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ABSTRACT

Background: Neuroblastoma (NB) is a type of cancer that often affects children. Surgical manage-
ment of smaller tumors (those less than 5 cm in size) poses unique challenges, making it difficult
to ensure thorough and effective treatment. The primary aim of our study is to develop and op-
timize a model for laser ablation specifically tailored for small NB tumors. Methods: Our research
model involves graft tissue to test various characteristics after the fiber optic ablation process. These
characteristics include the quality of laser beams, average power levels, and precise pulse timing.
Results: The heated-laser ablation procedure employed a laser energy of 1.0 mJ and power of 1.0
kW. An optimal setting of a high-quality beam at 60 with 18.5 watts of power and a 2.5 ms pulse
duration achieved an impressive tissue ablation rate of up to 95.8%. We also found that heated-
laser is more significant than frozen-laser ablation for the efficiency of enhancements, including an
optimal power, a 2-fold decrease of pulse time, and an increase to induce apoptosis (cell death)
in cancer cells and alters the collagen structure in the tumor microenvironment. Conclusion: The
proposed model may help optimize the development of this combined treatment method for solid

tumors, particularly in the design parameters of the graft tissue.
Key words: thermal ablation, neuroblastoma, fiber laser, laser ablation

INTRODUCTION

Neuroblastoma (NB) is one of the most common
solid tumors in infants and young children, which
accounts for about 15% of deaths related to tumors
in children»>. The adrenal gland is the most com-
mon primary location for NB (50%), while bone is
the main metastatic site>*. About one-third of NB
cases in children are smaller than 5 cm®. Though
small tumors are considered to be less likely to metas-
tasize, NB patients usually have poor prognosis even
when they have gone through complete treatment®.
Current NB treatment strategies include surgery,
chemotherapy, radiation therapy, stem cell transplan-
tation, and immunotherapy’-®. However, the role of
surgical resection in the treatment of primary tumors
smaller than 5 cm remains controversial due to the
lack of clear treatment strategies®.

Fiber laser is a type of laser that utilizes optical fibers
as the active medium to amplify light. In fiber lasers,
a laser beam is generated by passing high-intensity
light through a specially designed optical fiber, which
amplifies the light and produces a combined and fo-
cused beam. Fiber lasers have several advantages over
traditional gas lasers and solid-state lasers, including
higher efficiency, higher beam quality, and greater
flexibility in beam shape and output power®. These

characteristics make fiber optic lasers highly suitable
for various industrial, medical, and scientific applica-
tions, including thermal tumor ablation 10,

Thermal ablation is a minimally invasive technique
that has been recently used to destroy cancer cells
within solid tumors such as liver, thyroid, and kidney
tumors ' 2. During this procedure, a fiber optic laser
beam is delivered into the tumor, and the laser energy
is used to heat and destroy cancer cells '*. Fiber optic
lasers are particularly suitable for this application as
they can deliver precise and controlled power to the
tumor, minimizing damage to surrounding healthy
tissues 1012,

The high efficiency and beam quality of fiber lasers
also enable faster and more effective tumor abla-
tion !°. Additionally, fiber optic lasers can be used in
conjunction with other imaging technologies, such as
magnetic resonance imaging (MRI) or computed to-
mography (CT), to precisely guide the laser beam to
the tumor and monitor the ablation process in real-
time 1.

Generally, fiber laser is a promising technique for
tumor thermal ablation, providing higher accuracy,
efficiency, and flexibility than traditional laser sys-
tems. However, the optimization of this technique
has not been extensively studied in pediatric tumors
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such as brain tumors, hepatoblastoma, neuroblas-
toma, Wilms tumor, etc. This study aimed to culti-
vate and create artificial pediatric brain tumor (PBT)
models using actual pediatric PBT cell lines to inves-
tigate the properties of fiber optic lasers and the effec-
tiveness of combined laser and cryo- thermal ablation
methods in conjunction with the impact of modified
collagen in the tumor microenvironment of PBT. The
research primarily focused on optimizing the fiber op-
tic laser technology on PBT tissues (measuring beam
quality, high average power, and accurate pulse dura-
tion) to develop a new ablation system that is precise
and less risky than surgery. The expected outcomes
include minimal damage to the surrounding area and
precise measurement of temperature and tumor in-
jury level.

MATERIALS AND METHODS

Tissue preparation

Proper tissue preparation can help optimize the ab-
lation process. For example, appropriate hydration
of the tissue can improve thermal conductivity and,
therefore, the efficiency of the thermal laser ablation
process. An important characteristic to enhance is
better thermal conductivity. Tissue preparation can
improve the thermal conductivity of the tissue, which
can enhance the effectiveness of the thermal laser ab-
lation process. Dry tissue has lower thermal conduc-
tivity, which can result in uneven ablation and an in-
creased risk of thermal damage to the surrounding
tissues. Preparing the tissue with a saline solution
can help improve thermal conductivity and minimize
thermal damage.

Real-time tracking

Real-time monitoring of the tissue throughout the
process can help adjust laser parameters and ensure
optimal tissue ablation. Imaging techniques such as
ultrasound or MRI can be used to guide the procedure
and monitor the ablation process.

Operational principles of thermal genera-
tion in fiber laser

Understanding the mechanisms of cryo-ablation and
thermal laser ablation and how they affect the treated
tissue is crucial. This knowledge can help choose the
appropriate technique for a specific tissue type and
optimize the treatment parameters. The laser power
can impact the speed and extent of tissue damage.
Higher laser power can result in faster and deeper tis-
sue ablation but may also increase the risk of thermal
damage to the surrounding tissues. The appropriate

laser power depends on the tissue type and the desired
extent of tissue ablation. In laser devices, the power
is typically maintained at a constant level. The selec-
tion of laser parameters: For thermal laser ablation,
choosing the laser wavelength, power, and pulse dura-
tion can affect the depth and extent of tissue damage.
Optimizing these parameters can help achieve the de-
sired level of tissue ablation while minimizing dam-
age to the surrounding tissues. Similarly, for cryo-
ablation, optimizing laser parameters such as pulse
duration, laser power, and cryogen spray parameters
can help achieve optimal tissue ablation. The selec-
tion of laser parameters is an important aspect of op-
timizing the cryo-ablation and thermal laser ablation
processes. The selection of laser parameters can im-
pact the level and depth of tissue damage, as well as
the efficiency and effectiveness of the ablation process.
The wavelength of the laser beam can affect the depth
of tissue penetration and the extent of tissue dam-
age. Different wavelengths interact differently with
different types of tissues, and choosing the appropri-
ate wavelength depends on the tissue type and de-
sired outcome of the procedure. For example, a wave-
length of 532 nm is more absorbed by cancerous tis-
sues, while a wavelength of 1064 nm is more absorbed

by water-containing tissues.

RESULTS
High-quality beam optimization

We examined various configurations for the high-
quality beam (QB), gauging average power in watts.
For each setting, we noted the percentage of tissue ab-
lated. Throughout the study, we maintained a consis-
tent pulse duration of 2.5 ms. Our findings (Table 1)
suggest that elevating the QB settings correlates with
an increase in average power and tissue ablation per-
centage. However, pinpointing the ideal configura-
tion requires considering the specifics of the thermal
ablation process and may necessitate further experi-
mentation and assessment. To regulate the heat in the
laser QB, the laser beam was fine-tuned to showcase
variations in temperature distribution both with and
without laser application. This revealed pronounced
disparities, particularly along a diagonal trajectory, as
depicted in (Figure 1). Amplifying the QB settings
appeared to boost both the average power and the
percentage of tissue ablated. Significant temperature
distribution contrasts were evident between samples
treated with and without the laser, with the former ex-

hibiting a marked diagonal temperature pattern.
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Figure 1: Comparative Heatmaps lllustrating Tissue Temperature Distributions in the Absence and Presence of
Laser Ablation. Absence of Laser Ablation (left) and Presence of Laser Ablation with Gradient Laser Firing (right).
Both the tissue depth and width are represented on the Y and X axes, respectively, with a range from 4 to 96 units.

Table 1: Optimization of high-quality beam with a
fixed pulse duration of 2.5 ms for thermal ablation on
neuroblastoma tissue with n =25

QB Power (W) Tissue ablated (%)
10 12,5 44.5
20 15.2 50.9
30 16.8 61.4
40 17.5 73.6
50 18.1 80.1
60 18.5 95.8

Real-time optimization

To measure the amount energy delivered to tissue and
the depth of tissue penetration, we measure the pulse
duration. The duration of the laser pulse could affect
the amount of energy delivered to the tissue and the
depth of tissue penetration. A shorter pulse duration
results in higher peak power and may lead to more
precise tissue removal, while a longer pulse duration
can result in more thermal damage to the surrounding
tissue. The appropriate pulse duration depends on the
type of tissue and the desired level of tissue ablation
(Table 2).

The fixed QB is set to 40, and the pulse duration is
varied from 2 to 4 ms. The cell destruction depth and
survival rate were recorded for each pulse duration,
with a sample size of 25. The data show that shorter
pulses lead to higher peak power and more precise tis-
sue removal, while longer pulses can cause more ther-
mal damage to surrounding tissues.

Testing on the high-quality beam model for
thermal ablation

There’s a consideration about whether escalating QB
settings results in a higher cell mortality rate within
tumor formations. Our study utilized a QB where we
gauged the average power in watts and recorded the
percentage of tissue cell mortality. We maintained a
constant pulse duration of 2.5 ms throughout the ex-
periment. Our data (Table 3) suggests that amplify-
ing the QB setting doesn’t necessarily correlate with
an uptick in cell mortality within the tumor. Fur-
thermore, the cooling duration is relatively extended,
spanning between 5 to 10 seconds. Consequently, it’s
essential to deploy multiple cycles of the cryo-beam.
Subsequently, we assessed the vitality of regular cells,
newly acquired NB tissue, and 3D NB tissue derived
from these cells by determining the proportion of liv-
ing cells relative to the overall cell count. We com-
puted the mean cell vitality and its standard devia-
tion for each procedure and kind of tissue. Notably,
cryo-ablation tends to result in enhanced cell vitality
in comparison to thermal ablation for both standard
and NB tissues. This distinction is particularly more
noticeable in cryo-ablation concerning NB tissue and
3D cellular formations. Furthermore, the vitality rate
of cells in fresh NB tissue appears to be lesser than that
in 3D NB tissue when subjected to thermal laser pro-
cedures. It’s also evident that the duration required for
cryo-ablation exceeds that of high-temperature laser
ablation (Table 4).

The findings suggest that the fiber laser thermal abla-
tion technique surpasses the cryo-ablation approach
when it comes to tissue damage. On average, the
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Table 2: Optimization of pulse time with a fixed high-quality beam of 40 for thermal ablation on neuroblastoma
tissue, based on average cell destruction depth and tissue ablation diameter (n = 25).

Pulse Time (ms) Power (W)
2.0 50
2.5 40
3.0 35
3.5 30
4.0 25

Average cell destruction  Tissue ablation diameter

depth (mm) (mm)
4.2 8.9
4.0 8.5
3.8 8.1
3.5 7.5
3.2 6.8

Table 3: Optimization of the high-quality beam with a fixed pulse duration of 2.5 ms for cryo-ablation on

neuroblastoma tissue (n = 25).

QB Cooling time (s)
20 10

30 8

40 6

50 5

Icing Size (cm) Cell death (%)
1.5 30.5
1.2 35.7
0.9 39.2
0.7 43.8

Table 4: Comparison of cryo-ablation and laser ablation on normal tissues (n=5), fresh neuroblastoma tissues

(n=20), and 3D neuroblastoma tissue (n=5)

Normal tissue

Ablation technique Laser Cryo-
Average power (W) 50 50

Pulse time (ms) 2.5 2.5

Live cell (%) 9.21+0.6 90.3 + 0.6
Cell destruction (%) 56.7 £ 1.2 1.5+ 1.0
Treatment time (s) 24+ 1.6 15£1.5

Fresh tissue 3D tissue

Laser Cryo- Laser Cryo-

50 50 50 50

25 25 2.5 2.5
53+2.1 753 %21 39+£15 339+15
757 £3.4 57+34 81.3+42 1.3+42
3.8£0.7 18.8 £ 0.9 2.0+1.03 146 £1.1

thermal procedure takes 2.6 seconds to ablate the tis-
sue, eliminating the need for extra rounds for necrosis
processing. In contrast, the cryo-ablation approach
demands an extended average duration of 14.35 sec-
onds and additional cycles to yield comparable out-
comes (Table 5). Nevertheless, expanded studies with
a broader set of samples are essential to validate these
specifications.

Finally, we analyzed the characteristics of three var-
ied cancer tissues, spanning from soft to rigid. The
next trio of heatmaps exhibit the consequences of
laser ablation, with distinct yellow ovals highlight-
ing increased temperatures. The second heatmap
showcases a temperature surge reaching 75°C, im-
plying a heightened or extended laser application
compared to its counterparts. The third and fourth
maps, though bearing resemblance to each other,
peak at 70°C, showcasing a marginally reduced inten-

sity compared to the second one. Collectively, the last
three heatmaps portray varied intensities or spans of
laser ablation effects on tissue (Figure 2).

DISCUSSION

Modern tumor ablation methods aim for localized,
selective cancer cell destruction. The thermal abla-
tion approach is especially beneficial when surgical
interventions pose significant risks. Our focus was
on optimizing fiber laser ablation for neuroblastoma
(NB) tissues.
methods through the localized destruction of cancer-

The advancement of tumor ablation

ous tissue using thermal, mechanical, electrical, or
high-intensity focused ultrasound energy has demon-
strated selective destruction of cancer cells in targeted
areas°. The thermal ablation method is often em-
ployed in cases where cutting tissues with a scalpel

poses risks or difficulties, such as when the tissues
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Table 5: Comparison of the two thermal ablation techniques

Technique Average time (s)
Cryo- 14.35
Laser 2.6

Ablating cycles Destruction
3.5 Low
1 High

presenceof Laser Ablation

0iARENNBREL

Figure 2: Comparative heatmaps of cancer tissue temperatures before and after laser ablation; Temperature range
spans from 36.2°C to 36.8°C (before ablation); Temperature range for hardern tissue with heatmap spans from
36.5°C to 38.0°C. The temperature range here spans from 40°C to 75°C with mixed hard - soft cancer tissue. The
temperature range for soft cancer tissue is between 40°C and 70°C. The central region’s temperature elevation is
comparable to the second heatmap but doesn’t reach as high as 75°C.

are located near vital organs or major blood vessels '°.
This method can also be utilized when complete re-
moval of the tumor is not feasible or when the patient
is not medically fit to undergo major surgery'’. We
tried to optimize the use of thermal ablation, espe-
cially fiber laser ablation, in NB tissue in this study.
Until now, the use of thermal or cryo-ablation meth-
ods for cancer treatment based on 3D tumor models
remains an actively researched field '*-2°. The ther-
mal ablation method utilizes heat to directly destroy
target tissues and can be performed at different wave-
lengths. Tissues smaller than 5 cm, including small
tumors and other pathological tissues, can be effec-
tively destroyed by applying high temperatures di-
rectly to these tissues, resulting in efficient destruc-
tion of the internal cells. However, the cryo-ablation
method has shown less effectiveness due to the need
for longer cutting depths and the use of inappropriate
cutting probes. Further in-depth studies are needed
to determine the optimal approach for using the cryo-
ablation method.

The primary objective of this study was to investigate
the physical and mechanical effects on NB cells, eval-
uating the safety, efficacy, and potential outcomes of
the thermal ablation model (Figure 3). To substan-
tiate these findings and ascertain clinical relevance,
further research involving NB tissue samples in an-
imal models is imperative. Furthermore, our study
underscores the potential of thermal laser agents in
eliminating small NB tumors. Nevertheless, future

research should delve into comprehending the intri-
cate interactions within the peripheral region, encom-
passing the extracellular matrix, cancer-associated fi-
broblasts, infiltrating immune cells, and inflamma-
tory cytokines, to establish optimal therapies for NB
and other solid tumor malignancies.

CONCLUSION

Our research on in vitro testing using pediatric NB
tissue samples showed that in comparison to thermal
ablation methods, the hot thermal ablation method
resulted in higher tissue destruction levels. Addi-
tionally, it required fewer ablation cycles and had
a shorter average tissue removal time compared to
cryo-ablation. However, since this was an in vitro
study with a small sample size, further extensive re-
search is still needed in this field in the future.

LIST OF ABBREVIATIONS

NB: Neuroblastoma
PBT: Pediatric brain tumor
QB: High-quality beam
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Figure 3: The in vitro experimental setup model for the development of a neuroblastoma tumor thermal ablation
system incorporates a probe consisting of two essential components: 1) a thermal sensor and 2) a laser emitting
head. This model demonstrates that the thermal sensor head plays a crucial role in assessing the tumor’s loca-
tion, size, and density by measuring the temperature differential between the tumor and the adjacent healthy
tissues. Furthermore, the application of thermal ablation via a fiber laser has the potential to impact the tumor

microenvironment.
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Téi uwu héa qua trinh cat hay nhiét bang laser soi quang dé tang
cudng vi moi truong khéi u trong u nguyén bao than kinh

Nguyén Quynh Giang', Nguyén Duy Khang', Nguyén Tri Quéc', Pham Nguyén Cuéng?, Bui Chi Bao'-3",
Nguyén SiBao'"”

TOM TAT

Pat van dé: U nguyén bao than kinh (NB) Ia mét loai ung thu anh hudng dén tré em thusng gap.
Viéc phau thuat dé diéu tri va quan ly cac khéi u nho (dudi 5 cm) da dat ra nhiing thach thic va
gay khé khan cho viéc dam bdo diéu tri triét dé va co hiéu qua. Muc dich chinh ctia nghién clu
nay la phat trién va téi uu hda mo hinh cét hdy bang laser thiét ké riéng cho céc khéi u NB nho.
Phuong phap: Mo hinh nghién cliu clia ching toi st dung moé ung thu nuoi cdy dé kiém tra cac
dac diém khac nhau trudc va sau qua trinh cdt hay laser. Nhiing dac diém nay bao gém chat lugng
clia chum tia laser, muic cong sudt trung binh va thai gian phat xung chinh xac. Két qua: Qua trinh
cathty nhiét bang laser sttdung nang lugng laser 1,0 mJ va céng sudt 1,0 KW. Mic t6i uu clia chum
tia chat lugng cao la 60 vai cong sudt 18,5 watt va thdi lugng xung 2,5 ms da dat dugc ty 1é cat hay
md an tugng 1én téi 95,8%. Chung t6i cling phat hién ra rang cat hty nhiét nong bang laser cé
hiéu qua hon so vd&i cét hlly nhiét lanh bang laser vé hiéu qua tang cudng vi méi trusdng, thé hién
qua Vviéc gidm cong sudt toi uu, thai gian phat xung 2 lan, tang kha nang gay ra qua trinh chét theo
chu trinh trong té€ bao ung thu va gay ra cac bién déi cau tric collagen trong vi méi trudng khéi
u. K&t luan: Mo hinh nay c6 thé gitp t8i uu hoa viéc phat trién phuong phéap diéu tri két hop cho
cac khéi u rdn, thong qua cac thong sé thiét ké cia mé ung thu nudi cdy.

T khoa: cat hlly nhiét, u nguyén bao than kinh, laser sgi quang, cat hlily nhiét bang laser
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