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Abstract 
Background.  The optimal salvage therapy for recurrent MGMT-methylated glioblastoma (GBM), IDH wildtype, 
remains undefined. While lomustine is often used in clinical trials and considered standard-of-care, cumulative 
toxicity precludes its use in patients previously treated with lomustine/temozolomide. The role of temozolomide 
rechallenge in this setting is unclear.
Methods.  This monocentric retrospective study included 70 patients with MGMT-methylated GBM, IDH wildtype, 
who received lomustine/temozolomide as first-line therapy. Descriptive data on second-line therapies were col-
lected, and therapy responses were assessed. Survival outcomes were evaluated using Kaplan-Meier analysis.
Results.  Of 55 patients with documented tumor progression, 40 patients received second-line therapy. The most 
frequently used systemic therapy was temozolomide (n = 33, 79% of patients with second-line therapy), with a me-
dian number of 6 cycles and hematotoxicity grade 3 or 4 observed in <20% of patients. Among patients receiving 
temozolomide only, stable disease or partial response was achieved in 53.3%, with a progression-free survival rate 
at 6 months after first recurrence of 50% and a 1-year OS rate of 45%.
Conclusions.  Temozolomide rechallenge is a common, safe, and effective second-line option for patients with 
MGMT-methylated, IDH wildtype GBM following first-line lomustine/temozolomide therapy. These findings support 
its consideration as a salvage therapy in appropriate clinical scenarios.

Key points

• Second-line temozolomide is a common and safe salvage therapy in MGMT-methylated 
GBM after initial therapy with lomustine/temozolomide.

• Second-line temozolomide is effective in recurrent MGMT-methylated GBM after initial 
therapy with lomustine/temozolomide.

Glioblastoma (GBM), isocitrate dehydrogenase (IDH) wildtype 
(CNS WHO grade 4), is characterized by diffuse brain infil-
tration and therapy resistance, leading to a fatal prognosis.1 
In case of progressive disease (PD), referring to tumor re-
currence after initial therapy, the prognosis is particularly 
poor, with median survival times substantially lower than 12 
months.2

The standard first-line treatment has remained largely un-
changed in recent years. Following maximal safe resection, pa-
tients typically receive radiochemotherapy with the alkylating 
agent temozolomide (TMZ) that is applied first concomitant to 
radiotherapy (RT) followed by 6 adjuvant cycles.3,4 Additional 
therapy with tumor-treating fields (TTF) is an additional op-
tion based on a positive randomized trial.5 For the subgroup 

Second-line temozolomide in first recurrent 
MGMT-methylated glioblastoma after lomustine/
temozolomide: Efficacy and safety  

© The Author(s) 2025. Published by Oxford University Press, the Society for Neuro-Oncology and the European Association of 
Neuro-Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License 
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any 
medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and 
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on 
the article page on our site—for further information please contact journals.permissions@oup.com.

https://orcid.org/0009-0006-2919-8622
https://orcid.org/0000-0002-6025-7479
https://orcid.org/0000-0002-5710-6557
https://orcid.org/0000-0001-5818-5392
mailto:thomas.zeyen@ukbonn.de
https://creativecommons.org/licenses/by-nc/4.0/


 2 Zeyen et al.: Second-line temozolomide in GBM after lomustine/temozolomide

of O6-methylguanine-DNA methyltransferase (MGMT)-
methylated GBM, the addition of lomustine (CCNU) to the 
standard first-line treatment can be considered. Results 
from the randomized, open-label phase 3 CeTeG/NOA-09 
trial suggest superior survival outcomes for patients re-
ceiving the combined CCNU/TMZ regimen compared to 
standard TMZ treatment, with a median overall survival 
(OS) of 48.1 months versus 31.4 months.6 However, while 
these findings are promising, the superiority of CCNU/TMZ 
has yet to be definitively confirmed, as the efficacy signal 
in the NOA-09 trial was observed only in OS prolongation, 
not in progression-free survival (PFS), and the study’s sta-
tistical power is considered limited. Encouragingly, a suf-
ficiently powered replication study is currently recruiting 
(NCT05095376).

Optimal salvage therapy for recurrent GBM remains un-
defined and may include surgery, re-irradiation, and sys-
temic therapy.7 Among systemic treatment options, CCNU 
is broadly considered as the standard-of-care and often 
serves as control arm for clinical trials. However, its lim-
ited efficacy in second-line treatment is reflected by com-
prehensively reported PFS at 6 months (PFS-6) of less than 
30%.8 Unfortunately, none of the numerous studies con-
ducted over the past years have identified a new recurrence 
treatment with significant efficacy signal for a broad pop-
ulation of GBM, although efficacy of dabrafenib/trametinib 
could be seen in the rare tumors harboring a BRAFV600E 
mutation.9 The vascular endothelial growth factor (VEGF) 
antagonist bevacizumab, which is considered a salvage 
therapy in the United States, has not received comprehen-
sive approval in Europe. This is due to its demonstrated im-
provement in PFS without a corresponding improvement 
in OS.10,11 In the prospective randomized EORTC 26101 
trial, the median OS for patients receiving CCNU in com-
bination with bevacizumab at recurrence was 9.1 months 
(8.1-10.1) vs 8.6 months without it (7.6-10.4).12 For patients 
with MGMT-methylated GBM, survival time post progres-
sion is typically reported within 10-14 months.12–14 For 
these patients, TMZ rechallenge may be offered following 
primary therapy with TMZ. The DIRECTOR13 trial reported a 
PFS-6 rate of approximately 40%, along with a 1-year OS 
rate of around 54%. Notably, in the EORTC 26101 trial,12 the 
CCNU treatment arm for MGMT-methylated GBM demon-
strated a comparable PFS-6 rate of approximately 30% and 
a 1-year OS rate of about 50%. In contrast, the REGOMA 
trial reported a 1-year OS rate of less than 25% for patients 
with MGMT-methylated GBM treated with CCNU at first re-
currence, although subgroup-specific PFS data were not 
provided.15

The lack of data on optimal salvage treatments for GBM 
is particularly evident in patients who received CCNU/
TMZ as first-line therapy. In this context, repeat CCNU is 
often avoided due to the considerable risk of toxicity, such 
as cumulative myelotoxicity and pulmonary fibrosis, es-
pecially after exceeding 6 cycles.16 This uncertainty might 
contribute to a perception of limited salvage treatment op-
tions, potentially hindering broader acceptance of CCNU/
TMZ as a first-line regimen.

This study analyzed the recurrence treatment strategies 
for MGMT-methylated GBM patients who received CCNU/
TMZ as first-line therapy, aiming to provide insights into 
outcomes and efficacy of approaches.

Methods

Patient Cohort and Outcomes

The medical records of the Department of Neurooncology 
at the University Hospital Bonn were screened, including 
data from January 2009 to July 2023. Patients were in-
cluded if they met the following criteria: (1) Tissue-based 
diagnosis of GBM, IDH wildtype (WHO 2021 classification), 
harboring a methylated MGMT promoter; (2) initiation of 
primary treatment according to the CeTeG protocol (RT 
of the extended tumor region with 2 Gy ad 60 Gy or 2.67 
ad 40.05 Gy, plus planned 6 cycles of combined lomustine 
[100 mg/m2 body surface area] and TMZ [100-200 mg/m2 
body surface area]).6

Data on age, sex, extent of resection (EOR), and 
Karnofsky performance score [KPS]) post-surgery were 
retrieved. Outcome was assessed using PFS-2, defined as 
months from first tumor progression to second tumor pro-
gression or death, and OS after first progression, defined 
as months from first tumor progression to death.

Progression Assessment and Radiological 
Response

Progression assessment was performed according to 
the current RANO 2.0 criteria for high-grade gliomas in 
adults.17 The first post-RT MRI scan was considered the 
baseline examination. Within the first 12 weeks after com-
pletion of RT, confirmation of PD within the high-dose 
radiation field required either follow-up MRI or histopath-
ological evidence of recurrent tumor. In patients receiving 
bevacizumab as salvage treatment (n = 4), a confirmation 

Importance of the Study

The optimal salvage therapy for MGMT-methylated 
glioblastoma (GBM) after first-line treatment with 
lomustine/temozolomide remains undefined, leading to 
frequent concerns about limited therapeutic options at 
recurrence in this specific patient subgroup. This study 
demonstrates that temozolomide rechallenge at first 
recurrence is a feasible, safe, and effective treatment 

strategy. Additionally, it provides encouraging data on 
the feasibility of combining different therapeutic modal-
ities at recurrence.

Overall, these findings help address concerns re-
garding salvage treatment options and might offer 
valuable guidance for clinical decision-making in this 
challenging clinical setting.
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scan was required in cases of partial response (PR) or 
stable disease (SD) to rule out pseudoresponse. In cases of 
suspected progression but with indications of treatment-
related MRI changes (eg, lack of increased regional cere-
bral blood volume [RCBV]), follow-up MRI scans 4-8 weeks 
later were required to confirm progression. If progression 
was confirmed, the progression date was backdated to the 
MRI date of suspected progression, in accordance with the 
RANO 2.0 criteria.

Second-Line Therapies

Data on second-line therapies were collected from the 
medical records, including the following:

- Therapy modalities: re-resection or re-irradiation [re-
RT] and systemic therapy.

- Details of systemic therapy: substances used, their dos-
ages (mg), number of completed therapy courses.

- Details of re-RT, including the mode (focal re-RT) and cu-
mulative dosage (Gy).

- Timing of second-line therapy: the interval (in days) 
from the last TMZ intake as the end of first-line therapy 
(CeTeG protocol) to the initiation of second-line therapy.

In patients undergoing TMZ rechallenge, 8 cycles (up to 
200 mg/m2 body surface area) were planned and adminis-
tered using the 5/28 schedule, as implemented in the NOA-
04 trial,18 aiming to ensure adequate treatment duration 
while minimizing the risk of cumulative toxicity associated 
with prolonged exposure to alkylating chemotherapy. The 
decision to pursue combination treatments (TMZ + RT and/
or re-resection) was made by a multidisciplinary tumor 
board, considering specific patient and disease factors. 
Combination therapies were generally favored for patients 
with good clinical performance status (KPS of at least 70%) 
and a significant stable interval since first-line therapy (a 
minimum of 1 year since primary RT was required for local 
re-RT). Re-craniotomy was particularly considered when 
complete resection of the progressive tumor was deemed 
feasible.

Hematotoxicity occurring under TMZ rechallenge was 
assessed and graduated according to the Common 
Terminology Criteria for Adverse Events version 5 
(CTCAEv5).19 Patients that had bevacizumab treatment for 
recurrence were treated with 10 mg/kg bodyweight every 
14 days.

Statistics/Data Analysis

Statistical analyses were conducted using SPSS (Version 
29.0.0.0, IBM) and Prism (Version 10.4.0, GraphPad). 
Descriptive data analysis included the calculation of fre-
quencies and median values for selected variables, ac-
companied by either the range or, where appropriate, 
the interquartile range (IQR). Kaplan-Meier survival anal-
ysis was employed to determine median survival times 
and 95% confidence intervals (CI), as well as to report 
the number of patients at risk, indicating how many re-
mained under follow-up at specified time points. Logistic 

regression analysis was used to assess the association 
between time (defined as days from the end of first-line 
therapy to the start of second-line therapy, treated as a 
continuous variable) and the likelihood of achieving a 
therapy response (SD or PR, treated as a categorical vari-
able). Cox regression analysis was performed to evaluate 
the relationship between PFS-2 and time from the end of 
first-line therapy to the start of second-line therapy, treated 
as a continuous variable. A P-value <.05 was considered 
statistically significant.

Ethics Statement

Ethical approval was not required for this retrospective 
monocentric study in accordance with local and national 
guidelines. Personal data have not been disclosed to third 
parties at any time.

Results

Demographics and Progression Assessment

A total of 70 patients were included in this analysis. The 
median age was 59 years (range: 31-74), with 91.4% of the 
patients being 70 years or younger. Females comprised 
42.9% of the cohort. At first surgery, total resection had 
been achieved in approximately half of the patients (52.9%), 
while biopsy was performed in 20%. The median postop-
erative KPS was 90 (range: 40-100), with the majority of 
patients (94.3%) having a KPS of at least 70. Recurrence 
was documented in 55 of 70 patients (78.6%), while 9 pa-
tients showed no progression to date (median follow-up 
32.5 months), and 6 were lost to follow-up. Among the 55 
patients with confirmed progression, 40 (72.7%) initiated 
second-line therapy, 8 (14.5%) received best supportive 
care, and 7 (12.8%) did not undergo second-line therapy 
due to early death related to progression. Baseline charac-
teristics are summarized in Table 1.

Second-Line Therapies

Among patients initiating second-line therapy (N = 40), 5 
patients (12.5%) underwent re-resection with 3 patients 
achieving total resection. Fourteen of 40 patients (35%) re-
ceived focal re-RT with a median dosage of 37 Gy (range: 
18-60). Notably, a significant proportion of patients (12/40, 
30%) underwent combined second-line therapy. This in-
cluded re-RT combined with systemic therapy in 8 patients, 
re-resection combined with subsequent systemic therapy 
in 3 patients, and a combination of re-resection, re-RT, and 
systemic therapy in 1 patient (Figure 1).

Systemic second-line therapy was administered to 
33 patients (82.5%). The most common regimen was a 
TMZ rechallenge (5/28 scheme), given to 24 patients 
as single systemic agent (72.7%), while 2 patients re-
ceived TMZ in combination with other systemic therapies 
(meclofenamate20 in 1 patient and CCNU in the other). 
The remaining patients received bevacizumab (10 mg/
kg body weight) in 4 cases, CCNU plus bevacizumab in 1 
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case, regorafenib in 1 case, and larotrectinib in 1 case. In 
patients receiving TMZ rechallenge, the treatment settings 
were as follows: TMZ was applied as a monotherapy in 15 
patients (57.7%), combined with re-RT in 8 patients (30.8%), 
applied after re-resection in 2 patients, and 1 patient re-
ceived re-resection that was followed by re-RT and TMZ 
rechallenge (Figure 1). Supplementary Table 1 provides 
more detailed information (RT and TMZ dosages) on com-
bination therapies including TMZ.

Tolerability of TMZ Rechallenge after First-Line 
CCNU/TMZ

The median dose of TMZ was 200 mg/m2/d (5/28 scheme) 
of body surface area (range: 100-200 mg/m2), with a me-
dian of 6 therapy cycles (range: 1-8). Eleven patients 
(42.3%) completed 8 therapy cycles, and 1 patient has com-
pleted 6 cycles of therapy, and treatment is still ongoing 

(indicated by the upper dark blue bar in the swimmer’s plot 
of Figure 2A). The most common reason for discontinuing 
TMZ rechallenge before the eighth cycle was tumor pro-
gression, occurring in 11 patients (42.3%). Additional 
reasons included hematotoxicity in 1 patient, withdrawal 
by 1 patient, and symptomatic varicella zoster infection in 
another.

The majority of patients receiving TMZ rechallenge 
did not experience grade 3 or 4 hematotoxicity as per 
CTCAEv5 (20/26; 76.9%, Figure 2B). Grade 3 toxicity was 
observed in 3 patients, while grade 4 toxicity occurred in 2 
patients (combined 19.2%). Specifically, 3 patients experi-
enced grade 3 thrombocytopenia, 2 had grade 4 thrombo-
cytopenia, and 1 developed grade 3 neutropenia. Notably, 
1 patient required a platelet transfusion. Dose reductions 
of TMZ due to hematotoxicity were implemented in 5 pa-
tients. Hematotoxicity data were unavailable for 1 patient 
(Figure 2B).

Response to Recurrence Therapy and Outcome

Patients undergoing TMZ rechallenge alone (n = 15) ex-
perienced PR in 3 cases (20%) and SD in 5 cases (33.3%), 
while 5 patients had PD (33.3%, Figure 3A). Response eval-
uation was unavailable for 2 patients (13.3%). The median 
PFS-2 for patients treated with TMZ alone was 8 months 
(95% CI 0.2-15.9), and the median OS after first progres-
sion was 11.9 months (95% CI 5.1-18.7, Figure 3B,C). PFS-6 
was 50%, and 1-year OS was 45%. In comparison, the me-
dian PFS-2 for patients who underwent TMZ combined 
with re-RT and/or re-craniotomy was 6.9 months (95% 
CI 2.7-11.1) (Supplementary Figure 2A, P = .95, log-rank 
test), with a median OS of 14.9 months (95% CI 0.2-29.6) 
(Supplementary Figure 2B, P = .73, log-rank test).

The median interval from completion of first-line CCNU/
TMZ (ie, last intake of TMZ in first line) to progression was 
12.5 months (IQR: 8-18.4, range: 4.1-82.9). However, the 
median interval to the initiation of recurrence therapy 
(first TMZ dose) in all patients (n = 26) was 14.5 months 
(IQR: 9-20, range: 4.4-83.8), and 12.7 months (IQR: 9-19.2, 
range: 4.4-31.4) in patients achieving SD or PR, compared 
to 15.6 months (IQR: 11.1-20.9, range: 4.8-83.8) in those 
who did not achieve SD or PR. Logistic regression anal-
ysis showed no significant association between the time 
interval (last TMZ intake during primary therapy and first 
TMZ intake during recurrence therapy) and therapeutic 
response (odds ratio 0.97, 95% CI: 0.91-1.03; P = .34). 
Similarly, Cox regression analysis found no significant as-
sociation with PFS-2 (hazard ratio 0.99, 95% CI: 0.96-1.03; 
P = .84).

Among all patients receiving recurrence treatment, 50% 
achieved SD or PR as the best outcome. One patient had 
pseudoresponse upon bevacizumab therapy and was as-
sessed as PD. The median time to second progression 
(PFS-2) was 5.4 months (95% CI: 2.9-7.8), with a PFS-6 
rate of 47% (Supplementary Figure 1a). Median OS after 
first progression was 9 months (95% CI: 4.4-13.6) with a 
1-year OS of 45% (Supplementary Figure 1b). Outcome 
data of patients receiving other systemic therapy than TMZ 
or receiving re-RT or re-craniotomy only are provided in 
Supplementary Table 2.

Table 1. Data on age, sex, extent of resection (EOR), and post-
surgery Karnofsky performance score (KPS)

n = 70 patients

Age (years)

  Median (range) 59 (31-74)

  ≤70 (%) 64 (91.4)

Sex

  Female (%) 30 (42.9)

EOR

  Biopsy (%) 14 (20)

  Subtotal resec-
tion (%)

19 (27.1)

  Total resection 
(%)

37 (52.9)

KPS post-surgery

  Median (range) 90 (40-100)

  ≥70 (%) 66 (94.3)

Recurrence

  No recurrence 
(%)

9 (12.9)

  Lost to follow-up 
(%)

6 (8.5)

  Documented re-
currence (%)

55 (78.6)

Recurrence therapy n = 55 documented recurrence

  Best supportive 
care (%)

8 (14.5)

  No therapy due 
to death (%)

7 (12.8)

  Initiation of recur-
rence therapy (%)

40 (72.7)

The table provides descriptive statistics on recurrence frequency and 
associated treatments. Median values are reported with their respec-
tive ranges, while categorical data are presented as absolute numbers 
with percentage frequencies.
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Type of recurrence therapy Type of systemic therapy

TMZ Rechallenge and combinations

Systemic therapy
(22)

Re-craniotomy
(1)

TMZ (26)

Total = 33

Total = 26

6%

15.2%

78.8%

3.8%

7.7%

30.8%

57.7%

TMZ alone (15)

TMZ + re-RT (8)

TMZ + re-
craniotomy (2)

TMZ + re-RT + re-
craniotomy (2)

BEV (5)

other (2)

(8)

Re-RT (5)

(1)
(3)

Figure 1. The treatment modalities employed for recurrence therapies. On the left, a Venn diagram depicts the distribution of different treatment 
approaches, including systemic therapy, re-irradiation (re-RT), and re-resection, with overlapping regions indicating combination therapies. In 
the upper right corner, a pie chart shows the distribution of systemic therapies, highlighting temozolomide (TMZ) as the most frequently used 
agent (78.8%). The bottom right corner presents the spectrum of TMZ rechallenge and its combination with other modalities, such as re-RT and/
or re-resection.

A BTMZ cycles

P
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ts

progression
follow-up
other

0 2 4

number of cycles

6 8

hematotoxicity
no hematotoxicity

grade 3

grade 4

not available

hematotoxicity

19.2%

76.9%

Total = 26

Figure 2. (A) A swimmer’s plot displaying patients receiving TMZ rechallenge. Each bar represents 1 patient, with the x-axis indicating the 
number of completed cycles. An asterisk denotes tumor progression as the reason for discontinuation before the eighth cycle. A triangle marks 
discontinuation due to hematotoxicity, while a square represents other reasons for early discontinuation (withdrawal in 1 case and symptomatic 
varicella zoster infection in the other). (B) The frequency of hematotoxicity during TMZ rechallenge, assessed using CTCAE v5, is illustrated. For 1 
patient, data on hematotoxicity were unavailable and are shown as a white proportion.
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Discussion

This single-center retrospective study for the first time 
provides insights into salvage treatment strategies for 
chemo-sensitive MGMT-methylated GBM patients fol-
lowing combined CCNU/TMZ radiochemotherapy. The 
key findings suggest that TMZ rechallenge is a commonly 
used and safe salvage therapy with encouraging effi-
cacy. TMZ rechallenge alone resulted in SD or PR in >50% 
of patients, with a PFS-6 of 50% and a 1-year OS post-
progression of 45%. These results support the use of 
TMZ rechallenge as a viable second-line option for this 
lomustine/TMZ-treated patient population. However, the 
median time to second progression and the median OS 
time remain limited to approximately 8 months and 1 
year, respectively.

A significant proportion of patients (72.7%) with docu-
mented disease recurrence initiated second-line therapies, 
underscoring the feasibility of salvage treatment in this 
patient population. However, it is important to note that 
a substantial subset of patients either succumbed to their 
disease (with early death corresponding to PD) or received 
best supportive care, accounting for 12.7% and 14.4% of 
cases, respectively. These findings underscore the aggres-
sive nature and often rapid progression of GBM, even 
within the prognostically favorable subgroup characterized 
by MGMT promoter hypermethylation.

The predominant second-line treatment used was TMZ 
rechallenge, which was frequently employed in combi-
nation with other modalities (in 11/26 patients or 42.3%). 
The results indicate that TMZ rechallenge is safe, which 
is reflected by a high median number of completed TMZ 
cycles (6) and a low frequency (<20%) of clinically relevant 
hematotoxicity. Of note, only one patient experienced se-
vere hematotoxicity (grade 4 thrombocytopenia), which 
led to the necessity of a platelet transfusion. A consider-
able proportion of patients (42.3%) discontinued TMZ be-
fore the eighth cycle due to further disease progression, 
indicating limited efficacy in a substantial proportion of 
patients. Notably, the observed frequency of clinically rele-
vant hematotoxicity (19%)—defined as grade 3 or 4 throm-
bocytopenia or neutropenia—was higher than reported in 
the DIRECTOR trial,13 where 6 out of 104 (6%) patients ex-
perienced grade 3 or 4 thrombocytopenia or neutropenia, 
respectively. However, the comparison may be difficult 
to interpret, as patients in the DIRECTOR trial received a 
different treatment regimen (1 week on/1 week off, 7/14, 
with a starting dose of 120 mg/m2 body surface area vs 3 
weeks on/1 week off, 21/28, with a starting dose of 80 mg/
m2 body surface area). In the current analysis, half of the 
patients initiated the TMZ rechallenge with the maximum 
dose of 200 mg/m2 body surface area (5/28 regimen). 
Nevertheless, 3 of the 5 patients who experienced clinically 
relevant hematotoxicity completed all 8 therapy cycles 
after dose modifications, indicating that hematotoxicity did 
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1-year OS 45%
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6 12 18
monthsNumbers at risk

24 30 36 42
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Figure 3. (A) A pie chart illustrating the frequency of achieved therapy responses in patients receiving TMZ rechallenge, with categories de-
fined in detail in the Methods section. (B) and (C) present Kaplan-Meier curves for PFS-2 (progression-free survival from first to second progres-
sion, measured in months) and OS (overall survival from first progression to death), respectively. The dotted lines represent the 95% confidence 
intervals (CI). Numbers at risk are provided below the curves, indicating how many patients remained in follow-up at 6-month intervals. Within the 
Kaplan-Meier curves, PFS-6 (progression-free survival rate after 6 months) and 1-year-OS rate is highlighted.
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not jeopardize the feasibility of TMZ rechallenge. One pa-
tient discontinued TMZ due to grade 4 thrombocytopenia, 
and 1 patient discontinued after the fourth cycle due to PD. 
Apart from that, patients in this cohort had an inherently 
higher pre-exposure to chemotherapy as they were pre-
treated with combined lomustine/TMZ (median number of 
cycles in first-line: 6), which might explain a slightly higher 
rate of clinically relevant hematotoxicity.

Response rates were favorable (SD or PR in >50% of pa-
tients receiving TMZ rechallenge only) and comparable to 
the response rates reported in the DIRECTOR trial. Although 
objective response rates generally show an association 
with survival, the reporting of these categorical therapy 
responses may have inherent limitations, as they do not 
automatically convey information on the durability of a re-
sponse.21 In this study, a 6-month PFS rate of 50% was ob-
served in patients receiving TMZ rechallenge only, which is 
comparable to the PFS-6 rate seen in the DIRECTOR trial 
for MGMT-methylated patients (around 40%) and may be 
superior to the PFS-6 rate observed in MGMT-methylated 
patients receiving lomustine in the EORTC 26101 trial 
(30%).12 Additionally, 1-year OS rates were similar, with 
45% observed in this cohort versus 54% observed in the 
DIRECTOR trial and 50% in the EORTC 26101 cohort. Of 
note, the reported 1-year OS rate in the REGOMA trial15 for 
MGMT-methylated patients receiving lomustine is mark-
edly lower, around 25%. Overall, these results indicate that 
a TMZ rechallenge after first-line therapy with lomustine/
TMZ appears to be as effective as after first-line therapy 
with TMZ alone, suggesting that resistance to alkylating 
chemotherapy is not promoted by adding lomustine in the 
first-line setting.

The benefit of combination treatments at recurrence (ie, 
combining systemic therapies with other treatment mo-
dalities like re-RT or re-resection) is largely unknown and 
yet to be determined.7 In this study, the efficacy of TMZ 
rechallenge alone versus TMZ rechallenge combined with 
re-RT or re-resection appears to be similar. The slightly 
higher median OS in patients undergoing combination 
treatments (median 14.9 months vs median 11.9 months) 
might be explained by selection bias, as combination 
treatments are generally initiated in patients with better 
clinical fitness. Although the results should be interpreted 
with caution due to the low sample size (n = 15 patients 
receiving TMZ alone and n = 11 patients undergoing com-
bination treatments), they suggest that combining TMZ 
rechallenge with other treatment modalities is feasible but 
not necessary in all patients, as combination therapy is as-
sociated with similar efficacy while increasing the risk of 
toxicity.

Unlike in the DIRECTOR trial, no significant differences 
in therapy response or outcome were observed regarding 
the time interval between the last TMZ dose and the in-
itiation of second-line therapy. This may be explained by 
reduced statistical power (low sample size and retrospec-
tive analysis), as well as the fact that alternative therapies 
(eg, bevacizumab) are typically preferred in clinical prac-
tice for patients experiencing early progression. The latter 
point is reflected by a long median time from the last TMZ 
dose in first-line therapy to the first TMZ dose in second-
line therapy, which was 14.5 months (IQR: 9-20, range: 

4.4-83.8). In contrast, this time was less than 2 months in 
almost 40% of patients in the DIRECTOR trial.

This study is subject to the limitations inherent to a ret-
rospective analysis, including potential selection bias, 
and the relatively small sample size reduces the statistical 
power of the findings. Specifically, the cohort includes 55 
patients with documented tumor progression, of whom 40 
underwent salvage therapy. However, the narrow inclusion 
criteria provide a clear benefit in ensuring the study’s rele-
vance to this specific and well-defined patient subset—pa-
tients with GBM per WHO 2021 criteria, harboring MGMT 
promotor methylation, and receiving CCNU/TMZ as first-
line treatment. While these criteria enhance the precision 
of the conclusions, they also limit the generalizability to a 
broader GBM population. Consequently, the subgroup of 
patients receiving TMZ rechallenge only is low (n = 15), re-
stricting the interpretation of response and outcome find-
ings and complicating comparisons with other studies. 
Ultimately, however, the findings convey that TMZ-based 
treatment strategies at recurrence—both as monotherapy 
and in combination with re-RT—are feasible and can lead 
to meaningful responses in this subgroup.

To summarize, this study provides the first detailed de-
scription of salvage treatments in MGMT-methylated GBM 
following first-line treatment with lomustine/TMZ. The 
findings might alleviate the concerns regarding a lack of 
therapeutic options at recurrence, offering reassurance 
about the feasibility and efficacy of TMZ rechallenge as 
second-line treatment in this subset of patients.
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