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Abstract

Despite much progress in aggressive brain tumors, we are still failing to provide efficient cure. This is due to the complexity of brain
tumors, their heterogeneity& plasticity, and the neglected peritumoral microenvironment generated hyperactivity that facilitates
metastasis.

We have tested the effects of a combo of 2 anticancer drugs that associate anti-invasive therapy and cytotoxicity. Bumetanide (Bum)
is a NKCC1 sodium-potassium-chloride cotransporter inhibitor that restores brain inhibition & blocks hyperactivity. Mebendazole
(Meb), is a repositioned anti-helminthic drug with vincristine-like cytotoxic effects that attenuates Glioblastoma in human and
experimental animals. The combo efficiently reduced migration and produced massive neuronal apoptosis in our preclinical study.

Here, we report the results of a compassionate pilot case performed in an inoperable brain metastatic breast cancer patient after failure
of radio-chemotherapy, Herceptin and approved targeted therapies. The patient received 1mg/day and Meb at 200 mg three time a
day without any side effect. The combo rapidly reduced cortico-therapy, tumor size, motor deficit and diplopia during the 7 months
of treatment.

A rigorous trial is mandatory to progress: Our trial will associate Bum at in newly diagnosis pharmaco-resistant glioblastomas,
invasive meningiomas and brain metastasis. This may pave the way for the first anti-invasive tumor microenvironmental modulating
therapy in oncology, supporting a major new pharmaceutical market.
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Introduction

Glioblastoma remains uncurable with a 15-month median survival.
Many progresses were observed in the field of multimodal
imaging (including radiomics using artificial intelligence), robotic,
interventional technologies and radiotherapy. Moreover, deep
deciphering of molecular and cellular pathways was done using
next generation sequencing and more recently single cell analysis.
Despite this incredible number of innovations and data, we are

still failing. Standard glioblastoma therapy associate surgery,
radio-chemotherapy (temozolomide) and more recently high
frequency cranial stimulation (Tissue Treating Field, TTF) [1].
Most targeted therapy trials failed [2]. Recently some responses
were observed using ARN or CART-Cell immunotherapies [3],
but we are still facing relapses and inability to fully neutralize
local immunosuppression. Main bottlenecks for the cure are
glioblastoma heterogeneity/plasticity, extensive interactions with
the neuronal environment [4-6] and our inability to target the
peritumoral brain. Extensive observations suggest the presence of
extensive synaptic interactions between the tumors and cortical
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environment and hyperactivity that is generated and enhances
metastasis [7-9]. At the periphery of the tumor removed by the
neurosurgeon, peritumoral cells, being proliferating, dormant
or invading/migrating will pave the way for therapy resistance
and relapse. A subpopulation of GBM cells harbor neuronal
differentiation, migrate as neuroblast and establish synapses with
these peritumoral neurons. Clearly, in addition to killing tumor
cells, we need treatment that prevent metastasis by reducing
neuronal hyperactivity.

Several drugs have been shown to kill tumor cells [2, 10].
Microtubule acting drugs -including Mebendazole (Meb) - are
top scoring drugs to treat brain tumors according to the NCI-DTP
COM—PARE program of the National Cancer Institute (https://
dtp.cancer.gov/databases_tools/compare.htm). In experimental
conditions, Meb and related agents have been shown to kill cells
in brain tumors in experimental conditions [11-13]. In a phase 1
clinical trial, Meb had small effects on the median overall survival
[14]. Clearly, Meb is a good candidate to produce cell death in
tumors.

In contrast, anti-invasive efficient drugs are not available. The
sodium-potassium-chloride co-transporter NKCC1 has high
translational interest for GBM therapy. NKCC1 is expressed
on tumor cells and brain microenvironment actors including
astrocytes and microglial cells [15-16]. NKCC1 hyperexpression
in GBM is correlated with glioma grade and realizes a prognosis

biomarker in aggressive mesenchymal GBM [17] and is expressed
in meningiomas. NKCCI1 regulates invasion and migration
through its expression at the lamellipodium level and cell size
regulation [18]. It also regulates MMP expression, mesenchymal
aggressive phenotype, cytoskeletal dynamic that are multilevel
actors for invasion/migration. The highly specific NKCCI
inhibitor bumetanide (Bum) restores GABAergic inhibition
and block hyperactivity and seizures and has been shown to
efficiently attenuate brain tumors [16, 19]. Interestingly, high (CI-
) 1 levels and paradoxical GABA excitatory actions are present
in developing neurons but also in a wide range of pathological
conditions including cancers many disorders [20]. Recent
evidence suggests that tumor cell subpopulations share a lot of
features with immature neurons further stressing the importance of
GABA polarity shift dysfunction [21]. Bum has been used in many
experimental conditions and in clinical trials to treat epilepsy,
autism or neurodegenerative diseases [22-25]. Clearly, NKCCl1
inhibition is a major opportunity to target, the protumor neuro-
glioblastoma amplification loop, targeting the migrating tumor
cells and the neuronal activators (Figure 1). Here, we report a case
report in which we used a combo of 2 anticancer agents to treat
brain tumors, Mebendazole and Bumetanide. Early compassionate
testing is important before the initiation of phase 1 to 3 trials. It
provides the opportunity to detect in a non-statistical but clinical
way potential side effects and patient’s acceptance.

Figure 1: NKCC1: a multimodal target for GBM therapy: from “gliomacentric” to “neuro-glioblastoma networks” modulating therapy.
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Material and Methods

1 patient was treated with BUM alone and another with the combo
BUM+MEB as a compassionate trial once all classical treatments
had failed (radiotherapy and chemotherapy with TMZ).

Results
Case Reports

(Case 1) We first tested bumetanide alone in one relapsing right
temporal glioblastoma patient starting at 3 mg a day using a
titration strategy as done in Parkinson’s disease [26]. Headaches
quickly improved followed in 2 weeks by an improvement of
hemiplegia (from 2 to 3 motor quantification). Bum was prescribed
at 1 mg because of the non-acceptance of diuretic polyuria at 3 and
2 mg. At 2 months brain magnetic resonance imaging (MRI) was
stabilized. At 5 months, relapse was observed.

(Case 2) This prompt us to rethink the therapeutically strategy.
Early and fast improvement may be explained by the anti-oedema
impact of Bum [27, 28] and the delayed effect by its direct anti-
tumoral impact. However, a single anti-invasive agent strategy
is questionable consequently to GBM plasticity and the possible
switch to proliferation when invasive/migrating treatment is
stopped. Therefore, the best combination is to associate the anti-
invasive drug with a cytotoxic drug, even more so in highly
aggressive relapsing glioblastoma. We therefore combined Bum

with Meb that has demonstrated in-vivo and in-vitro effectiveness
against glioma models [11, 29]. Moreover, beside the cytotoxic
effect interesting modulation of autophagy, migration, immune
reprogramming has also been reported. Safety was validated
at high dose, in phase 1/2 trials in GBM, pediatric glioma and
meningioma [14]. Safe associations to temozolomide radiotherapy,
lomustine or Bevacizumab were also validated. From 10 to 100
mg/kg, it is nontoxic and well tolerated [30, 31].

Compassionate testing was done in a 35-year breast cancer brain
metastatic patient (right fronto-basal and left cerebellar). This
patient was previously treated by radio-chemotherapy, Herceptin
and many approved targeted therapies. Bum was prescribed at 1
mg a day & Meb at 200 mg, three times a day. Patient had right
hemiparesis (grade 3), diplopia, headaches resisting to 100 mg of
methylprednisolone corticosteroids. Similarly to the first patients,
headaches decreased quickly. In 2 weeks, motor deficit and
diplopia very significantly decreased making back autonomous
mobility at home. No hematological nor hepatic toxicity was
reported. MRI done 2 months after the initiation of the Bum/Bem
combination demonstrated a significative reduction of the tumor
volume (Figure 2). Positive clinical response was maintained
for 7 months. We stopped therapy at 8 months, warranting side
effects. Symptoms recured and the metastatic disease progressed.
Palliative cares were initiated, and the patient died 3 months later.

Figure 2: Breast cancer metastasis in the brain stem treated by Bum/Meb combination. MRI A) before therapy, B) at 2 months after

therapy.
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Discussion

We have validated at the preclinical level the synergistic impact
of Bum/Meb in glioblastoma models, especially demonstrating
efficacy and synergy in human tumoroid models, now the more
relevant models for human glioblastoma (Bourgeois et al in
preparation). Relying on these and a vast series of experimental
studies we tested the rationale of combining an apoptotic agent
and an anti-invasive drug that also efficiently blocks neuronal
hyperactivity. The pilot case suggests that the combo produced
little side effects and promising effects on attenuating deleterious
events associated with the tumor as well as a significant reduction
of tumor size.

We have designed a clinical trial associating Bum/Meb (Cytotoxic,
Anti-invasive and anti- Neuroglioma networks strategy: BM-
CAN trial). This trial is a phase I multi-center trial, associating
Bum Img each day with Meb 200 mg three time daily. It is
initiated before surgery in patients with putative glioblastoma.
Rational of pre-surgery intervention is to potentially neutralize
the pro-invasive effect of surgery. Patients will receive Bum/Bem
combination during radiotherapy and chemotherapy. This will be
maintained until progression. Objective is to validate safety of this
combination associated to classical temozolomide-radiotherapy-
TTF regimen. Beside newly diagnosed GBM, BM combination
will be also tested in invasive meningioma and brain metastasis
resisting to classical therapy.

Limitations of our study include the differences between the 2
patients and treatments. This however results from the fact that
we had to first test Bum, as this has not been tested on patients
with Brain tumors before. Also, the intrinsic heterogeneity of
brain tumors precludes generalizing results from metastasis to
other types of brain tumors, requiring therefore larger and more
representative trials.

Conclusion

Despite their limitations, present results are promising in showing
that the combination of these 2 generic drugs does not add novel
side effects resulting from the combination, a condition for their use
in larger trials. Bum/Mem combo is unique and patented by B&A
Oncomedical (PCT/EP2023/071102). We trust that combination
of drugs producing cell death and blocking hyperactivity to also
prevent metastasis are mandatory to efficiently treat brain tumors.
Our results might pave the way for an anti-invasive tumor micro
environmental modulating therapy, also supporting a major unmet
therapeutic need.

Acknowledgments

We are grateful to the Grenoble Hospital personnel and facilities
for the trial conduction. Funding essentially for the preclinical
study was provided by Ba-oncomedical - a startup dedicated to

developing treatments of brain tumors.
Ethical guidelines

The trial was approved by the Hospital ethical committee and by
the 2 patients.

Conflict of interests
FB has no conflict of interest.

Y B-A is the CEO and shareholder of Ba-Oncomedical but is not
paid by the startup.

References

1.  Roger S, Taillibert S, Kanner AA, Kesari S, Steinberg DM, et al. (2015).
“Maintenance Therapy with Tumor-Treating Fields plus Temozolomide
vs Temozolomide Alone for Glioblastoma a Randomized Clinical Trial.”
JAMA - Journal of the American Medical Association. 314: 2535-2543.

2. Elena O, Moreno-Murciano P, Oriol-Caballo M, Lépez-Blanch R,
Pineda B, et al. (2024). “Glioblastoma Therapy: Past, Present and
Future.” International Journal of Molecular Sciences. 25: 1-104.

3. Yangl, Zhou F, Ali H, Lathia JD, Chen P. (2023). “lImmunotherapy for
Glioblastoma: Current State, Challenges, and Future Perspectives.”
Cell Mol Immunomol 21: 1354-1375.

4. Thiebaud P, Hervey-Jumper S. (2024). “Central Nervous System
Regulation of Diffuse Glioma Growth and Invasion: From Single Unit
Physiology to Circuit Remodeling.” Journal of Neuro-Oncology. 169:
1-10.

5. Matthias O, Jung E, Sahm F, Solecki G, Venkataramani V, et al.
(2015). “Brain Tumour Cells Interconnect to a Functional and Resistant
Network.” Nature. 528: 93-98.

6. Venkatesh HS, Morishita W, Geraghty AC, Silverbush D, Gillespie SM,
et al. (2019). “Electrical and Synaptic Integration of Glioma into Neural
Circuits.” Nature. 573: 539-545.

7. Tara B, Yalgin B, Su M, Byun YG, Gavish A, et al. (2025). “GABAergic
Neuron-to-Glioma Synapses in Diffuse Midline Gliomas.” Nature.
2022.

8. VarunV, Tanev DI, Strahle C, Studier-Fischer A, Fankhauser L, et al.
(2019). “Glutamatergic Synaptic Input to Glioma Cells Drives Brain
Tumour Progression.” Nature. 573: 532-538.

9. Jochen M, Yu K, Luna-Figueroa E, Deneen B, Noebels J. (2024).
“Glioblastoma Disrupts Cortical Network Activity at Multiple Spatial
and Temporal Scales.” Nature Communications. 15: 1-18.

10. Wenlin C, Wang Y, Zhao B, Liu P, Liu L, et al. (2021). “Optimal
Therapies for Recurrent Glioblastoma: A Bayesian Network Meta-
Analysis.” Frontiers in Oncology. 11: 1-11.

11. De Michelle W, Gamble A, Hanson D, Markowitz D, Powell C, et al.
(2017). “Repurposing Mebendazole as a Replacement for Vincristine
for the Treatment of Brain Tumors.” Molecular Medicine. 23: 50-56.

12. Daniela M, Attina G, Mastrangelo S, Navarra P, Ruggiero A. (2023).
“Emerging Perspectives on the Antiparasitic Mebendazole as a
Repurposed Drug for the Treatment of Brain Cancers.” International
Journal of Molecular Sciences 24.

13. Emanuele AG, Triggiani L, Maddalo M, Lorenzo M, Frassine F, et
al. (2019). “Mebendazole as a Candidate for Drug Repurposing in
Oncology : An Extensive Review of Current Literature.” Cancers, 1-22.

4

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 10; Issue 3


https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.3390/ijms25052529
https://doi.org/10.3390/ijms25052529
https://doi.org/10.3390/ijms25052529
https://doi.org/10.3390/cancers12092334
https://doi.org/10.3390/cancers12092334
https://doi.org/10.3390/cancers12092334
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1038/nature16071
https://doi.org/10.1038/nature16071
https://doi.org/10.1038/nature16071
https://doi.org/10.1038/s41586-019-1563-y
https://doi.org/10.1038/s41586-019-1563-y
https://doi.org/10.1038/s41586-019-1563-y
https://doi.org/10.1038/s41586-024-08579-3
https://doi.org/10.1038/s41586-024-08579-3
https://doi.org/10.1038/s41586-024-08579-3
https://doi.org/10.1038/s41586-019-1564-x
https://doi.org/10.1038/s41586-019-1564-x
https://doi.org/10.1038/s41586-019-1564-x
https://doi.org/10.1038/s41467-024-48757-5.
https://doi.org/10.1038/s41467-024-48757-5.
https://doi.org/10.1038/s41467-024-48757-5.
https://doi.org/10.3389/fonc.2021.641878
https://doi.org/10.3389/fonc.2021.641878
https://doi.org/10.3389/fonc.2021.641878
https://doi.org/10.2119/molmed.2017.00011
https://doi.org/10.2119/molmed.2017.00011
https://doi.org/10.2119/molmed.2017.00011
https://doi.org/10.3390/ijms24021334
https://doi.org/10.3390/ijms24021334
https://doi.org/10.3390/ijms24021334
https://doi.org/10.3390/ijms24021334

Citation: F Berger, H Lahrech, Ben-Ari Y (2025) Treating Aggressive Brain Tumors with the Combo Bumetanide/Mebendazole: A New
Cytotoxic, Anti-Invasive Network Strategy. 10: 2305. DOI:10.29011/2574-7754.102305

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gary GL, Holdhoff M, Brem H, Joshi AD, Hann CL, et al. (2021).
“Neuro-Oncology Advances Diagnosed High-Grade Gliomas : Results
of a Phase 1.” Neuro-Oncology Advances. 3: 1-8.

Garzon-Muvdi T, Schiapparelli P, ap Rhys C, Guerrero-Cazares
H, Smith C, et al. (2012). “Regulation of Brain Tumor Dispersal by
NKCC1 through a Novel Role in Focal Adhesion Regulation.” PLoS
Biology. 10.

Brian RH, Sontheimer H. (2010). “Inhibition of the Sodium-Potassium-
Chloride Cotransporter Isoform-1 Reduces Glioma Invasion.” Cancer
Research.

Huaiyu S, Long S, Wu B, Liu J, Guangyu Li. (2020). “NKCC1
Involvement in the Epithelial-to-Mesenchymal Transition Is a
Prognostic Biomarker in Gliomas.” Peerd. 8: 1-14.

Paula S, Guerrero-Cazares H, Magafha-Maldonado H, Hamilla SM,
Ganaha S, et al. (2017). “NKCC1 Regulates Migration Ability of
Glioblastoma Cells by Modulation of Actin Dynamics and Interacting
with Cofilin.” EBioMedicine. 21: 94-103.

Jehad A, Kintner DB, Wang Q, Begum G, Clark PA, et al. (2012).
“Inhibition of Na-K + -2CI - Cotransporter Isoform 1 Accelerates
Temozolomidemediated Apoptosis in Glioblastoma Cancer Cells.”
Cellular Physiology and Biochemistry.

Ben-Ari Y. (2017). “NKCC1 Chloride Importer Antagonists
Attenuate Many Neurological and Psychiatric Disorders.” Trends in
Neurosciences. 40: 536-54.

Xinyue W, Liang J, Sun H. (2022). “The Network of Tumor Microtubes:
An Improperly Reactivated Neural Cell Network With Stemness
Feature for Resistance and Recurrence in Gliomas.” Frontiers in
Oncology. 12: 1-11.

Lemonnier E, N Villeneuve, S Sonie, S Serret, A Rosier, et al. (2017).
“Effects of Bumetanide on Neurobehavioral Function in Children
and Adolescents with Autism Spectrum Disorders.” Translational
Psychiatry. 7: 1-9.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Annalisa S, Borgogno B, De Vivo M, Cancedda L. (2021).
“Pharmacological Tools to Target NKCC1 in Brain Disorders.” Trends
in Pharmacological Sciences. 42: 1009-34.

Nouchine H, Zircher RNR, Rogier O, Ruest T, Hippolyte L, et al.
(2015). “Improving Emotional Face Perception in Autism with Diuretic
Bumetanide: A Proof-of-Concept Behavioral and Functional Brain
Imaging Pilot Study.” Autism. 19: 149-57.

Alice T, Nova P, Zalocusky KA, Kosti |, Bicak M, et al. (2021). “APOE4
-Related Alzheimer s Disease.” Nature Aging 1 (October): 932-47.

Damier P, C. Hammond, Y. Ben-Ari. (2016). “Bumetanide to Treat
Parkinson Disease: A Report of 4 Cases.” Clinical Neuropharmacology.
39.

Yan, Yiping, Robert J. Dempsey, and Dandan Sun. 2001. “Na+-K+-
Cl- Cotransporter in Rat Focal Cerebral Ischemia.” Journal of Cerebral
Blood Flow and Metabolism. 21: 711-21.

Xiaoyu S, Hou J, Xu H, Qu H. (2024). “Efficacy of Bumetanide in
Animal Models of Ischemic Stroke: A Systematic Review and Meta-
Analysis.” Aging. 16: 9959-70.

Yuan BR, Staedtke V, Aprhys CM, Gallia GL, Riggins GJ. (2011).
“Antiparasitic Mebendazole Shows Survival Benefit in 2 Preclinical
Models of Glioblastoma Multiforme.” Neuro-Oncology. 13: 974-82.

Vijay MP, Menon N, Chatterjee A, Tonse R, Choudhari A, Mahajan
A. (2022). “Articles Mebendazole plus Lomustine or Temozolomide
in Patients with Recurrent Glioblastoma : A Randomised Open-Label
Phase Il Trial.” EClinicalMedicine 49: 101449.

Krystal J, Hanson D, Donnely D, Atlas M. 2024. “Pediatric Blood
Cancer.” Pediatric Blood Cancer. 71.

5

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 10; Issue 3


https://doi.org/10.1093/noajnl/vdaa154
https://doi.org/10.1093/noajnl/vdaa154
https://doi.org/10.1093/noajnl/vdaa154
https://doi.org/10.1371/journal.pbio.1001320
https://doi.org/10.1371/journal.pbio.1001320
https://doi.org/10.1371/journal.pbio.1001320
https://doi.org/10.1371/journal.pbio.1001320
https://doi.org/10.1158/0008-5472.CAN-09-4666
https://doi.org/10.1158/0008-5472.CAN-09-4666
https://doi.org/10.1158/0008-5472.CAN-09-4666
https://doi.org/10.7717/peerj.8787
https://doi.org/10.7717/peerj.8787
https://doi.org/10.7717/peerj.8787
https://doi.org/10.1016/j.ebiom.2017.06.020
https://doi.org/10.1016/j.ebiom.2017.06.020
https://doi.org/10.1016/j.ebiom.2017.06.020
https://doi.org/10.1016/j.ebiom.2017.06.020
https://doi.org/10.1159/000339047
https://doi.org/10.1159/000339047
https://doi.org/10.1159/000339047
https://doi.org/10.1159/000339047
https://doi.org/10.1016/j.tins.2017.07.001
https://doi.org/10.1016/j.tins.2017.07.001
https://doi.org/10.1016/j.tins.2017.07.001
https://doi.org/10.3389/fonc.2022.921975
https://doi.org/10.3389/fonc.2022.921975
https://doi.org/10.3389/fonc.2022.921975
https://doi.org/10.3389/fonc.2022.921975
https://doi.org/10.1038/tp.2017.10
https://doi.org/10.1038/tp.2017.10
https://doi.org/10.1038/tp.2017.10
https://doi.org/10.1038/tp.2017.10
https://doi.org/10.1016/j.tips.2021.09.005
https://doi.org/10.1016/j.tips.2021.09.005
https://doi.org/10.1016/j.tips.2021.09.005
https://doi.org/10.1177/1362361313514141
https://doi.org/10.1177/1362361313514141
https://doi.org/10.1177/1362361313514141
https://doi.org/10.1177/1362361313514141
https://doi.org/10.1038/s43587-021-00122-7
https://doi.org/10.1038/s43587-021-00122-7
https://doi.org/10.1097/WNF.0000000000000114.
https://doi.org/10.1097/WNF.0000000000000114.
https://doi.org/10.1097/WNF.0000000000000114.
https://doi.org/10.1097/00004647-200106000-00009
https://doi.org/10.1097/00004647-200106000-00009
https://doi.org/10.1097/00004647-200106000-00009
https://doi.org/10.18632/aging.205910
https://doi.org/10.18632/aging.205910
https://doi.org/10.18632/aging.205910
https://doi.org/10.1093/neuonc/nor077
https://doi.org/10.1093/neuonc/nor077
https://doi.org/10.1093/neuonc/nor077
https://doi.org/10.1016/j.eclinm.2022.101449
https://doi.org/10.1016/j.eclinm.2022.101449
https://doi.org/10.1016/j.eclinm.2022.101449
https://doi.org/10.1016/j.eclinm.2022.101449

