group: patients were
on steroids less frequently, were younger, had more often
MGMT promoter-methylated tumours, and had a longer
progression-free survival with first-line therapy. Further-
more, cross-trial comparison indicates particularly poor
outcome with lomustine [13]. Conversely, in our study,
patients treated with Regorafenib have a poorer prognosis,
but the little sample size and bias of selection did not permit
a conclusion.

In the literature, it is reported that the TMZ is often used
for rechallenging with an overall response rate of 10%. We
reported a rechallenging of TMZ in 46 patients discontinu-
ing treatment before GBM recurrence for disease control.

We observed that the surgery alone does not have an
impact on prognosis but has an important role in combi-
nation with CT. In literature, the role of second surgery
remains controversial and should be considered in a selected
population. The patients who undergo surgery may also be
considered for adjuvant chemotherapy, with special attention
to the various molecular predictive markers in the specimen.
The adjuvant chemotherapy after re-irradiation may follow
the principles of adjuvant chemotherapy after re-excision
[31]. Some retrospective studies proposed a survival benefit
after reoperation while others did not [8—11, 32, 33]. The
most common limitation in the majority of studies includes
high probability of selection bias.

The main limitation of the present study concerns its
retrospective design that is prone to selection and hidden
biases, therefore can be considered only as “hypothesis-gen-
erating”. However, even if RCTs represent the “gold stand-
ard” for providing evidence on efficacy of specific treatment
strategies, real-world data as those from our study can be
considered more representative of the GBM population
than RCT samples. Patients enrolled in RCTs are indeed
pre-selected to enhance the power to demonstrate a treatment
effect, but the results of any trial are only partially repro-
ducible in widespread clinical practice. Well-conducted and
large retrospective experiences — like the present study —
may provide the opportunity for a less expensive evaluation
of therapies in a real-life clinical setting.

Conclusion

We confirmed the importance of the multidisciplinary
approach at recurrence and that combination therapy plays
a key role in management of disease. Indeed, we observed
that patients who started CT associated with other treat-
ments (surgery and/or RT) had a longer OS than those who
received only CT and those who underwent surgery plus
RT. Very important factors for a decision-making strategy
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include as follows: age at diagnosis, performance status,
time to recurrence, and MGMT methylation.

Nowadays, CT with nitrosureas represents first choice
therapy strategy for GBM recurrence, but future data may
be modified because of AIFA’s approval of regorafenib as a
second-line treatment option. The addition of RT and sur-
gery needs to be evaluated in selected patients.
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