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Abstract
Background: A more extensive surgical resection of glioma contributes to improved overall survival (OS)
and progression-free survival (PFS). However, some of the patients lost the chance of surgical resection
when the tumor involves critical structures.

Purpose: The present study aimed to assess the feasibility of neoadjuvant 125I brachytherapy followed by
total gross resection for initially inoperable glioma.

Methods:Six patients diagnosed with inoperable glioma due to invasion of eloquent areas, bi-hemispheric
diffusion, or large tumor volume received 125I brachytherapy. Surgical resection was performed when the
tumor shrank, allowing a safe resection, assessed by the neurosurgeons. Patients were followed up after
surgery.

Results:Tumor shrinkage after adjuvant 125I brachytherapy enabled a total gross resection of all six
patients. Four patients were still alive at the last follow-up, with the longest survival time of more than 50
months, two of which returned to a normal life with the KPS of 100. Another two patients got a
neurological injury with the KPS of 80 and 50, respectively. One patient with grade  glioma died 34
months, and another patient with grade  glioma died 40 months later after the combined therapy.

Conclusions: In the present study, the results demonstrated that 125I brachytherapy enabled a complete
resection of patients with initially unresectable gliomas. 125I brachytherapy may offer a proper
neoadjuvant therapy method for glioma.

Background
Gliomas are thought to originate from glial, stem, or neuronal precursor cells. According to histology,
World Health Organization (WHO) classi�ed glioma into four different grades (grade I-IV). Usually, grade I
to  gliomas are called low-grade gliomas, and grade  and  gliomas are called high-grade or malignant
gliomas[1]. For glioma, surgical resection was the �rst option.[1, 2] Numerous data con�rmed the
therapeutic e�cacy of maximal possible surgical reresection avoiding neurological damages in
improving progression-free survival (PFS) and overall survival (OS). However, due to the situation of
eloquent areas, bi-hemispheric diffusion, or large volume limitation, the extent of resection (EOR) is
limited[1, 3]. Recent studies suggested that preoperative chemotherapy could decrease the tumor volume,
thereby facilitating a safe and extensive resection[4, 5], which could prolong the PFS and OS of patients
with gliomas.

Gliomas easily recur due to the characteristic of diffusely in�ltrating spread from the origin site [6, 7].
Based on the characteristics, the local treatment with 125I is possible. Brachytherapy with iodine-125
seeds offered a safe and effective local treatment option for patients, including glioma located in the
eloquent brain[8–11]. Furthermore, 125I brachytherapy showed advantages on the tumor shrinkage as the
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125I seeds were inserted within the tumors, continuously releasing γ rays. However, the feasibility of the
therapy strategy, combining neoadjuvant 125I brachytherapy with followed surgical resection, has never
been thoroughly evaluated to our best knowledge. Thus, we undertook the present study to assess
whether neoadjuvant 125I brachytherapy could facilitate a safe total gross resection for patients with
initially unresectable gliomas and whether the combination therapy is effective.

Methods
All methods were performed in accordance with the relevant guidelines and regulations.

Patient Criteria
Patients' data were obtained from the database of hospital, spanned from January 1, 2016, to December
31, 2017. The retrospective study was approved by the Institutional Review Board of the local hospital
(Reference number: QYFY WZ LL 26579) with the informed consent waived. The inclusion criteria were as
follows: (1) Age≥18 years old; (2) Enhanced MRI or CT deemed unresectable gliomas upon neurosurgical
evaluation; (3) Combined therapeutic approach, consisting of neoadjuvant 125I brachytherapy and
subsequent surgical resection; (4) Availability of adequate laboratory examination information, including
hematologic parameters, clotting, hepatic and renal function, etc. Patients with glioma involved in the
brain stem or ependymal surface were excluded.

Iodine-125 Implantation
Iodine-125 seeds were implanted as we previously reported[11]. Brie�y, patients were �xed on the CT bed
safely with a negative pressure vacuum pad. Then, 125I seeds were implanted according to the pre-
implantation plan made with the computerized treatment planning system (TPS; Beijing Astro
Technology Ltd. Co., Beijing, China). Patients were required to stay in bed for 24 hours, and dehydration
medications were given for 7-14 days. After the implantation of the 125I seeds, patients received
outpatient examinations every two months. Examinations were evaluated by the neurosurgeons. Surgical
resection was carried out when the glioma shrank to a suitable size.

Results
A total of two males and four females were included in this study. The median age was 46 years old
(range 20-73). The median follow-up time from diagnosis was 32.5 months (range 21-47). The presenting
symptoms were headache in three patients, nausea in one patient, vomit in one patient, dizziness in one
patient, myodynamia decline in one patient, vision decline in one patient, language disorders in two
patients, and seizures in �ve patients. The median KPS was 85 (range 70-90). The anatomical location of
the tumor was frontal in four patients, parietal in one patient, and left hippocampus in one patient. Three
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patients had low-grade gliomas, and the other three patients had high-grade gliomas. One patient had her
�rst neuropathological diagnosis by biopsy; the other �ve patients were diagnosed with craniotomy. One
patient with recurrent glioma received surgical resection accompanied by external beam radiotherapy
(total dose 50Gy, 2Gy/time) and chemotherapy with Temozolomide (TMZ, 75mg/m2) before. One patient
received Bevacizumab treatment (400mg/time, 4 times total) before. The other four patients received 125I
brachytherapy as initial therapy. 125I seeds were implanted with TPS guidance, and veri�cation of the
dosage distribution was carried out immediately after the implantation (Fig. 1 and Fig. 2). All the patients
received the total surgical resection after the 125I brachytherapy with a median therapy interval of 6
months (range 2-23 months).

One patient with glioblastoma return to a normal life with a KPS of 100, who was still alive at the time of
the last follow-up (Survival time 50 months) (Fig. 3 and Fig. 4). Another patient with grade 
oligodendroglioma survived more than 51 months, with a KPS of 100, and was still alive at the time we
followed up. No Neurological symptoms were found in these two patients after the combination of
therapy. They were free from seizures after the combined therapy. Another two patients with grade III and
II gliomas were alive at the time we followed up (survival time: 33months and 31 months respectively),
with the KPS of 50 and 80, respectively. One patient (grade gliomas ) died with a survival time of 34
months. And, another patient with glioblastoma died with a survival time of 40 months.

Discussion
In the present study, we retrospectively analyzed patients with gliomas who were not suitable for surgical
resection of the tumors. A gross total resection after a signi�cant shrinkage of the tumor due to 125I
implantation was achieved in six cases, and the patients got a long survival time.

According to the European guidelines[2], surgery resection represents the �rst treatment option for
gliomas, aiming to perform a maximal tumor mass resection and avoid long-term neurological de�cits.
However, gliomas located in the eloquent cortex, deep structure, and corpus callosum or with a large
volume limited the extent of surgical resection, sometimes causing severe neurological de�cits.
Neoadjuvant therapy had been widely used in tumors downstage, which enabled a secondary
resectability[12]. Neoadjuvant therapy had been successfully used in biliary tract cancer, intrahepatic
cholangiocarcinoma, and hepatocellular carcinoma (HCC) [13–15]. Moreover, Marie Blonski and Jasmin
Jo’s studies con�rmed that neoadjuvant Temozolomide therapy could shrink the tumor, which enables a
surgical resection of gliomas [4, 5, 16].125I brachytherapy was emerging as a new therapy approach for
tumors[17–21] and also had been used in gliomas therapy, primarily as salvage therapy. 125I
brachytherapy showed effective local control of the gliomas. However, whether 125I brachytherapy could
be used as a neoadjuvant therapy approach for patients with unresectable gliomas was not explored.

In the present study, six patients received 125I brachytherapy. Surgical resection was not suitable for these
patients due to the location and volume of the tumors. Two patients received other therapies before, and
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four patients received 125I brachytherapy as initial therapy. Most patients showed noticeable tumor
shrinkage 2-8 months after the 125I brachytherapy regardless of the tumor type. After a complete
evaluation by the neurosurgeon, the six patients received total surgical resection of tumors at different
time points after 125I brachytherapy. One patient with glioblastoma returned to a normal life after the
combination of the therapy with a KPS of 100. No neurological system disorders were found after the
therapy. Now the patient got married and had a baby. Another patient with grade  oligodendroglioma
also got a KPS of 100 after therapy, and were free from seizure. Furthermore, at the time of the last
follow-up, the patient was ready for marriage. The two patients discussed above all faced a large tumor
volume before the surgery. After the therapy with 125I, the tumor volume decreased, which enabled a total
surgical resection. Among all the six patients received the combination therapy of 125I brachytherapy
followed by total surgical resection. Four of them were still alive at the time we last followed up, with a
survival time of more than 31 months. Only one patient had language disorders after the therapy.
Moreover, all the patients who survived were free from seizures. Two patients died with a survival time of
more than 34 months.

The results showed that 125I brachytherapy showed practical e�cacy in tumor shrinkage, enabling a
followed total surgical resection. No severe neurological damages were found after the combined
therapy. Furthermore, patients were free from seizures after the therapy. All the patients survived a long
time after the therapy. No matter for the recurrent or primary gliomas, the combination therapy showed
obvious e�cacy. However, only six patients were included in this study, among which included the low
and high-grade gliomas. A large amount of cases should be included in further studies.

Conclusions
The results were not able to offer statistically signi�cant. However, the results were positive and indicated
a promising therapeutic approach for gliomas. Thus, we believed that neoadjuvant 125I brachytherapy
followed by surgical resection might give opportunities to patients with gliomas.

Abbreviations
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Figure 1

Pre-implantation plan of 125I brachytherapy for a patient with grade IV glioma (a) The gross target
volume (GTV) was outlined with a red line, the clinical target volume (CTV) was outlined with a blue line.
Different colored lines showed the dose distribution. Additionally, the needle paths were designed with
TPS. (b) Pre-implantation dose volume histogram (DVH) of GTV and CTV. (c) Pre-implantation D100, D90,
D80, V150, V100, V90 of the GTV and CTV.
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Figure 2

Post-implantation veri�cation of 125I brachytherapy for a patient with grade IV glioma. (a-d) The gross
target volume (GTV) was outlined with a red line, the clinical target volume (CTV) was outlined with a
blue line. Different colored lines showed the dose distribution after 125I implantation. (e-f) 3D-
reconstruction of the CT-MRI infusion images after 125I implantation. (g) Post-implantation DVH of GTV
and CTV. (h) Post-implantation D100, D90, D80, V150, V100, V90 of the GTV and CTV.
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Figure 3

Brain MR images of the patients with grade IV glioma. Apparent diffusion coe�cient (ADC), diffusion
weighted image (DWI), T1WI-contrast, and T2WI-�air images of the brain showed the occupation of the
tumor, and severe brain edema around the glioma was showed on the images. 
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Figure 4

Brain MR images of the patients with grade IV glioma, 8 months after the 125I implantation. ADC, DWI,
T1WI-contrast, and T2WI-�air images showed the glioma shrink obviously after the 125I implantation. The
brain edema also improved compared with the brain images 8 months ago.


