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Abstract

Purpose: To evaluate safety, feasibility, and efficacy of template-assisted 1*’Ir-based stereotactic ablative brachyther-
apy (SABT), combined with surgery for peripheral non-small cell lung cancer (NSCLC).

Material and methods: Patients with pathologically confirmed operable peripheral NSCLC, who underwent tem-
plate-assisted SABT (30 Gy delivered in one fraction) and were scheduled for tumor resection 4-6 weeks after SABT were
included in this study. The perioperative adverse reactions of SABT were recorded to evaluate safety and feasibility of
SABT for neoadjuvant therapy. Dosimetric data from both simulated and actual plans were collected and compared.
Imaging with '8F-fluorodeoxyglucose-positron emission tomography/computed tomography (**F-FDG-PET/CT)
and dynamic contrast-enhanced computed tomography were scheduled before SABT and surgery to evaluate the effi-
cacy of the neoadjuvant therapy with SABT.

Results: Patients did not experience any serious adverse events. None of the patients had a delay in receiving sur-
gery. After 4-6 weeks, the indicators for the efficacy of neoadjuvant therapy significantly decreased in all patients: gross
tumor volume (p < 0.001), maximum standardized uptake value (p < 0.001), tumor blood volume (p < 0.001), and tumor
blood flow (p = 0.008). Dosimetric parameters in the delivered SABT plan slightly changed from the preoperative sim-
ulation, but the difference was not statistically significant (p > 0.05).

Conclusions: The efficacy of template-assisted SABT for neoadjuvant therapy was significant in operable periph-
eral NSCLC. Moreover, no serious adverse reactions were observed; when the coplanar template guidance technique
was applied, dosimetric parameters were in good agreement between the actual SABT plan and the preoperative

simulated plan.
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Purpose

Non-small cell lung cancer (NSCLC) accounts for ap-
proximately 80-85% of all lung cancers [1]. For operable
peripheral NSCLC, current guidelines recommend the
use of surgical treatment combined with chemotherapy,
radiotherapy, and/or other multidisciplinary treatment
modalities, with the basic treatment strategies gradually
transitioning to radical concurrent chemoradiotherapy
or neoadjuvant therapy, followed by radical surgery and
other comprehensive treatment regimens. Theoretically,
neoadjuvant radiotherapy can safely reduce the tumor
stage and volume, increase resectability, and reduce the
possibility of tumor cells spreading and colonizing during

surgery [2]. High-dose-rate brachytherapy can cause fatal
and desirable damage to tumor cells. After killing tumor
cells, it induces the expression of tumor-associated anti-
gen, disrupts the local inflammatory microenvironment,
stimulates effector T-cell reactivation, and remodels cel-
lular immunity, thereby exerting a distant anti-tumor ef-
fect on regional and distant metastases [3,4,5,6,7,8].

The primary objective of this preliminary study was
to examine the safety and feasibility of using stereotactic
ablative brachytherapy (SABT) as a neoadjuvant therapy
for a small cohort of patients with operable NSCLC. The
secondary objectives of this study were as follows: 1) To
evaluate the efficacy of the neoadjuvant therapy by com-
paring parameters obtained by positron emission tomog-
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raphy/computed tomography (PET/CT) and dynamic
contrast-enhanced computer tomography (DCECT) (tu-
mor volume, maximum standardized uptake value -
SUV,,.,» and volume of blood flow), and 2) To compare
the consistency of dosimetric parameters between the
preoperative simulated plan and the actual delivered
SABT treatment plan using the coplanar template guid-
ance technique.

Material and methods
Patients

This study was approved by the Research Ethics
Committee and was registered before initiation. Written
informed consent was obtained from all patients before
treatment. Patients aged over 18 years who were con-
firmed as having NSCLC (stage L II, or IIIA) by patholog-
ical biopsy and were considered to be acceptable for sur-
gical resection before enrollment were included. All the
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patients had the Eastern Cooperative Oncology Group
performance status score of 0 or 1 (on a 5-point scale, in
which higher numbers reflect greater disability).

Study design

The patients received template-assisted SABT, with
a risk-adapted fractionation schedule (30 Gy delivered in
one fraction). This dose was recommended by previous clin-
ical trials [9], and surgical resection was scheduled to resect
tumors 4-6 weeks after SABT. The primary endpoints were
safety and feasibility. The key secondary and exploratory
endpoints were the efficacy of SABT as neoadjuvant therapy
and the value of the template-guidance technique.

SABT process

Positioning was simulated using a CT-sim (Light-
Speed Plus 4, General Electric Company, Chicago, IL,
USA), and a mechanical arm was used to guide the copla-
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Fig. 1. Details of stereotactic ablative brachytherapy (SABT) process. A) shows a mechanical arm was used to guide the copla-
nar template. The mechanical arm, fixed on the patient transport sled, could move in the left-right, head-foot, and anterior-pos-
terior direction, and guide the template at any angle. The angle of the template displayed in real time on the tablet by means of
a sensor mounted inside the front end of the arm. B) shows the template used, which was made of resin material. The thickness
of template was 2 cm; the distance between the needle-holes on the template was 0.5 cm. The template was sterilized with
ethylene oxide sterilizer before SABT. C and D) show one patient during simulated-preoperative plan (SPP) scan and before
implementation of actual-operative plan (AOP). Vacuum bag cushion was used to keep patient in the same position. The angle
displayed on the tablet showed that the template remains the same in SABT process
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nar template to cover the tumor surface location; vacuum
bag cushion was used to keep the patient in the same po-
sition. The CT images were sent to the three-dimensional
(3D) radiotherapy planning system (TPS) (Oncentra 4.3,
Elekta, Sweden). All DICOM data were transferred to
Oncentra 3D-TPS via the local area network. After fusion
with the PET images, the gross tumor volume (GTV) and
organs at risk (OARs) were delineated by the attending
physician. Then, the physician created the simulated-pre-
operative plan (SPP), which was just a simulation and was
not implemented on the patients. The specific implanta-
tion number and depth of the implant needles as well as
the dwell position and duration of the ?Ir source should
be optimized according to GTV location. Needles were
positioned at 1-cm to 1.5-cm intervals and surrounded
the entire lesion. Disinfection, sterile drape spreading,
and topical infiltration anesthesia were then performed.
The needles were implanted according to the preopera-
tively planned needle path and depth. Screw caps were
used to fix the implant needles in place. Details are pro-
vided in Figure 1. The CT image was then transmitted
to the Oncentra planning system for the actual-operative
plan (AOP), and requirements were the same as those for
the SPP (Figure 2). SPP and AOP were completed on the
same day. After AOP was reviewed and approved by the
attending physician, the patients were sent to the treat-
ment room for brachytherapy. Immediately after radio-
therapy completion, the implant needles were removed,
and needle implantation site was wrapped with compres-
sion; a chest CT scan was performed again. After exclud-
ing pneumothorax and hemothorax, the patients were
returned to the ward to be observed for at least 24 hours.

Assessment of safety and feasibility

Acute or late adverse reactions were estimated by
referencing the Toxicity Criteria of the Radiation Ther-
apy Oncology Group/European Organization for Re-
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search and Treatment of Cancer. Feasibility was pro-
spectively defined as any delay in the planned surgery
for <30 days.

Assessment of neoadjuvant efficacy

Patients underwent PET/CT and DCECT imaging
before both SABT and surgery, and the results of the
two scans were compared. The comparison included the
following: 1) tumor volume (Vgry); 2) SUV,,,,; 3) tumor
blood volume (TBV); and 4) tumor blood flow (TBF). For
the analysis of the four types of data, if the difference was
statistically significant, SABT was considered as having
a significant treatment effect. Treatment response was
evaluated according to the Response Evaluation Criteria
in Solid Tumors (version 1.1).

Assessment of dosimetric parameters

We referred to several dosimetric parameters, such as

Vs, Vy, and mean lung dose (MLD), of radioactive seed

implantation and external radiation therapy as the evalu-

ation indicators. Doses were converted to the biologically
equivalent dose (BED) by applying the linear-quadratic
model, using an a/f ratio of 10 Gy for the GTV and 3 Gy

for the lungs [10,11,12].

1. Quality parameters of planning: with reference to the
quality standards for evaluating external radiation
treatment plans, we calculated the heterogeneity index
(HI) and conformity index (CI).

HI are used to evaluate the uniformity of the dose dis-
tribution. The calculation formula [13] is as follows:

HI = VGTV—REF - VGTV—LSREF
VGTV—REF

where Vry ger is the prescription dose volume received
by GTV and Vgry.qsrer is GTV volume after receiving

Actual needles

Fig. 2. Representative dose distributions for one patient for simulated (A - simulated-preoperative planning) and delivered
(B - actual-operative planning) stereotactic ablative brachytherapy (SABT) plans. The coplanar template, simulated needle
track, and actual implant needles have been marked with arrows. The green, red, blue, and yellow lines represent 45 Gy, 30 Gy,

20 Gy, and 5 Gy isodose curves, respectively
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1.5 times the prescribed dose; the ideal HI value is 1, and
as the plan becomes less uniform, the HI value decreases.

CI was used to describe the degree of conformity of
dose distribution. Its calculation formula [14] is as follows:

VGTV-REF
VREF

VGTV-REF
Cl= X
VGTV

where Vgry is GTV volume and Vg is the total volume

contained in the prescribed dose; the CI value is between

0 and 1. A CI closer to the ideal value of 1 means a high-

er coverage for the GTV, and a radiation treatment plan

with a CI higher than 0.60 is considered an optimal treat-

ment plan [15].

2. GTV parameters: Dy, (BED), the percentage volume
when receiving 100% and 150% of the prescribed dose
(Voo Vis0)-

3. Lung irradiation dose: V5 (BED), V,, (BED), and MLD
(BED).

Statistical analysis

Side effects, adverse events, and feasibility were con-
tinuously monitored. We assumed that SABT would not

Table 1. General conditions of patients and deta-
ils of implanting technique

Characteristic Patients (n = 16)

Age (years)

Mean + standard deviation 55.94 +8.53

Median (range) 58 (32-67)
Sex, n (%)

Female 7 (44%)

Male 9 (56%)
ECOG score (n)

0 8

1 8
Clinical stage (n)

| 2

Il 7

I 7
Location (n)

Left 7

Right 9
No. of needles

Simulated-preoperative planning 3(1-7)

Actual-operative planning 3 (1-6)
Time for implantation of needles (min) 19 (7-35)

ECOG - Eastern Cooperative Oncology Group

be feasible if the probability of surgery being delayed by
at least 30 days in > 25% of the patients. Here, we used
SPSS version 20.0 software (IBM Corp., Armonk, NY,
USA) and the paired t-test for comparing between the
two groups. Experimental data are expressed as the mean
* standard deviation (SD), and p values are two-sided,
with the significance level set at 0.05 for all analyses, un-
less otherwise noted.

Results
Patient and treatment characteristics

This report included a total of 16 patients recruited
during the period from January 2018 to June 2018. SABT
was performed without issues in all patients. The rele-
vant clinical characteristics of the patients and treatment
details are presented in Table 1.

Safety and feasibility

The perioperative adverse events are summarized in
Table 2. Patients did not experience any serious adverse
events. Three patients experienced minor complications
(one patient had blood in the sputum and did not require
any active intervention; one patient had a small amount
of pneumothorax and recovered spontaneously; one
patient had a hematoma in the lungs with a hematoma
scope of 2 x 3 cm, which resolved after symptomatic he-
mostatic treatment). None of the patients had surgical
contraindications at 4-6 weeks after SABT and were able
to undergo surgery as scheduled.

Neoadjuvant efficacy

Vervs SUV e TBE, and TBV changes from pretreat-
ment to 4-6 weeks after SABT are detailed in Table 3.
The pre-surgical primary GTV volume was significantly
smaller than the pre-SABT primary GTV volume. None
of the patients had CR (complete response), nine had PR
(partial response), five had MR (minor response), and
two had SD (stable disease). The reductions in the pri-
mary GTV of three patients were > 50% (Figure 3). The
pre-surgery values were significantly lower than those
pretreatment for SUV TBF, and TBV.

max’/

Dosimetric comparison of SPP and AOP

According to a comparison between SPP and AOP,
the dosimetric parameters for the GTV and the lung had

Table 2. Number of patients with toxic effects

Subtype Number of patients reporting Total
toxicity by grade
1 2 3 4 5

Pain 4 0 0 0 0 4
Pneumothorax 1 0 0 0 0 1
Post-operative 1 0 0 0 0 1
bleeding

Hemoptysis 1 0 0 0 0 1
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Table 3. Vi, SUV,, . TBF, and TBV for the primary GTV

Parameter Pretreatment Week 4 after SABT t D
(before surgery)

Very (cm?) 16.61 +7.30 9.84 +4.19 5.163 < 0.001

SUV,. 8.95 +2.21 4724221 7.642 < 0.001

TBF (ml/[100 g x min]) 97.44 £60.59 68.63 £31.86 3.083 0.008

TBV (ml/100 g) 21.58 £11.73 13.56 £7.25 5.271 < 0.001

GTV — gross tumor volume, Vin, — GTV volume, SUV,,,, — maximum standardized uptake value, TBF — tumor blood flow, TBV — tumor blood volume, SABT - stereo-

tactic ablative brachytherapy

Pretreatment PET imaging

4 weeks after SABT (before surgery)

Fig. 3. Patterns of radiologic response to neoadjuvant therapy with stereotactic ablative brachytherapy (SABT). PET and CT im-
ages of the chest of a 63-year-old male smoker, with stage IIB non-small cell lung cancer (NSCLC) before (A, C) and after (B, D)
the neoadjuvant SABT are shown. In the left panel, the pretreatment scan shows a primary tumor measuring 4.2 cm in diameter
(SUV ax = 14.20) in the left lobe of the lung (arrow). In the right panel, a scan performed 4 weeks after SABT (but before surgery)

shows shrinkage with a 52% associated tumor cavitation (arrow) (SUV,,, = 4.76)
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Table 4. Comparison of dosimetric parameters between the simulated preoperative plan and the delivered

SABT plan (mean + standard deviation)

Dosimetric parameter SPP AOP t p

GTV Dy, (BED) (Gy) 121.40 +0.49 121.12 +0.57 1.600 0.130
GTV Vig (%) 90.51 +0.36 90.46 +0.22 0.548 0.592
GTV Vi (%) 61.44 +2.81 62.31+2.52 -1.250 0.231
GTV HI 0.29 £0.04 0.28 +0.10 0.250 0.806
GTV Cl 0.83 £0.03 0.84 +0.03 -0.497 0.627
Lung MLD (BED) (Gy) 9.98 +2.35 10.32 +£3.95 —0.266 0.794
Lung Vs (BED) (%) 29.33£7.42 31.77 £7.47 -0.882 0.392
Lung V,, (BED) (%) 8.13£2.22 8.95 +1.98 -0.966 0.349

GTV —gross tumor volume, SABT — stereotactic ablative brachytherapy, BED — biologically equivalent dose, MLD — mean lung dose, GTV V,y, V5, — percentage vol-
ume of the GTV receiving 100% and 150% of the prescribed dose, Lung Vs, V,,— percentage volume of the lung receiving 5 Gy and 20 Gy, HI — heterogeneity index,
Cl — conformity index, SPP — simulated preoperative plan, AOP — actual operative plan

slight changes, but there was no statistically significant
difference (p > 0.05) (Table 4).

Discussion

Neoadjuvant radiotherapy has become a treatment
option for many cancers (e.g., rectal cancer), with the
goal of reducing the risk of local recurrence and improv-
ing resectability [16]. A retrospective study published
by Glover et al. [17] found that neoadjuvant therapy did
not increase intraoperative blood loss, operation dura-
tion, or in-hospital mortality rate compared with surgery
alone, and that the total perioperative complication rate
did not differ significantly between study groups. Cur-
rent studies suggest that brachytherapy has now become
a safe and effective treatment for inoperable early-stage
NSCLC [18]. However, this combination of brachyther-
apy as a neoadjuvant therapy for early-stage, operable
NSCLC has not been reported. We observed that the neo-
adjuvant treatment of SABT in patients with early-stage
lung cancer was associated with few acute adverse events
and did not cause a delay in any of the planned surgeries.
Therefore, it is possible that SABT can be used as a preop-
erative neoadjuvant therapy for patients with early-stage
NSCLC. Here, patients had significant reductions in the
Verv, SUV,. TBV, and TBF at 4-6 weeks after SABT.
In fact, eight out of 13 patients exhibited > 50% decrease
in tumor volume, indicating that the efficacy of SABT as
a neoadjuvant therapy was significant.

The implant needles serve as a channel for the
source to enter the tumor. Their implantation position,
angle, and depth are important factors that affect the
quality of SABT. It is difficult to accurately insert the
implant needles according to the preoperative simulat-
ed plan by simply relying on image-guidance technol-
ogy. Moreover, due to respiratory motion, obstruction
by the ribs, and the need to avoid important anatomical
structures, frequent adjustments are made to the implant
needles’ positioning during the implantation procedure,
which increases the possibility of complications. How
to accurately and effectively insert the implant needles

1921r

according to the preoperative simulated plan is one of
the main challenges of brachytherapy for lung cancer
treatment. Compared with purely manual operation, the
use of coplanar template guidance technology not only
reduces the dependence on the operator’s personal expe-
rience, but also improves the operating efficiency, while
also avoiding possible discomfort and complications as-
sociated with repeat adjustments of the implant needles
as well as avoiding repeat CT scans. Additionally, the co-
ordinate system established using the coplanar template
determines the target area of the tumor and provides in-
formation on the position and depth of each needle; this
ensures that the implantation position, angle, and depth
of each needle as well as the position of the ?Ir source in
the needle canals are consistent with those of the preop-
erative treatment plan. A study by Yang et al. [19] report-
ed that the irregular arrangement of the implant needles
limits further reductions in lung radiation dose during
brachytherapy for lung cancer. In this clinical study, a co-
planar template guidance technique was used to ensure
that the implanted needles were kept parallel to each oth-
er without offsets or crossover. These findings show that
SABT can effectively ensure lung radiation dose, reduce
the incidence of radiation pneumonitis and other compli-
cations, and reduce the perioperative risks of surgery.

Our study has some limitations. The sample size
considered in this interim report is small, and our study
was non-random. Moreover, the evaluation of parame-
ters for neoadjuvant therapy may have been insufficient,
and therefore caused a probable bias. However, these
data are still informative. They sufficiently assure us
that it is safe to continue the present clinical trial involv-
ing a combined treatment, which also provides reassur-
ance to other groups who are designing or conducting
similar trials.

Conclusions

Although these preliminary results are not sufficient
to support wide clinical application, they do provide an
early evaluation of the safety and feasibility of SABT as
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a neoadjuvant therapy in patients with operable NSCLC.
Additionally, it was validated that there was no statisti-
cally significant difference in the dosimetric parameters
in either the GTV or the OARs between the simulated and
delivered treatment plans. Therefore, we believe that the
coplanar template guidance technique can ensure good
consistency between the simulated and delivered SABT
plans, which provides an effective tool for delivering
brachytherapy for lung cancer.
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