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Abstract The recurrence of glioblastoma (rGBM) is
inevitable and often short-term. Therefore, information on
the prognosis and effectiveness of tumor-specific versus
purely palliative approaches should be more in-depth than
a mere list of available treatment options for patients in this
situation. However, follow-up data on the course of the
disease in unselected patient populations after completion
of primary treatment are scarce. This single-center analysis
investigated the rate and number of glioblastoma recur-
rences after initial radiotherapy in 189 consecutive GM
patients, focusing on the incidence of early death and the
frequency of tumor-specific treatment (TST) versus best-
supportive care (BSC) as well as the outcomes for the
different approaches. In 61 % of initial population first
recurrence (rtGBM) could be determined by histology or
imaging. 47 % received TST. 58 % of the patients with
rGBM and TST were diagnosed with a second recurrence.
Up to five recurrences were treated. 35-45 % of patients
died before undergoing imaging studies to confirm the next
recurrence. Multivariate analysis identified male sex and
KPS score as independent factors (p < 0.01) for the choice
of TST over BSC. Median overall survival from the diag-
nosis of first recurrence was 267 days in the TST group
versus 65 days in patients receiving BSC (p < 0.0001).
Nearly half of all rGBM patients received second-line TST,
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but a remarkably high proportion died early. Gender and
KPS played a role in the choice of TST over BSC for
recurrence treatment.
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Introduction

WHO grade IV glioblastoma (GBM), the most common
primary brain malignancy in adults, has a poor prognosis—
survival at 24 month still only 14-26 % [1, 2]. The current
standard of care for patients with newly diagnosed
glioblastoma is surgery followed by radiotherapy with
concurrent and adjuvant temozolomide (TMZ) [1, 3, 4].
Nevertheless, intracranial glioblastoma recurrences
develop in almost all of these patients. Surgery, radio-
therapy and chemotherapy are discussed as treatment
options for recurrent glioblastoma (rGBM) in the literature
[5-10]. The published data on the prospects of success of
these therapeutic options are limited to highly selected
patient populations. The Karnofsky performance status
(KPS), MGMT promoter status, and patient age are pos-
sible prognostic factors for the overall survival after
glioblastoma treatment [11-13].

However, there is little information about how many
rGBM patients are actually suitable candidates for tumor-
specific treatment, how often it is performed, and whether
it achieves better results than BSC alone. Therefore, the
aim of this retrospective single-center study was to deter-
mine how often TST is performed in rtGBM patients, what
selection criteria are applied, and which results are
achieved with BSC versus TST in different prognostic
groups.
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Materials and methods
Patients

All 189 adults treated for newly diagnosed GBM at our
radiotherapy department from January 1, 2006 to Decem-
ber 31, 2011 were included in the study. The patients
generally received surgical treatment followed by radio-
therapy plus concomitant and adjuvant TMZ. Patients in
reduced general condition received radiotherapy alone.
After completion of treatment, the patients were given the
option to return to the Department of Neurosurgery and
Radiotherapy at quarterly intervals for follow-up. Follow-
up consisted of a clinical examination and magnetic reso-
nance imaging (MRI) every 3 months. If the neurological
status deteriorated, MRI follow-up was performed imme-
diately, i.e., earlier than 3 months. GBM cases with an
MRI suggestive of disease progression were jointly dis-
cussed at the interdisciplinary tumor board. The diagnosis
of recurrence was made by consensus between neurosur-
geons, neuropathologists, neuroradiologists, neurologists
and radiation oncologists. Regarding the differential diag-
nosis, if pseudoprogression was suspected, another MRI
study (in some cases FET-PET/CT) was performed
1 month later. Glioblastoma recurrence and progression
was defined as evidence of a new contrast-enhancing lesion
or an increase in size of a known contrast-enhancing lesion
on MRI, analogous to the radiological criteria of
MacDonald and the Response Assessment in Neuro-On-
cology (RANO) classification [14, 15]. If pseudoprogres-
sion was suspected, steroid treatment was administered and
a new MRI study was performed in 4-6 weeks for differ-
ential diagnosis. SUV ,,x > 2 was the criterion used for the
diagnosis of recurrence by FET-PET/CT.

Tumor resectability was assessed in every case of
recurrence. If the results were equivocal, even after a
second MRI, a specimen was obtained on at least one
occasion. If there were no viable surgical treatment
options, the feasibility of second irradiation was examined.
For second radiation, a dose of up to 45 Gy was delivered
to the already irradiated area, and rGBM located outside
the former irradiation volume was irradiated with 60 Gy.
The cumulative doses of the entire irradiation series did not
exceed 59 Gy in the brainstem and 54 Gy in the optical
system. The feasibility of cancer drug treatment was also
evaluated. The re-induction of temozolomide at conven-
tional doses or in a dose-dense temozolomide regimen was
the first chemotherapy option considered for treatment of
first recurrences. The second chemotherapy option con-
sidered was bevacizumab, which was administered with or
without CPT-11, depending on insurance coverage. Pro-
carbazine/CCNU was the third-line chemotherapy.

@ Springer

Statistical analysis

The endpoint of the study was median overall survival
(mOS). The zero point was the date of primary diagnosis or
recurrence diagnosis, depending on the analytical objective.
The cutoff date for the statistical analysis was September 2,
2013. Frequency analysis was performed using the Chi
square test, Fischer’s exact test and logistic regression. OS
was calculated using the Kaplan—-Meier method and com-
pared with the log rank test. Multivariate analysis was per-
formed to find independent factors for survival by
introducing parameters that showed significant differences
in survival in the univariate analysis (p < 0.05). The sta-
tistical analyses were performed with SPSS version 21.

Results
Frequency of recurrence treatment (Fig. 1)

On the cut-off date, eight of the 189 patients studied had
tumor-free survival and three were lost to follow-up. Of the
remaining 178 patients (investigated population), 109
(61 %) had first recurrences confirmed by histology or
imaging, diagnosed at a median of 304 days after primary
diagnosis. 69/178 patients (39 %) died before the diagnosis
of recurrence could be confirmed by imaging or other
methods, a median 150 days after primary diagnosis. 35 of
these patients died during primary treatment or within
6 weeks of primary treatment, and another 34 did not
return to our hospital for follow-up, nor to their primary
care physicians or attending oncologists, who were asked
about patients lost to follow-up. Therefore, it must be
assumed that the general condition of these 69 patients had
deteriorated so severely that neither diagnostics nor treat-
ment was possible.

TST was performed for 84/178 (47 %) first recurrences,
achieving a median OS of 267 days after first-recurrence
diagnosis and 575 days after primary diagnosis. 25 patients
had a confirmed diagnosis of recurrence, but the interdis-
ciplinary tumor board decided not to treat the first recur-
rence due to the poor general condition of the patient. This
BSC subgroup achieved a median OS of 65 days after first-
recurrence diagnosis and 290 days after primary diagnosis.

In summary: 94 (53 %) of 178 patients did not receive
second-line TST (25 pts with “untreated” first recurrences
and 69 pts before diagnosis of recurrence), and 47 % of all
patients who received primary treatment received second-
line TST at first recurrence. Median OS after primary
diagnosis was significantly different for the 84 TST
patients (575 days) versus the 94 patients (189 days,
p = 0.000).
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Of the 84 patients receiving TST for a first recurrence,  after second line TST that no further diagnostic studies
two were still second recurrence-free at the cut-off date, = were possible. 32 (65 %) of the 49 patients with a con-
49/84 (58 %) had a confirmed second recurrence, and the firmed second recurrence (18 % of the initial population)
other 33/84 (39 %) were in such poor general condition  received TST (third-line treatment).
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By the cut-off date, a third recurrence was diagnosed in
17 patients (53 % of those treated for a second recurrence,
9.5 % of the initial population), a fourth recurrence was
diagnosed in three patients, and a fifth recurrence in one
patient.

In summary, recurrent glioblastoma was diagnosed in
61-53 % of our previously treated GBM patients, and
treated in 65-82 % of patients with one to three confirmed
recurrences. This percentage was remarkably constant. In
the other patients with non-confirmed recurrences, the
cancer was obviously so aggressive that further diagnostic
studies were not possible.

Treatments performed by recurrence number

In our cohort, we observed one to five recurrences per
patient, which were treated as shown in Table 1. Both the
rate of surgical resection and the probability of multimodal
treatment decreased with the individual number of
recurrences.

Intervals between recurrence treatments
and survival times after recurrence diagnosis
and treatment

First recurrences (n = 109) were diagnosed a median of
304 days after primary diagnosis, second recurrences
(n = 49) a median of 151 days after first recurrence, third
recurrences (n = 17) a median of 184 days after second
recurrence, fourth recurrences (n = 6) a median 61 days
after third recurrence, and the fifth recurrence (n = 1) a
median 215 days after the fourth recurrence.

Patients (n = 109) survived a median of 214 days after
diagnosis of the first recurrence as determined by imaging,
resection or biopsy, 199 days after diagnosis of the second
recurrence (n = 49), 168 days after diagnosis of the third
recurrence (n = 17), and 85 days after diagnosis of fourth
recurrence (n = 6). The one patient with a fifth recurrence
survived 136 days after diagnosis of fifth recurrence (Table 2).

First-recurrence patients who received TST (group A,
n = 84) survived 267 days after first recurrence diagnosis,
while those who received BSC (group B, n = 25) survived

Table 1 Treatments performed by recurrence number

65 days. Second-recurrence patients survived 262 days
after recurrence diagnosis with TST (group A, n = 32),
and 106 days with BSC (group B, n = 17). Third-recur-
rence patients receiving TST (n = 14) survived 214 days
after recurrence diagnosis, while those receiving BSC
(n = 3) survived 18 days. Fourth-recurrence patients sur-
vived 137 days after recurrence diagnosis with TST
(n = 3) compared to 50 days with BSC (n = 3). The one
patient with a 5th recurrence survived 136 days with TST.
There is a significant difference in OS in favor of patients
receiving TST versus BSC at first recurrence, and although
significance is not reached for 2nd, 3rd and 4th recurrence
there was a trend in favor of TST (Table 2).

Criteria for selection of TST versus BSC for first
recurrence

Key decision variables for selecting tumor-specific treat-
ment versus “no treatment” (BSC) for first recurrences were
gender, KPS score and time until the recurrence diagnosis
(Table 3). TST of first recurrences was administered in
88 % of men compared to only 65 % of women (p = 0.008,
logistic regression). Patients with a KPS score > 80 %
received TST more often than those with a KPS
score < 80 % (97 % vs. 66 %, p = 0.005, multivariate).

The indication for recurrence treatment was not influ-
enced by age (p = 0.052), size (p = 0.71), tumor growth
pattern (unifocal vs. multifocal; p = 0.174), or resection
status at initial treatment (biopsy/incomplete resection vs.
complete resection; p = 0.055).

Comparison of the periods 2006-2008 versus
2009-2011 showed a slight increase in the rate of diagnosis
and treatment of first, second and third recurrences over
time (Table 4). TST of first recurrences was performed in
43 % of patients in the first cohort (2006-2008) compared
to 51 % of those in the second cohort (2009-2011). From
one period to the next, the rates rose from 17 to 19 % for
the second recurrence, from 5 to 11 % for the third
recurrence. Likewise, the rate of diagnosis rose from 56 to
66 % for first recurrence, from 26 to 29 % for second
recurrence and from 8 to 11 % for third recurrence between
the two time periods.

Resection* Radiotherapy*

Chemotherapy*

Unimodal Treatment Multimodal Treatment

36/84 (43 %)
5/32 (16 %)

24/84 (29 %)
9/32 (28 %)

1st recurrence (n = 84)

2st recurrence (n = 32)

3st recurrence (n = 14) 1/14 (7 %) 3/14 (21 %)
4st recurrence (n = 3) 0/3 1/3 (33 %)
4st recurrence (n = 1) 0/1 0/1

71/84 (84 %)
30/32 (94 %)
13/14 (93 %)

45/84 (54 %)

20/32 (62 %)

11/14 (79 %) 3/14 21 %)
2/3 (67 %) 1/3 (33 %)
1/1 (100 %) 0/1

39/84 (46 %)
12/32 (38 %)

3/3 (100 %)
1/1 (100 %)

* As a part of unimodal or multimodal treatment
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Table 2 OS after recurrence diagnosis

mOS in days after
the diagnosis of

mOS in days after the
diagnosis of recurrence—

mOS in days after the
diagnosis of recurrence—

p value (comparison
of group A and B)

recurrence with TST (=group A) with BSC (=group B)
Ist recurrence (n = 109) 214 £ 21 267 £ 27 65 + 23 0.00
2nd recurrence (n = 49) 199 + 24 262 + 53 106 £+ 25 0.06
3rd recurrence (n = 17) 168 + 59 214 £ 178 18+0 0.91
4th recurrence (n = 6) 85 + 53 137 £ 42 50 £ 13 0.61
5th recurrence (n = 1) (136) (136) - -
Table 3 Initiation of first recurrence treatment: who was treated and who was not?
Total TST BSC p value p value
N = 109) N=28477,1%) (N=12522,9 %) ) (multivariat)
Age >65 years 39 (36 %) 26 (31 %) 13 (52 %) 0.05 >0.05
<65 years 70 (64 %) 58 (69 %) 12 (48 %)
Sex Male 58 (53 %) 51 (60,7 %) 7 (28 %) 0.004 0.008
Female 51 (47 %) 33 (39 %) 18 (72 %)
KPS score >80 % 38 (35 %) 37 (44 %) 14 %) 0.000%/%%* 0.005
<80 % 56 (51 %) 37 (44 %) 19 (76 %)
Missing 15 (14 %) 10 (12 %) 5 (20 %)
Tumor size >30 cm?® 46 (42 %) 36 (43 %) 10 (40 %) 0.71%* >0.05
<30 cm’® 48 (44 %) 39 (46 %) 9 (36 %)
Missing 1514 %)  9(11 %) 6 (24 %)
Unifocal 73 (67 %) 60 (71 %) 13 (52 %) 0.17* >0.05
Multifocal 34 (31 %) 24 (29 %) 10 (40 %)
Missing 0 0 2 (8 %)
Recurrence interval >365 days 35 (32 %) 32 (38 %) 3 (12 %) 0.014 >0.05
<365 days 74 (68 %) 52 (62 %) 22 (88 %)
Resection status at Biopsy/partial resection 64 (59 %) 45 (54 %) 19 (76 %) 0.05%/** >0.05
initial treatment Complete resection 41 38 %) 36 (43 %) 5 (20 %)
Missing 4 (3 %) 33 %) 1 (4 %)
* missing patients excluded, ** Fisher’s exact test
Table 4 Cohort comparison of 2006-2008 and 2009-2011
Years 20062008 Years 2009-2011 All patients p value

(comparison of

Patients mOS.in day‘s after Patients mOS'in da){s after Patients mOS.in day.s after group A and B)
the diagnosis of the diagnosis of the diagnosis of
recurrence recurrence recurrence
(=group A) (=group B)

Number of primary 92 - 97 - 189 - —
diagnosis

Evaluated 86 (100 %) - 92 (100 %) - 178 (100 %) - -
population

1st recurrence 48 (56 %) 196 + 17 61 (66 %) 267 £+ 45 109 (61 %) 214 + 45 0.13
diagnosis

Ist recurrence TST 37 (43 %) 214 £ 30 47 (51 %) 323 £ 63 84 (47 %) 267 £ 27 0.16

2nd recurrence 22 (26 %) 142 £+ 37 27 (29 %) 244 + 41 49 (28 %) 199 + 24 0.28
diagnosis

2nd recurrence TST 15 (17 %) 148 £+ 48 17 (19 %) 299 £ 10 32 (18 %) 262 + 53 0.09
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Parameters for survival after first-recurrence
diagnosis

After first-recurrence diagnosis (n = 109), univariate
analysis showed differences in survival for the following
parameters: age (>65 vs. <65 years, p = 0.005), KPS
score (>80 % vs. <80 %, p = 0.000), recurrent tumor size
(>30 cm® vs. <30 cm3, p = 0.02), recurrence interval
(=365 days vs. <365 days, p = 0.004) and unifocal versus
multifocal recurrence (p = 0.048). No statistically signifi-
cant differences in survival were detected for sex. In the 84
patients, survival did not correlate with the type of recur-
rence treatment: with and without resection (p = 0.12),
with and without radiotherapy (p = 0.19), with and with-
out chemotherapy (p = 0.98), and monotherapy versus
combination therapy (p = 0.20). Multivariate analysis
identified KPS score, age and recurrence interval as inde-
pendent parameters for survival.

Based on the hazard ratio (HR), patients with a KPS
score of <80 % were 3.41 times more likely to die than
those with a KPS score of >80 %. Patients aged 65 years
and older were 1.84 times more likely to die than those
under 65. Patients with an initial recurrence interval of
<365 days were 1.65 times more likely to die than those
with an interval of 365 days or longer. Therefore, adverse
prognostic factors were older age, impaired KPS score and
short initial recurrence interval.

After dividing the patients into two groups according to
the three adverse prognostic factors (only one or none
adverse prognostic factor vs. two or three)}—median OS for
the first group with one or less adverse prognostic was
found to be 478 days with TST (n = 43) versus 135 days
with BSC (n = 5, p = 0.016). In the second group, median
OS was 206 days with TST (n = 41) and 57 days with
BSC (n = 20, p = 0.000). The benefit of TST decreased
with increasingly poor prognosis. The difference in OS
between TST and BSC was 343 days in the first group and
149 days in the latter.

Discussion

This study is the first to provide data on the frequency and
effectiveness of treatment of the first to fourth glioblastoma
recurrences. Such detailed follow-up data describing the
course of the disease after completion of primary treatment
were not available until now. We showed that rtGBM could
be treated in 30-50 % of cases, and that treatment very
likely had a positive effect on their patient’s prognosis
(median OS after recurrence therapy: 130-260 days). This
is clinically relevant because the proportion of patients
with longer survival is increasing due to the availability of
more effective initial treatments, such as temozolomide,
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navigation-guided surgery, and intensity modulated radia-
tion therapy [16—18]. The success of primary treatment has
raised expectations with regard to recurrence treatment;
GBM patients and their family members are at least asking
about the therapeutic success of recurrence treatment.
When counseling glioblastoma patients and their family
members, it is important to provide an estimate of the
patient’s remaining lifetime. Our data shed some light on
this subject.

There have been previous reports in the lay press about
long-term GBM survivors with multiple glioblastoma
recurrences and treatments, but it was unclear whether
these were only isolated cases. Our data show that a third
or fourth recurrence can actually be diagnosed and treated
in approximately 20—40 % of patients. This finding was not
limited to isolated cases but was observed in a well-defined
population of glioblastoma patients. Until now, epidemio-
logical data supporting these claims were lacking. Since all
patients with a diagnosis of primary GBM who were
treated at our hospital during the observation period were
included in the analysis, the findings of this study are
certainly representative of a large hospital.

More specifically, the relative percentage of patients
receiving TST for rtGBM remained approximately constant
from one recurrence to the next: the observed percentages
were 47 % for the first recurrence, 38 % for the second
recurrence, and 44 % for later recurrences. This could be
due to the effectiveness of recurrence treatment, but may
also be related to tumor biology. We were unable to
examine molecular markers for long-term survival due to
the retrospective nature of the study. In the Stupp trial,
follow-up was more intensive: 96.7 % of patients were
diagnosed with rGBM, and 89.5 % were treated for
recurrences [19]. However, the authors only provided data
on the first recurrence and based their diagnosis of rGBM
on the MacDonald criteria which, unlike our diagnostic
criteria, are not solely based on MRI findings, but also take
deterioration of the neurological status into account. Dis-
crepancies in evaluating the presence of recurrence makes
it difficult to compare the follow-up data and frequencies of
treatment between our unselected patient population and
other study cohorts.

It is even more important to identify parameters asso-
ciated with the initiation of tumor-specific treatment of
rGBM since reliable comparative data from non-study
populations are also lacking on this subject. As was already
known, younger GBM patients are more likely to receive
TST than older GBM patients. The same is true for patients
with long versus short treatment-free intervals and a good
versus low KPS [11, 19, 20]. The latter was also be
duplicated in our study. Biological factors were not studied
here because they were not used in therapeutic decision-
making, and because of the lack of reproducibility of
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MGMT hypermethylation determinations [10]. Surpris-
ingly, we detected recurrence treatment bias in favor of
men, independent of all other factors. For example, 51/58
men received TST for rGBM compared to only 33/51
women. The sex ratio (M:F) was only 1.14:1 at the time of
primary treatment, and remained relatively constant
(1.13:1) until the date of first-recurrence diagnosis. After
the onset of first recurrence treatment, the sex ratio rose to
1.54:1, where it remained relatively stable. Likewise, the
sex ratio was 1.45:1 and 1.46:1 at the time of second-
recurrence diagnosis and treatment. Whether this recur-
rence treatment bias in favor of male patients results in
better survival is debatable since long-term survivors are
often young women [21]. Speculatively, we attributed the
recurrence treatment bias in favor of males to the fact that
married men are better cared for by their wives [22] or that
family members place more pressure on men to undergo
treatment than women.

Tumor-specific treatment extends the lives of rGBM
patients by several months. As shown in the present study,
patients receiving specific treatment for recurrences sur-
vived 267 days after the first recurrence, 262 days after the
second recurrence, and 214 days after the third recurrence.
This is consistent with data from single-center monother-
apy trials on first recurrence treatment [5—7, 23, 24]. Even
though the difference in OS in patients treated by TST
versus BSC is only significant for the first recurrence, there
is a trend, without statistical significance towards longer
survival for TST in favor of BSC in the 2nd, 3rd and 4th
recurrence.

One indication of the effectiveness of treatment is the
observation that, in the individual prognosis groups divided
by differences in KPS score, patient age and initial recur-
rence interval, patients receiving TST outlived those
receiving BSC alone. Even elderly first-recurrence patients
with a low KPS score survived 178 days with TST com-
pared to only 53 days with BSC. Early professional pal-
liative care can help to improve survival, as is well
demonstrated in lung cancer patients [25]. Nonetheless, it
is important to remember that even recurrent glioblastoma
patients who are elderly or have poorer KPS scores can
benefit from additional tumor-specific treatment.

Until now, little was known about how often GBM
patients use multidisciplinary follow-up services, how
often this results in an offer to provide treatment, and how
often the offer to provide tumor-specific or purely symp-
tomatic treatment is accepted. In particular, 40-60 % of
our GBM patients did not return for follow-up and died
within a short time. This patient subgroup is considered to
be representative of the typical course of the disease. The
cause of death is often uncritically classified as disease
progression, and the fact that these patients have con-
comitant diseases, and that complications can arise due to

treatments, concomitant treatments and malignant diseases
is often ignored. Complications of steroid therapy, such as
hyperglycemia, arterial hypertension or other thromboem-
bolic events, and symptomatic epilepsy are a case in point
[26-28]. For example, the incidence of thromboembolic
events in glioblastoma patients is estimated to be 20-30 %
[27, 29]. The importance of opportunistic infections is also
unclear. Goerig et al. [30] suggested that the association of
CMV infection with neurological deterioration may be
misinterpreted as progression. In the future, special
emphasis should be placed on the treatment of complica-
tions of various treatments and the prevention of oppor-
tunistic infections as this alone could possibly contribute to
the survival of GBM patients.

In summary, our data show the importance of providing
GBM patients adequate follow-up services and TST, which
can contribute to improving the prognosis of glioblastoma.
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