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	 Temozolomide, an alkylating drug first adopted to treat patients with malignant 
gliomas, is actually an antineoplastic drug used in various regimens against childhood tumors. 
Treatment with temozolomide is an effective therapy for different childhood tumor types: brain 
tumors, neuroblastomas, Ewing’s sarcoma, and rhabdomyosarcomas. Temozolomide has been 
used both as monotherapy and in polychemotherapy in combination with epipodophyllotoxins, 
camptothecin analogues, platinum compounds, vinca alkaloids and radiotherapy. The present 
study analyzes the treatment schedules including temozolomide in different cancer pathologies 
by comparing the results, in order to evaluate the efficacy of each treatment modality.
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	 The use of  Temozolomide (TMZ) for the 
chemo-treatment of childhood malignancies has 
been larger than adults as it actually adopted in 
different malignancies other than brain tumors1-2. 
	 The purpose of the present manuscript is 
to describe the main pharmacological and clinical 
features  of TMZ with a focus on its efficacy in 
children with solid tumors.
Pharmacological features
	 TMZ is a cytotoxic drug belonging to 
the class of alkylating agents. The alkylating 
chemotherapeutics have the property of forming 
highly reactive carbocations intermediate that 
create covalent bonds with sites rich in electron 
density, such as phosphate, amine, sulfhydryl and 
hydroxyl groups1,3.

	 Consequently, their therapeutic and 
cytotoxic effects depend on the alkylation of 
reactive amines, oxygens and phosphates present 
in DNA. The precise cause of cell death associated 
with DNA damage is not known: cellular responses 
include cell cycle arrest and DNA repair attempts.
	 Specifically, TMZ is included in the 
triazene group and acts following its spontaneous, 
non-enzymatic activation in the methyl-triazeno-
imidazol-carboxamide metabolite (MTIC) and kills 
the cells in all phases of the cell cycle.
	 TMZ is administered orally and has a 
bioavailability approaching 100%. Its half-life 
is 1-2 hours, while its main metabolite, MTIC, 
reaches peak plasma concentration (150 ng / ml) 90 
minutes after administration and has a half-life of 2 
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hours. TMZ is not metabolized by the cytochrome 
P450 so it can be administered without risk of 
interaction with the common antiepiletic drugs4,5,6.
	 In urine it is possible to find a small 
amount of unchanged drug or its main urinary 
metabolite, imidazole carboxamide, which is 
inactive.
	 The toxicity includes nausea, vomiting, 
myelosuppression,  with leukopenia and 
thrombocytopenia (modest and reversible in 
1-2 weeks), myelodysplastic syndrome, flu-like 
syndrome7.
	 The less common adverse effects 
include liver toxicity, alopecia, flushing of the 
face, neurotoxicity and dermatological reactions. 
Following prolonged administration of TMZ, 
a greater risk of infection with Pneumocystis 
carinii has been reported; so, prophylaxis with co-
trimoxazole during treatment and up to 3 months 
from its interruption is recommended1,3,8.
TMZ in adults
	 TMZ is the first choice drug for the 
chemotherapic treatment of  adults with high-grade 
gliomas and is largely used following surgery  in 
combination with radiotherapy (RT)9,10,11.
	 However, Chamberlain highlights 
how TMZ used in the treatment of high-grade 
gliomas has palliative and non-curative efficacy. 
It is evident that treatment with TMZ results in 
a modest increase in survival when compared 
to radiotherapy alone or to the administration 
of other alkylating agents such as procarbazine. 
Specifically, TMZ results in an increase in survival 
of 2.5 months, for an average overall survival 
of 14.6 months. This result is determined by 
the resistance to chemotherapy that high-grade 
gliomas present, caused by the overexpression of 
the DNA repairing enzyme O-6-Methylguanine-
DNA Methyltransferase (MGMT). The expression 
of the MGMT enzyme is an index of the degree 
of methylation of the promoter region of the 
MGMT gene: a hypomethylation of the promoter 
correlates to a gene overexpression and therefore 
to a drug resistance. Secondary resistance is instead 
determined by exposure to alkylating agents and 
takes the form of mutations in DNA repair systems 
or in the selection and growth of tumor cell clones 
characterized by primary resistance mechanisms3.

TMZ in childhood tumors
Brain tumors
	 TMZ has  been  main ly  u t i l i zed 
fo r  the  t r ea tment  o f  embryona l  b ra in 
t u m o r s  ( m e d u l l o b l a s t o m a s ,  p r i m i t i v e 
supratentorialneuroectodermal  tumors - 
PNET, atypical rhabdoidteratoid tumors, 
ependymoblastomas and medulloepiteliomas)12,13.
	 In the case-studies reported by Wang et al. 
it was highlighted that out of 8 patients suffering 
from embryonal tumors, treated primarily with 
surgery followed by cranio-spinal radiotherapy 
and chemotherapy and in which there was a 
recurrence of the disease, the use of TMZ obtained 
an advantage in 4 out of 8 patients with a mean 
disease-free progression (PFS) of 15.7 months. The 
drug was administered at a dosage of 150-200 mg/
sqm/day for 5 consecutive days every 28 days14. 
	 In their study, Cefalo et al., evaluated 
the response to TMZ in children with high grade 
gliomas and recurrent medulloblastomas. The 
daily TMZ dose was divided into three daily 
administrations for 5 days every 28 days and, 
specifically: patients who have previously received 
treatment with high doses of chemotherapy and 
peripheral blood stem-cell rescue received a dose 
of 120 mg/sqm/day, which is then increased at 150 
mg/sqm/day if there are no side effects; patients 
who have received cerebrospinal irradiation 
without high-dose chemotherapy received a dose of 
180 mg/sqm/day; patients who have not previously 
been treated either with chemotherapy or with high-
dose chemotherapy receive an initial treatment dose 
of 200 mg/sqm/day. For the 40 patients treated, the 
results obtained were: 6 complete response (CR), 
11 partial response (PR), 10 stable disease (SD), 
and 13 progression disease (PD).  Progression-free 
survival (PFS) for all patients at 6 and 12 months 
was 30% and 7.5%, respectively, The average 
overall survival (OS) at 6 and 12 months was 
42.5% and 17.5%, respectively. Instead, among 
patients who had an objective response, disease-
free survival at 6 and 12 months was 70.6% and 
17.5% respectively, while the average overall 
survival at 6 and 12 months was 94% and 41.2%. 
On the basis of this treatment it was observed that 
responses to TMZ were obtained even at a dosage 
of 120 mg/sqm/day with a tolerable degree of 
toxicity. Furthermore, administration 3 times a 
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day was associated with a more lasting inhibition 
of the MGMT enzyme, since once-a-day dosing 
was associated with a greater ability to reactivate 
the MGMT enzyme15. 
	 TMZ has been also used in the context of 
a combination with oral etoposide.  In the study 
of Ruggiero et al. the combination TMZ and oral 
etoposide for medulloblastomas and PNETs has 
been evaluated. The schedule TMZ 150 mg/sqm/
day for days 1–5 and VP-16 50 mg/sqm/day for 
days 1–10  has been repeated every 28 days for a 
maximum of 12 cycles. The objective responses 
obtained were 1 CR and 1 PR among the 14 patients 
treated. However, the risk of second malignant 
diseases related to this combination therapy should 
be taken into consideration8. The combination 
TMZ and oral etoposide has been also utilized for 
malignant glial tumors. Ruggiero et al. reported 
only a marginal advantage from the association 
of an alkylating drug and a topoisomerase 
inhibitor, namely TMZ and etoposide. Regarding 
the response to therapy, the best response was 
represented by the stability of the disease; no CR 
or PR have been reported16.
	 In the study of Gururangan et al. the 
role of TMZ in the treatment of progressive 
low-grade gliomas, mainly of the optic pathway, 
was evaluated17. Previous treatment included 
commonly first-line and second-line chemotherapy 
based on vincristine, carboplatin, etoposide, and 
vinblastine18,19,20.
	 TMZ was administered at a dose of 200 
mg/sqm/day for 5 days every 28 days. The results 
showed a PFS at 2 and 4 years of 51% and 17% 
and an OS at 2 and 4 years of 97% and 71%, 
respectively. Out of 30 patients treated, 2 PR, 12 
SD, 1 MR, and 15 PD were registered. The toxicity 
was negligible17.  
	 Ridola et al. evaluated the role of 
methylation of the MGMT promoter in different 
treatment schedules. Limited efficacy has led to 
different patterns of administration. Based on the 
concept of metronomic therapy, the administration 
was evaluated for 21 days, with a 7-day break. The 
use of a chemotherapy cycle at a lower dosage, but 
of longer duration has shown a complete or partial 
inhibition of the enzyme MGMT. In patients treated 
with the 21-days schedule, greater inactivation 
of the MGMT enzyme was demonstrated with 
consequent reduction in drug resistance and 

inhibition of tumor angiogenesis. According to 
this rationale, TMZ was administered orally at 
a dose of 70 mg/sqm/day for 21 days every 28 
days in children with ependymomas and gliomas. 
Some patients received concomitant radiotherapy 
with chemotherapy treatment. The results showed 
2 PR, 14 SD, and 1 PD. Furthermore, by adopting 
this schedules a higher cumulative dose was 
administered without increasing the risk of 
toxicity2.
Neuroblastoma
	 TMZ has been initially utilized for the 
treatment of neuroblastoma as monotherapy. 
In the Rubie et al. phase II trial, TMZ has been 
administered at a dose of 200 mg/sqm/day for 5 
consecutive days every 28 days in 25 patients. Ten 
objective responses (CR + PR + MR) with mild/
moderate toxicity were reported21.
	 However, TMZ is more frequent used 
in combination with other antineoplastic drugs 
such as Topotecan (TOTEM). In 38 children with 
relapsed or refractory high-risk neuroblastoma, Di 
Giannatale et al. reported: 3 CR, 6 PR, 4 MR, 17 
SD, 8 PD. The PFS at 12 months was 42% and 58%, 
respectively. On the basis of these results, therefore, 
TOTEM treatment appears as a rescue treatment in 
children with advanced neuroblastoma22.
	 In the study by Kushner et al. the TMZ 
plus irinotecan therapeutic regimen was evaluated 
in 19 children with relapsed or therapy-refractory 
neuroblastomas. Specifically, the therapy included 
irinotecan intravenously for one hour in a dose of 
50 mg /sqm/day and TMZ orally 150 mg/sqm/
day for 5 days. The response to treatment was: for 
the 9 patients who had an incomplete response to 
induction therapy: 1 CR, 4 OR, 4 SD; for the 10 
patients with incomplete response to rescue therapy 
performed after relapse: 1 CR, 3 OR, 6 SD23.
	 In patients with topotecan-resistant 
neuroblastoma, the HD-CIT schedule (high dose 
carboplatin-irinotecan-TMZ) can be applied. 
According to the study by Kushner et al., 
administration of the HD-CIT schedule can be 
performed in patients who have not previously 
been exposed to irinotecan and/or TMZ using 
the following dosages: carboplatin 1000 mg/sqm, 
irinotecan 250 mg/sqm and TMZ 1250 mg/sqm. 
Objective responses in 17 out of 25 evaluable 
patients were registered24.
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Ewing sarcoma
	 TMZ has been utilized for the treatment 
of Ewing’s refractory sarcoma in combination 
with irinotecan (TEMIRI). In the study carried out 
by Casey et al., out of 19 patients with evaluable 
disease, 5 CR, 7 PR, and 7 PD were recorded25. The 
same efficacy rate was reported by Kurucu et al26.
Rhabdomyosarcoma
	 In the context of the treatment of relapsed 
rhabdomyosarcoma, the TMZ monotherapy has 
shown marginal activity while  the association of 
TMZ, vincristine and irinotecan (VIT), is much 
more satisfactory. Setty et al. in their study with the 
VIT reported an overall clinical benefit rate (CR + 
PR + SD) of 26.7%27.
TMZ and radiotherapy
	 In the Sirachainan et al. study TMZ-based 
therapy and radiotherapy were utilized for the 
brainstem intrinsic diffuse gliomas, followed by 
adjuvant treatment based on TMZ and cis-retinoic 
acid.
	 During RT (55.8-59.4 Gy fractionated into 
31-33 doses over 6-6.5 weeks)  patients  received 
concomitant TMZ at a dose of 75 mg/sqm/day for 
6 weeks.
	 Two weeks after completion of this first 
cycle patients received TMZ at a dose of 200 mg/
sqm/day for 5 days and cis-retinoic acid at a dose 
of 100 mg/sqm/day for 21 days in a 28-day cycle.  
Following the TMZ+RT scheme, 7 PR, 4 SD, and 1 
PD were registered. The EFS at 1-year was 41.7% 
± 14.2% with a mean progression time of 10.2 ± 
3 months; OS at 1-year was 58% ± 14.2% with a 
mean survival time of 13.5 ± 3.6 months28.
	 In the Chiang et al. study, patients 
with diffuse brainstem gliomas were divided 
into 2 groups: the first group in which the RT 
was followed by chemotherapy with TMZ (RT 
plus TMZ); the second group received RT and 
concomitant TMZ 75 mg/sqm/day followed by 
chemotherapy with TMZ (CCRT+TMZ).
	 In the group receiving RT + TMZ 
treatment, out of 10 patients, 2 PR, 1 MR, 6 SD, 
and 1 PD were reported. In the group receiving 
CCRT + TMZ treatment, out of 8 patients were 
registerted 2 PR, 3 SD, and 3 PD.
	 All patients presented disease progression: 
for the RT plus TMZ group EFS was 7.4 months, 
while in the CCRT plus TMZ group the  EFS was 
6.4 months.

	 Based on these results,  the addition of 
TMZ to RT did not seem to obtain an improvement 
for the prognosis of patients affected by brainstem 
gliomas29.
	 A similar result was observed by Rizzo et 
al.: TMZ was administered with concomitant RT 
at a dose of 75 mg/sqm/day and then at a dose of 
200 mg/sqm/day for 5 days every 28 days starting 
4 weeks after radiotherapy,and for 12 cycles.
	 The results of this study showed disease 
progression and death of 13 out of 15 patients in 
a 15-month follow-up, while 2 patients remained 
alive with disease progression.
	 For all patients, except one patient 
who died during radiotherapy treatment, disease 
progression occurred during adjuvant TMZ 
treatment.
	 The EFS was 7.15 months, while OPS 
was 15.6 months. Therefore, the study showed 
that the TMZ plus RT treatment did not result in 
better disease free survival than radiation treatment 
alone30.

Conclusions

	 TMZ is a drug of great importance in the 
treatment of different childhood cancers, especially 
in those patients who have not responded to the 
first-line treatment. The therapeutic schedules 
adopted are different and both the monotherapy 
and polychemotherapy have obtained significant 
clinical results in a wide range of tumors.
	 Based on the results obtained, TMZ may 
be a reasonable option to offer patients as salvage 
therapy.

Acknowledgments

	 This work was supported by “Sara un 
angelo con la bandana Onlus”

References

1.	 Goodman&Gilman, a cura di Laurence L. Brunton 
e Randa Hilal-Dandan. Le basi farmacologiche 
della terapia - Il manuale. Seconda edizione. 
Zanichelli. (2015).

2.	 Ridola V, Barone G, Lazzareschi I, et al.Feasibility 
Study of 21-day-on/7-day-off Temozolomide in 
Children With Brain Tumors. J Neurooncol.; 
103(1):147-53 (2011). https://doi.org/10.1007/



421 Ariano et al., Biomed. & Pharmacol. J,  Vol. 13(1), 417-422 (2020)

s11060-010-0371-x
3.	 Chamberlain MC. Temozolomide: Therapeutic 

Limitations in the Treatment of Adult High-Grade 
Gliomas. Expert Rev Neurother.; 10(10):1537-44 
(2010). https://doi.org/10.1586/ern.10.32

4.	 Ruggiero A, Rizzo D, Mastrangelo S, et 
al. Interactions between antiepileptic and 
chemotherapeutic drugs in children with brain 
tumors: is it time to change treatment? Pediatr 
Blood Cancer.; 54(2):193-8 (2010).  https://doi.
org/10.1002/pbc.22276

5.	 Chiaretti A, Ruggiero A, Barone G, et al. 
Propofol/alfentanil and propofol/ketamine 
procedural sedation in children with acute 
lymphoblastic leukaemia: safety, efficacy 
and their correlation with pain neuromediator 
expression. Eur J Cancer Care (Engl).; 
19(2):212-20 (2010). https://doi.org/10.1111/
j.1365-2354.2008.01006.x

6.	 Schreck  KC,  Grossman SA.  Role  of 
Temozolomide in the Treatment of Cancers 
Involving the Central Nervous System. Oncology 
(Williston Park).; 32(11):555-60, 569 (2018).

7.	 Kourelis TV, Buckner JC, Gangat N, Patnaik 
MM. Temozolomide induced bone marrow 
Suppression—A single institution outcome 
analysis and review of the literature. Am J 
Hematol.; 90(9):E183-4 (2015).   https://doi.
org/10.1002/ajh.24066

8.	 Ruggiero A, Rizzo D, Attina‘ G, et al. Phase 
I study of temozolomide combined with 
oral etoposide in children with recurrent or 
progressive medulloblastoma. Eur J Cancer.; 
46(16):2943-9 (2010). https://doi.org/10.1016/j.
ejca.2010.05.016

9.	 Stupp R, Gander M, S. Leyvraz S, Newland E. 
Current and future developments in the use of 
temozolomide for the treatment of brain tumours. 
The Lancet Oncology.; 2(9):552-60 (2001). 
https://doi.org/10.1016/S1470-2045(01)00489-2

10.	 Stupp R, Mason WP, Van den Bent MJ et al. 
Radiotherapy plus concomitant and adjuvant 
temozolomide for glioblastoma. The New 
England Journal of Medicine.; 352(10):987-96 
(2005).

11.	 Stewart LA. Chemotherapy in adult high-grade 
glioma: a systematic review and meta-analysis 
of individual patient data from 12 randomised 
trials. Lancet.; 359(9311):1011-8 (2002). https://
doi.org/10.1016/S0140-6736(02)08091-1

12.	 Li BK, Al-Karmi S, Huang A, Bouffet E. Pediatric 
embryonal brain tumors in the molecular era. 
Expert Rev MolDiagn (2020). https://doi.org/1
0.1080/14737159.2020.1714439

13.	 Chiaretti A, Aloe L, Antonelli A, et al. 
Neurotrophic factor expression in childhood 

low-grade astrocytomas and ependymomas. 
Childs Nerv Syst. 20(6):412-9 (2004). https://
doi.org/10.1007/s00381-004-0959-6

14.	 Wang CH, Hsu TR, Wong TT, Chang KP. Efficacy 
of temozolomide for recurrent embryonal brain 
tumors in children. Childs Nerv Syst.; 25(5):535-
41 (2009). https://doi.org/10.1007/s00381-008-
0781-7

15.	 Cefalo G, Massimino M, Ruggiero A, et al. 
Temozolomide is an active agent in children 
with recurrent medulloblastoma/primitive 
neuroectodermal tumor: an Italian multi-
institutional phase II trial. Neuro Oncol.; 
16(5):748-53 (2014). https://doi.org/10.1093/
neuonc/not320

16.	 Ruggiero A, Rizzo D, Attina‘ G, et al. Phase 
I study of temozolomide combined with oral 
etoposide in children with malignant glial 
tumors. J Neurooncol.; 113(3):513-8 (2013). 
https://doi.org/10.1007/s11060-013-1145-z

17.	 Gururangan S, Fisher MJ, Allen JC, et al. 
Temozolomide in children with progressive low-
grade glioma. Neuro Oncol.; 9(2):161-8 (2007). 
https://doi.org/10.1215/15228517-2006-030

18.	 Falsini B, Chiaretti A, Rizzo D, et al. Nerve 
growth factor improves visual loss in childhood 
optic gliomas: a randomized, double-blind, phase 
II clinical trial. Brain.; 139(Pt 2):404-14 (2016). 
https://doi.org/10.1093/brain/awv366

19.	 Falsini B, Chiaretti A, Barone G, et al. Topical 
nerve growth factor as a visual rescue strategy in 
pediatric optic gliomas: a pilot study including 
electrophysiology. Neurorehabil Neural 
Repair.; 25(6):512-20 (2011). https://doi.
org/10.1177/1545968310397201

20.	 Lazzareschi I, Ruggiero A, Riccardi R, et al. 
Hypersensitivity reactions to carboplatin in 
children. J Neurooncol. 58(1): 33-7 (2002). 
DOI:10.1023/a:1015853200090

21.	 Rubie H, Chisholm J, Defachelles AS, et al. 
Phase II Study of Temozolomide in Relapsed 
or Refractory High-Risk Neuroblastoma: A 
Joint SociétéFrançaise des Cancers de l’Enfant 
and United Kingdom Children Cancer Study 
Group–New Agents Group Study. J ClinOncol.; 
24(33):5259-64 (2006). DOI:  10.1200/
JCO.2006.06.1572

22.	 Di Giannatale A, Dias-Gastellier N, Devos 
A, et al. Phase II study of temozolomide 
in combination with topotecan (TOTEM) 
in relapsed or refractory neuroblastoma: A 
European Innovative Therapies for Children with 
Cancer-SIOP-European Neuroblastoma study. 
Eur J Cancer.; 50(1):170-7 (2014). https://doi.
org/10.1016/j.ejca.2013.08.012

23.	 Kushner BH, Kramer K, Modak S, Cheung N 



422Ariano et al., Biomed. & Pharmacol. J,  Vol. 13(1), 417-422 (2020)

K. Irinotecan Plus Temozolomide for Relapsed 
or Refractory Neuroblastoma. J ClinOncol.; 
24(33):5271-6 (2006).  DOI:   10.1200/
JCO.2006.06.7272

24.	 Kushner BH, Kramer K, Modak S, Cheung 
NK. High-Dose Carboplatin–Irinotecan–
Temozolomide:  Treatment  Opt ion for 
Neuroblastoma Resistant to Topotecan. Pediatr 
Blood Cancer.; 56(3):403-8 (2011). https://doi.
org/10.1002/pbc.22855

25.	 Casey DA, Wexler LH, Merchant MS, et 
al. Irinotecan and Temozolomide for Ewing 
Sarcoma: The Memorial Sloan-Kettering 
Experience. Pediatr Blood Cancer.; 53(6):1029-
34 (2009). https://doi.org/10.1002/pbc.22206

26.	 Kurucu N, Sari N, Ilhan IE.Irinotecan and 
Temozolamide Treatment for Relapsed Ewing 
Sarcoma: A Single-Center Experience and 
Review of the Literature. Pediatr Hematol 
Oncol.; 32(1):50-9 (2015). https://doi.org/10.31
09/08880018.2014.954070

27.	 Setty BA, Stanek JR, Mascarenhas L, et al. 
Vincristine, irinotecan, and temozolomide 

in children and adolescents with relapsed 
rhabdomyosarcoma. Pediatr Blood Cancer.; 
65(1) (2018). https://doi.org/10.1002/pbc.26728

28.	 Sirachainan N, Pakakasama S, Visudithbhan A, 
et al.Concurrent radiotherapy with temozolomide 
followed by adjuvant temozolomide and cis-
retinoic acid in children with diffuse intrinsic 
pontine glioma. Neuro Oncol.; 10(4): 577-82 
(2008). https://doi.org/10.1215/15228517-2008-
025

29.	 Chiang KL, Chang KP, Lee YY, et al. Role 
of temozolomide in the treatment of newly 
diagnosed diffuse brainstem glioma in children: 
experience at a single institution. Childs 
NervSyst.; 26(8):1035-41 (2010). https://doi.
org/10.1007/s00381-010-1106-1

30.	 Rizzo D, Scalzone M, Ruggiero A, et al. 
Temozolomide in the treatment of newly 
diagnosed diffuse brainstem glioma in children: 
a broken promise?. J Chemother.; 27(2):106-
10 (2015). https://doi.org/10.1179/197394781
4Y.0000000228


