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Could upfront temozolomide chemo
therapy postpone the need for
radiotherapy in young patients with high-risk low-grade gliomas?
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Gliomas are progressive and infiltrating primary brain
tumors. National Comprehensive Cancer Network points
out that for low-grade gliomas (LGGs) patients in a high-
risk group (<40 years old and subtotal resection), standard
strategies are maximum safe resection with radiotherapy
and adjuvant chemotherapy; however, the guidelines do
not address the question whether patients need adjuvant
therapy immediately after diagnosis because of RTOG
9802.[1] Temozolomide (TMZ) is one of the first-line
regimens used in LGGs chemotherapy, and results of
EORTC 22033-26033 have shown that compared to
TMZ chemotherapy, radiotherapy did not prolong
progression-free survival (PFS) in LGGs patients signifi-
cantly, and overall survival (OS) outcomes remain
unknown.[2] A 12-year follow-up for patients <40 years
showed that radiotherapy could cause significant treat-
ment-related side effects such as cognitive dysfunction.[3]

In young patients, the goal is to avoid cognitive impair-
ments; therefore, immediate post-operative radiotherapy
is questionable. We initiated an interventional study
(NCT02209428) and focused on response indicators
and neurocognitive function changes related to TMZ
chemotherapy to investigate whether we can use TMZ
to postpone radiation and delay potential cognitive
impairments.

NCT02209428 was initiated in 2014, as a prospective,
one-arm, open-label study in a single tertiary specialized
center (Glioma Surgery Division, Neurological Surgery
Department of Huashan Hospital, Fudan University)
in Shanghai, China. We enrolled LGGs patients under
40 years old with sub-total resected tumors in the eloquent
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areas. Chemotherapy was started within 2 weeks to
3 months after surgery and continued for six cycles.
Metronomic TMZ regimen was administrated from day 1
to day 21 at a dose of 75 mg·m�2·d�1, repeated every
28 days. Patients were followed up by magnetic resonance
imaging for tumor volume and neuropsychological
evaluation. The primary endpoint is objective response
rate (ORR), and objective response includes complete
response (CR), partial response (PR), and minor response
(MR).[4] Secondary endpoints include: (1) intensity of
response (IOR), defined as the ratio of maximum volume
reduction to residual volume after operation; (2) duration
of response (DOR) is used instead of PFS; (3) malignant
progression-free survival (MPFS), cognitive function
results, and the safety of chemotherapy. We estimated
54 patients were sufficient to provide 80% power and a
significance level of 5% to a detect difference in ORR
between isocitrate dehydrogenase (IDH) mutant and
wildtype groups. Fisher exact test was used for compar-
isons for ORR, and Wilcoxon-Mann-Whitney U test was
performed for comparison of IOR. Kaplan-Meier method
was used for DOR. A repeated mixed model was used
for comparison among cognitive test scores, which
could handle missing values. Unpaired t-test with Welch
correction was used for comparing our cognitive test data
with that in historical literature. For all analyzes, a P value
of <0.05 was regarded as significant. Statistical analysis
was done with SPSS version 19.0 (IBM Corp., Armonk,
NY, USA).

The final follow-up was completed on December 30th,
2019. A total of 65 patients receiving adjuvant TMZ only
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were recruited with a median follow-up of 39.6 months,
and 50 patients had a long-term evaluation with extensive
serial neuropsychological batteries. ORR was 37/65
(56.9%), including 22/65 (33.9%) PR and 15/65
(23.1%) MR, while there was 2/65 (3.1%) stable disease
and 26/65 (40.0%) progression disease. No CR occurred.
IDH mutant patients had a more obvious ORR compared
to IDH wild-type patients (64.3% vs. 11.1%, P= 0.004).
No correlation was seen between ORR and other
biomarkers such as 1p/19q codeletion, MGMT promoter
methylation, a-thalassemia mental retardation syndrome
X-linked (ATRX) loss, and telomerase reverse transcriptase
(TERT) mutation (P= 0.112, 0.291, 0.732, and 0.245,
respectively). IOR of IDH mutant patients was more
obvious than that of IDHwildtype patients (P= 0.023), and
IOR of 1p/19q codeletion patients was more obvious than
that of 1p/19q retain patients (P= 0.002). There was no
statistical difference in IOR for MGMT promoter methyl-
ation, ATRX loss, and TERT mutation (P= 0.188, 0.464,
and 0.577, respectively).

Based on the 2016 World Health Organization Classifica-
tion, diffuse astrocytoma, IDH-mutant and oligodendro-
glioma, IDH-mutant, and 1p/19q-codeleted can be
classified as IDH-mutant group, and diffuse astrocytoma,
IDH-wildtype as IDH-wildtype group. We found that
the IDH-mutant group had longer DOR than the IDH-
wildtype group (median DOR, 52.4 vs. 25.8 months; log-
rank P= 0.0007). 1p/19q codeletion group also had a
longer duration of response than 1p/19q retain group
(median DOR, 52.4 vs. 37.5 months; log-rank P= 0.049).
For histological features, both diffuse astrocytoma, IDH-
mutant and oligodendroglioma, IDH-mutant, and 1p/19q-
codeleted had a longer duration of response than diffuse
astrocytoma, IDH-wildtype (median DOR, log-rank
P: 44.5 vs. 25.8 months, 0.004; 52.4 vs. 25.8 months,
0.0003).

Malignant progression rate for IDH-mutant was 6/34
(17.7%), and that for diffuse astrocytoma, IDH-wildtype
was 44.4%. Malignant progression rate for oligodendro-
glioma, IDH-mutant, and 1p/19q-codeleted patients
Table 1: Cognitive test of young patients with high-risk low-grade glio

Follow-up time point (mean)

Items (1) (2) (3) (4) (5) (1)(2) (1)(3) (1

HVLT-R
Score 14.5 17.6 20.5 22.4 23.9 0.0004<0.0001<0.
POR 0.41 0.17 0.11 0.12 0.11 0.8970 0.2979 0.

TMT test
TMT A 54.4 37.8 37.0 31.8 31.5 0.0001<0.0001<0.
TMT B 180.7 107.2 92.0 94.1 80.1 <0.0001<0.0001<0.

COWAT
Animal 13.5 16.3 17.8 18.4 19.1 0.0005<0.0001<0.
Furniture 12.7 14.9 16.4 16.8 17.5 0.0185<0.0001<0.
Switch 12.3 15.6 17.1 17.4 18.0 <0.0001<0.0001<0.
MMSE 26.8 28.2 28.9 28.7 29.1 0.0047 0.0001 0.

Follow-up time point: (1) Before chemotherapy, (2) After chemotherapy, (3)
value: Mixed model. HVLT-R: Hopkins Verbal Learning Test-Revised; POR:
Aphasia Examination Controlled Oral Word Association; MMSE: Mini-Me
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was 2/22 (9.1%). Oligodendroglioma, IDH-mutant, and
1p/19q-codeleted also had a longer MPFS than diffuse
astrocytoma, IDH-wildtype (median MPFS, unreached
vs. 43.7 months; log-rank P= 0.025). MPFS for diffuse
astrocytoma, IDH-mutant was unreached.

TheOS follow-up time of the patients was not reached, and
gliomas recurred in 26 of 65 patients. Three patients
received TMZ chemotherapy for six cycles again and the
tumor remained stable. Eleven patients received radiother-
apy when the tumor recurred, with two patients eventually
dying. Eleven patients received radiotherapy and chemo-
therapy after re-surgery, with four eventual deaths. One
patient received re-surgery without radio-chemotherapy
and the tumor remained stable.

We analyzed the cognitive data at 5-time points: before
chemotherapy, after chemotherapy, 1 year after surgery,
2 years after surgery, and 3 years after surgery. Results are
presented in Table 1. The mean Hopkins Verbal Learning
Test-Revised (HVLT-R) score for each group is 14.5, 17.6,
20.5, 22.4, 23.9, and scores of 2 years and 3 years after
surgery were statistically higher than those of 1 year after
and before surgery. Although the mean HVLT-R score
of 3 years after surgery was higher than that of 2 years
after surgery, there was no statistical difference. There
was no statistical difference in the HVLT-R percentage of
retention among every group, implying that there was no
testing effect bias due to patient recall of testing material.
For Trail Making Test (TMT) time A, the mean time
consumption for each group was 54.4, 37.8, 37.0, 31.8,
and 31.5 s. For TMT time B, the mean time consumption
for each group was 180.7, 107.2, 92.0, 94.1, and 80.1 s.
Both TMT times A and B during follow-up showed that the
time to complete tests decreased gradually, and the patients
completed tests in a much shorter time compared to their
performance before chemotherapy. For Multilingual
Aphasia Examination Controlled Oral Word Association
(COWAT), the mean number of animal naming for each
group was 13.5, 16.3, 17.8, 18.4, and 19.1, and that for
furniture naming was 12.7, 14.9, 16.4, 16.8, and 17.5. At
the same time, the mean number for switch naming was
mas at 5-time points.

P-value

)(4) (1)(5) (2)(3) (2)(4) (2)(5) (3)(4) (3)(5) (4)(5)

0001<0.00010.0016<0.0001<0.00010.0492<0.00010.1999
3969 0.22910.6708 0.8893 0.63640.9949 0.98890.9230

0001<0.00011.0000 0.4741 0.00140.2871 0.01720.8346
0001<0.00010.1892 0.7349 0.39290.7938 0.99910.7854

0001<0.00010.2525 0.0769 0.05220.9067 0.64940.9435
0001<0.00010.3202 0.2475 0.09590.9979 0.72390.8863
0001<0.00010.2589 0.4120 0.10731.0000 0.85270.6244
0002<0.00010.0053 0.0488 0.01440.9455 1.00000.9419

1 year after surgery, (4) 2 years after surgery, (5) 3 years after surgery. P
Percentage of retention; TMT: Trail Making Test; COWAT:Multilingual
ntal State Examination.
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12.3, 15.6, 17.1, 17.4, and 18.4. COWAT showed that
during follow-up, the number of naming had statistically
increased as compared to that before chemotherapy. The
mean Mini-Mental State Examination (MMSE) score for
each group was 26.8, 28.2, 28.9, 28.7, 29.1, and scores of
1, 2, and 3 years after surgery were statistically higher than
those of before and after chemotherapy. Although the
mean MMSE score of 1, 2, and 3 years after operation
increased gradually, there was no statistical difference
among these three groups. We compared our patients with
patients undergoing early radiotherapy (NCCTG protocol
86-72-51), the cognitive dysfunction was significantly
lessened after chemotherapy.[5] (MMSE P= 0.0200; Audi-
tory Learning Test [AVLT]/HVLT-R total P= 0.0023,
TMT time Part A P< 0.0001; TMT time Part B
P< 0.0001). Additionally, we compared cognitive results
of patients receiving chemotherapy alone with that of 11
patients receiving post-operative radiotherapy with or
without adjuvant chemotherapy for patients’ choice or
other pathologies. The results showed an obvious improve-
ment inMMSE score, AVLT/HVLT-R total, andTMT time
Part B tests (MMSE P= 0.0242; AVLT/HVLT-R total
P= 0.0022; TMT time Part B P= 0.0108) [Supplementary
Table 1, http://links.lww.com/CM9/A500].

The TMZ chemotherapywas well tolerated by all recruited
patients, and all adverse effects could be relieved after
treatment. And no discontinuation of chemotherapy
occurred among all patients except one patient for Grade
3 thrombocytopenia. No patient had an alkylating agent-
related secondary tumor.

In our study, we found that IDH mutation and 1p/19q
codeletion are associated with better chemotherapy
response and better prognosis, and 64.29% of LGG
patients with IDH mutation can achieve partial or MR
after TMZ chemotherapy. This suggested that both IDH
mutation and 1p/19q codeletion are meaningful prognos-
tic markers, which can help decide whether the patient
needs to receive only chemotherapy at an early stage to
delay radiotherapy. We recommend that providers engage
with close follow-up of patients on upfront TMZ
chemotherapy after surgery, and cautiously decide the
addition of radiotherapy based on their response. Based on
the median DOR, it is possible that for the majority of IDH
mutant patients, TMZ chemotherapy alone can control
tumor progression for 4 years or longer. For the IDHwild-
type group, IOR and DOR showed poor response and
prognosis. This group of tumors biologically and clinically
resemble glioblastomas and therefore may need concurrent
chemo and radiotherapy at an early stage.

In our study, TMT time A and B and COWAT showed
that executive function, visual-spatial perception ability,
language proficiency, and plasticity of patients improved
at the end of chemotherapy. MMSE showed cognitive
function had statistically improved even 1 year after
surgery, and HVLT-R showed memory and attentional
function had statistically improved even 2 years after
surgery. This suggests that TMZ chemotherapy might not
cause obvious neurotoxicity, which leads to cognitive
impairment. Cognitive function can improve compared
with the time before chemotherapy. Comparison between
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our results to the prospective study with the similar group
of patients undergoing radiotherapy (NCCTG protocol
86-72-51) suggests that chemotherapy might protect
neurocognitive function better than radiotherapy. Thus,
it is worth considering upfront adjuvant TMZ chemother-
apy in biologically favorable groups early after tumor
resection to control tumor progression and delayed
radiotherapy intervention to prevent early potential
cognition decline in young high-functioning patients. To
investigate whether there is a difference in cognitive
function protection between radiotherapy and chemother-
apy, we need to carry out further clinical research.

We conclude that IDH mutation is a predictive factor for
better TMZ response and a prognostic factor for longer
survival. It might be possible that young patients with IDH
mutation could use upfront chemotherapy to postpone
radiotherapy until progression to avoid potential cognitive
impairments.
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