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Background: A proportion of patients with synchronous oligometastatic non-small cell lung
cancer (NSCLC) have poor survival, and currently no standard treatment is available, which
poses a great challenge to physicians. This study aimed to assess and compare the efficacy and
safety of the combination of brachytherapy with iodine-125 seeds and systemic chemotherapy
versus systemic chemotherapy alone for synchronous extracranial oligometastatic NSCLC.
Materials and Methods: After a systematic retrospective review of the case database
between 1st Mar 2014 and 30th Mar 2018, data were obtained on 69 NSCLC patients with
extracranial oligometastatic NSCLC. Among them, 32 patients received brachytherapy with
iodine-125 seeds combined with systemic chemotherapy (group A), and the remaining 37
patients received chemotherapy alone (group B). The primary endpoint was overall survival
(0S), and the secondary endpoints included progression-free survival (PFS), objective
response rate (ORR), and complications.

Results: The demographic and clinical characteristics were not significantly different
between the groups (all p>0.05). The overall 3-month ORR was significantly higher in
group A (65.6% vs 37.8%, p=0.030) than in group B. With a median follow-up time of 23
months, the PFS and OS were 11.6 (95% CI: 7.0-16.2) months vs 6.3 (95% CI: 3.4-9.2)
months (p=0.036) and 17.6 (95% CI: 13.9-21.3) months vs 11.2 (95% CI: 7.7-14.7) months
(»=0.042) in groups A and B, respectively. Furthermore, in Cox regression analysis, local
brachytherapy was an independent prognostic factor for both PFS (HR=0.416, 95% CI:
0.246-0.702, p=0.001) and OS (HR=0.375, 95% CI: 0.216-0.653, p=0.001). Severe com-
plications were not observed in either of the groups.

Conclusion: The combination of brachytherapy with iodine-125 seeds and systemic che-
motherapy is superior to chemotherapy alone for synchronous extracranial oligometastatic
NSCLC.
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Introduction

Approximately 75% of non-small cell lung cancers (NSCLCs) are diagnosed after
the disease has reached an advanced and unresectable stage,' and lose the oppor-
tunity of undergoing a curative treatment. Although chemotherapy has been shown
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to improve survival by approximately 2—3 months in ran-
domized clinical trials,” these patients have generally been
considered incurable, with poor overall survival (OS) and
progression-free survival (PFS).> Even so, how to improve
the survival rates remains a major challenge in the man-
agement of patients with metastatic NSCLC.
with NSCLC
a heterogeneous group, and some studies have suggested

Patients metastatic comprise
that local consolidative treatment can be performed for
selected patients with oligometastatic NSCLC.* The oligo-
metastatic state refers to a limited number of metastatic sites,
and is considered as an intermediate status between the
locally advanced phase and widely metastatic phase.” It is
also believed to have a better prognosis than widely meta-
static NSCLC, with long-term overall survival after aggres-
sive local ablative therapies to all visible disease sites,
including both primary and all metastatic lesions,’ although
systemic therapies still serve as the cornerstone of treatment
for advanced NSCLC. Accumulated evidence from retro-
spective observational studies, prospective randomized

trials,®°

and a meta-analysis'' demonstrates survival bene-
fits in patients with oligometastases compared with patients
who have not received local therapy. This growing evidence
has been recognized in the European Society For Medical
Oncology (ESMO) and National Comprehensive Cancer
Network (NCCN) guidelines, which recommend considera-
tion of radical local treatment as an option for selected

12,1 .
13 There s

patients with oligometastatic disease.
a biological rationale to administer local ablative therapy,
as metastases can arise from both the primary tumor and
the metastases, and local ablation therapy can prevent reseed-
ing from the treated sites.'*'> These local treatments mainly
consist of surgery, radiotherapy (RT), chemoradiotherapy
(CRT), stereotactic body radiation therapy (SBRT) or stereo-
tactic ablation radiotherapy (SABR), and radiofrequency
ablation (RFA) or microwave ablation,'® while studies con-
cerning stereotactic ablation brachytherapy have not been
reported.

Implantation of radioactive seeds, serving as stereotac-
tic ablation brachytherapy, is being paid more attention by
physicians, with the development of a computerized three-
dimensional planning system (TPS) for treating malignant
tumors. This has provided a novel treatment modality for
lung cancers'” and achieved satisfactory local control.'®!"?
Brachytherapy has the advantage of providing a high
radiation dose in a single fraction to the target, allowing

20,21
d;="

apoptosis over an extended perio it achieves better

organ sparing and has a shorter overall treatment course

than conventional radiation therapy. It may also provide
a comparable dose within the planning target volume
(PTV) compared with SBRT,*? because breathing mobility
has very little effect on target precision and repeatability.*
So, the implanted iodine-125 seeds can generate a high
dose (140-160 Gy) within target tumor volumes to con-
tinuously destroy tumor cells, while the surrounding non-
neoplastic tissues only receive a very low dose and are
subjected to little damage. In addition, the low radiation
dose rate can induce the reoxygenation and increased
blood flow of hypoxic tumor volumes, thus producing
a radiation-induced bystander effect to kill tumor cells
that can overcome the inhomogeneous distribution of the
radiation dose.***’

Long-term results of the SABR-COMET phase 1I ran-
domized trial indicated that the 5-year survival rate was up
to 42.3% for oligometastatic patients treated by SABR
plus standard of care (SOC), compared to 17.7% in those
patients who received SOC alone, without increased
toxicity.”® At the same time, brachytherapy with iodine-
125 seeds has the ability to generate a comparable dose
within the PTV, while the surrounding tissue only
receives a very low dose.”” So, it was postulated that
brachytherapy as a local ablation treatment to oligometa-
static sites may benefit patients and cure a small subset of
stage IV NSCLCs, which previously were deemed
incurable.

The purpose of this study was to compare stereotactic
ablation brachytherapy with iodine-125 seeds plus sys-
temic chemotherapy with systemic chemotherapy alone
for synchronous extracranial oligometastatic NSCLC.

Materials and Methods
Study Design and Patients

This study was a single-institution retrospective study. All
consecutive patients registered as having lung cancer with
advanced stage in our institution’s database between 1st
Mar 2014 and 30th Mar 2018 were retrospectively exam-
ined. The study’s eligibility criteria for patients were as
follows: 1) had histologically or cytologically confirmed
NSCLC; 2) clinical assessments were classified with
NSCLC stage IV (The International Association for the
Study of Lung Cancer: IASLC 8th edition of the TNM
classification for lung cancer)?’ by CT of the chest, abdo-
men, and pelvis, MRI of the brain, or positron emission
tomography (PET); 3) had <5 synchronous metastases
(intrathoracic nodal disease was counted as one site); 4)
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without oncogenic driver mutations; 5) platinum-based
doublet chemotherapy administration had been initiated
with a minimum of two cycles between Ist Mar 2014
and 30th Mar 2018; 6) showed good or moderate Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) (PS<2); 7) had not received any prior treatments for
NSCLC; and 8) had neither refused nor had contraindica-
tions for brachytherapy and systemic chemotherapy. The
exclusion criteria were as follows: 1) had received any
targeted therapies or immune treatment; 2) had intracranial
metastases or bone metastases involving the spinal cord; or
3) had incomplete medical records or imaging studies. The
medical records and imaging studies were reviewed to
collect data on patient demographics and clinical charac-
teristics, complications, objective tumor response, and
survival.

Implementation of Brachytherapy with
lodine-125

Brachytherapy with iodine-125 seeds was performed in
a standard CT room, scanned on a 64-row CT scanner
(GE, USA) with a slice thickness of 5 mm. Detailed
images from contrast CT were used to confirm the percu-
taneous accessibility of the lesion and the security of
trajectories from the skin to the target location, avoiding
non-target tissue inference. The CT images were also
imported to the treatment planning system (TPS) (Model
HGGR-2000; Hokai Medical Instruments, Zhuhai, China).
The gross tumor volume (GTV) was delineated, and the
planning target volume (PTV) should cover the clinical
target volume (CTV) and an extra 1 cm beyond the mar-
gin. The organs at risk (OARs) around the tumor were also
delineated. The expected number of implanted iodine-125
seeds (sodium iodine, half-life period 59.41 days; Beijing
Zhibo High-tech Biotechnology Co. Ltd, Beijing, China)
was calculated automatically by the TPS and manual
adjustment was performed if necessary. The primary plan-
ning goal was defined as adequate PTV coverage (V90
>90%) with the prescribed dose. After determination of
final options, local anesthesia (2% lidocaine) was adminis-
tered subcutaneously at the site of needle entry, and steel
brachytherapy needles were implanted using the trajectory
determined in the plan; needles were positioned at
approximately 1-1.5-cm intervals and surrounded the
entire lesion. The iodine-125 seeds were inserted through
each needle using the implantation applicator. A final CT
scan was conducted to verify that all seeds were correctly

positioned and acquired for irradiation treatment, and the
evaluation indicators included the tumor matched periph-
eral dose (MPD) and the dose that 90% of the target
volume received (D90). Therapeutic focus was given to
the primary tumor, regional mediastinal lymph nodes, and
oligometastases in this study. Brachytherapy was per-
formed concurrently with or before the first chemotherapy
cycle.

Chemotherapy

All patients in this study received routine chemotherapy
according to the NCCN guidelines. The chemotherapeutic
drugs included cisplatin (50 mg/m? on days 1 and 8; or
35 mg/m” on days 1-3), paclitaxel (135 mg/m* on day 1),
gemcitabine (1000 mg/m” on days 1 and 8), or pemetrexed
(500 mg/m* on day 1). The chemotherapy cycles were
repeated every 3 weeks for all patients.

Ethics

The study protocol was approved by the Ethics Committee
of the First Teaching Hospital of Tianjin University of
TCM, Tianjin, China, and all patients gave their signed
informed consent.

Follow-Up

A follow-up CT scan and routine laboratory blood exam-
ination were performed 3 months after intervention for
patients in the two groups, and every 1-2 months there-
after until death or the follow-up deadline. The patients’
blood cell count, liver function, operation-induced compli-
cations, overall survival (OS), and progressive-free survi-
val (PFS) were recorded in detail. The efficacy was
evaluated following the guidelines for evaluating the
response to treatment in solid tumors. In brief, according
to the Response Evaluation Criteria in Solid Tumors (ver-
sion 1.1) (RECIST 1.1), complete response (CR), partial
response (PR), stable disease (SD), and progressive dis-
ease (PD) were recorded. The objective response rate
(ORR) was defined as the sum of CR and PR.

Statistical Analysis

All statistical analyses were performed using SPSS version
21.0 (IBM Corp., Armonk, NY, USA). The significance of
intergroup differences was determined by the chi-squared
test, applied to compare categorical variables. The survival
outcomes of this study were OS and PFS. OS was calcu-
lated from the date of diagnosis to the date of death, last
contact, or the last follow-up time; and PFS was based on
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the time interval from the date of diagnosis to the date of
progression, death, last contact, or the last follow-up time.
Differences in OS and PFS between the two groups were
estimated using the Kaplan—Meier method, and median
time was reported with 95% confidence intervals (ClIs).
A Cox proportional hazards regression model was used to
test the association of each factor with survival time, and
hazard ratios (HRs) and their 95% Cls were calculated.
Differences were considered statistically significant at
p<0.05.

Results

Patients

The patient database from 1st Mar 2014 to 30th Mar 2018
was reviewed to define all eligible patients according to
the inclusion and exclusion criteria listed in the subsection
‘Study Design and Patients’, above. A total of 69 patients
with synchronous extracranial oligometastatic NSCLC
were selected to enroll in the final study cohort. The base-
line characteristics of the enrolled patients are shown in
Table 1. Among them, 32 patients had achieved combina-
tion treatment of brachytherapy with iodine-125 seeds and
systemic chemotherapy (group A), and the remaining 37
cases received systemic therapy alone (group B). Patient
demographics and baseline characteristics were well
balanced between both treatment arms in terms of age,
gender, pathology, tumor stage, ECOG status, smoking
status, primary tumor site, pathology, stage T, stage N,
number of metastases, metastatic sites, and cycles of che-
motherapy (all p>0.05) (Table 1).

Postoperative Verification of Quality

The information on brachytherapy dose and radioactive
seeds from postoperative CT images was transferred to
the TPS to verify the quality, and then exported as dose—
volume histograms (DVHs). The 32 patients received
a prescription dose of 110.0 Gy. The median number of
seeds was 56 (range, 28—126). The median postoperative
MPD was 108.0 Gy (range, 94.2-140.8 Gy) and the med-
ian D90 was 142.4 Gy (range, 107.0-174.2 Gy) (Table 2).

Short-Term Therapeutic Efficacy

For comparison with pretreatment, CT images were
obtained at the 3-month follow-up for short-term response
evaluation according to RECIST 1.1 (Figure 1). The out-
comes revealed that CR and PR were observed in 5/32
(15.6%) and 16/32 (50.0%) patients in group A and 0/37

(0.0%) and 14/37 (37.8%) in group B, and 4/50 patients
with progressive disease (12.5%) in group A versus 12/37
patients (32.4%) in group B. The difference was statisti-
cally significant between the two groups (*=9.711;
p=0.021) (Table 3).

The ORR (CR+PR) of tumors of patients was higher in
group A (65.6%) than in group B (37.8%), which was
a significant difference (y°=5.301; p=0.030) (Table 3).

Progression-Free Survival and Overall

Survival Analysis

With a median follow-up of 23 months (range: 4-46
months), the median PFS was 11.6 months (95% CI:
7.0-16.2 months) in group A and 6.3 months (95% CI:
3.4-9.2 months) in group B (Figure 2). There was
a statistically significant improvement in PFS for patients
in group A compared to those in group B (p=0.036). The
median OS for patients in group A (17.6 months, 95% CI:
13.9-21.3 months) was also longer than in group B (11.2
months, 95% CI: 7.7-14.7 months), with statistically sig-
nificant difference (p=0.042) (Figure 3).

In univariate Cox regression analysis, number of
metastases (HR=0.135, 95% CI: 0.071-0.260, p<0.001)
and local brachytherapy (HR=0.596, 95% CI: 0.364—
0.973, p=0.039) were closely related to PFS; and T stage
(HR=0.571, 95% CI: 0.336-0.970, p=0.038), number of
metastases (HR=0.159, 95% CI: 0.086—0.293, p<0.001),
and local brachytherapy (HR=0.588, 95% CI: 0.349—
0.989, p=0.045) were closely related to OS (Table 4).

Furthermore, in multivariate analysis, both the number
of metastases (HR=0.100, 95% CI: 0.050-0.204, p<0.001)
and local brachytherapy (HR=0.416, 95% CI: 0.246—
0.702, p=0.001) were independent factors for PFS, and
number of metastases=1-3 (HR=0.118, 95% CI: 0.060—
0.231, p<0.001) and receiving local brachytherapy
(HR=0.375, 95% CI: 0.216-0.653, p=0.001) were asso-
ciated with significantly better OS (Table 4).

Complications

After brachytherapy in group A, three patients developed
mild pneumothorax, which was accompanied by subcuta-
neous emphysema in one patient, and the thoracic cavity was
closed for drainage for only one patient. Two patients
experienced mild pulmonary hemorrhage; one of them had
bloody sputum and the other had hemoptysis, and all symp-
toms disappeared within 1-3 days after receiving hemocoa-
gulase or etamsylate injection. One patient experienced seed
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Table |1 General Characteristics of Patients in Both Groups

2

Characteristics Group Group X p
A B
N (%) N (%)
Age
<60 years 16 (50.0) | 16 (43.2) | 0.315 | 0.633
>60 years 16 (50.0) | 21 (56.8)
Gender
Male 21 (65.6) | 23 (62.2) | 0.089 | 0.806
Female 11 344) | 14 (37.8)
ECOG performance status
0 6(188) | 6(l6.2) | 0336 | 0.845
I 16 (50.0) | 17 (45.9)
2 10 31.2) | 14 (37.8)
Smoking status
Smoking index <100 15 (46.9) | 16 (43.2) | 0.091 | 0.812
Smoking index =100 17 (53.1) | 21 (56.8)
Primary tumor site
Peripheral type 19 (59.4) | 17 (45.9) | 1.240 | 0.336
Central type 13 (40.6) | 20 (54.1)
Pathology
Squamous cell carcinoma | 20 (62.5) | 22 (59.5) | 4.255 | 0.119
(SCQO)
Adenocarcinoma (ADC) | 9 (28.1) 15 (40.5)
Others 3(94) 0 (0.0)
Stage T
Tl 3(94) 8 (21.6) | 4818 | 0.186
T2 8 (25.0) | 7(189)
T3 12 37.5) | 7 (18.9)
T4 9 (28.1) 15 (40.5)
Stage N
NO+N | 17 (53.1) | 16 (43.2) | 0.672 | 0.474
N2+N3 15 (46.9) | 21 (56.8)
Number of metastases
| 4 (125) | 6 (l16.2) | 2235 | 0.693
2 7(219) | 4(108)
3 7 (21.9) 10 (27.0)
4 9 (28.1) 13 35.1)
5 5(15.6) | 4(10.8)
Metastatic sites
Intrathoracic 12 (37.5) | 10 (27.0) | 0.867 | 0.440
Others 20 (62.5) | 27 (73.0)
Cycles of chemotherapy
24 17 (53.1) | 16 (43.2) | 0.672 | 0.474
>4 15 (46.9) | 21 (56.8)

Table 2 Parameters of Brachytherapy with Radioactive lodine-
125 Seeds

Parameters Median Value Range
MPD (Gy) 108.0 94.2-140.8
D90 (Gy) 142.4 107.0-174.2
Number of seeds implanted 56 28-126
Activity (mCi per seed) 0.8 0.6-0.8

migration to the pleural cavity and one patient local radiation
pneumonitis, and no significant related clinical symptoms
were observed. None of the patients developed local skin
erythema, hemoptysis, grade 4/5 complications, or opera-
tion-induced death (Table 5).

Hematological toxicity was defined as leukocyte
decrease, anemia, and platelet decrease. No statistically
significant difference was found in the hematological
toxic events between group A and group B (p>0.05)
(Table 6). Severe liver toxicity was not observed in either
group, while mild elevated transaminase occurred in six of
32 patients (18.8%) in group A versus eight of 37 patients
(21.6%) in group B (p=0.680) (Table 6). Severe complica-
tions of grade 4 or above did not occur in either group.

Discussion

The purpose of this trial was to evaluate the efficacy and
safety of combination treatment of brachytherapy with
iodine-125 and chemotherapy for patients with synchro-
nous extracranial oligometastatic NSCLC compared to
traditional chemotherapy alone. To the best of our knowl-
edge, this has not been reported previously and is hence
a novel treatment modality for these patients.

The results suggest that brachytherapy with iodine-125
seeds may be an alternative method with or without other
treatments for all kinds of NSCLC patients. Brachytherapy
has been proven to improve local control rates and decrease
local recurrence, as postoperative adjuvant treatment with
resection.”®>' Huo et al*® reported that iodine-125 bra-
chytherapy combined with chemotherapy is an effective,
minimally invasive method for the treatment of stage III
NSCLC, with a median survival time of 24.76 months and
a median local control time of 25.28 months. Yu et al*®
explored the effectiveness of brachytherapy plus chemother-
apy versus chemotherapy alone for recurrent stage III
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B2

C2 .

Figure | Preoperative and postoperative CT scan images of typical patients in group A.

Notes: Al, pretreatment CT image showing a mass near the heart in the left lung with malignant pleural effusion; A2, the target lesion and pleural effusion completely
disappeared at 3 months after the combination treatment of brachytherapy with iodine-125 seeds and chemotherapy regimen; Bl, CT images showing a liver metastatic
lesion from NSCLC; B2, the lesion disappeared, with only well-distributed radioactive seeds remaining; Cl, CT images showing a metastatic lesion in the mediastinum, and
the trachea and superior vena cava in mild oppression; C2, the lesion was significantly decreased in size and the diameter of the trachea and superior vena cava were

improved at 3 months after combination treatments.
Abbreviations: CT, computed tomography; NSCLC, non-small-cell lung cancer.

NSCLC (52 patients were equally divided into two groups),
and the PFS was 8 months versus 5.5 months (p<0.05) with

1** provided

amedian follow-up time of 11 months. Wang et a
evidence that retroperitoneal metastatic lymph nodes can
also be treated using CT-guided implantation of radioactive
iodine-125 seeds, with the achievement of good pain relief.
The findings of these studies suggest that intervention with
brachytherapy with iodine-125 seeds could lead to a better
prognosis for operable or inoperable or metastatic NSCLC
patients, and it could be superior to chemotherapy alone
when combined with chemotherapy, as proven by our find-

ings in this study.

The primary results of our study were longer PFS (11.6
months vs 6.3 months, HR=0.416, 95% CI: 0.246-0.702,
p=0.001) and OS (17.6 months vs 11.2 months, HR=0.375,
95% CI: 0.216-0.653, p=0.001) for patients receiving
iodine-125 brachytherapy combined with chemotherapy
compared with chemotherapy alone, as well as better
ORR (65.6% vs 37.8%, p=0.030), which indicated that
combination treatment could be a superior measure.
These findings are in with
experiences.”>’ In the study by Wu et al,>® the OS and
PFS of patients with advanced NSCLC were 20 months
(95% CI: 19.09-20.90 months) versus 15 months (95% CI:

agreement other
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Table 3 Short-Term Evaluation of Overall Response

Group A Group B 7 p
N (%) N (%)
CR 5(15.6) 0 (0) 9.711 0.021
PR 16 (50.0) 14 (37.8)
SD 7 (21.9) 11 (29.7)
PD 4 (12.5) 12 (32.4)
CR+PR 2| (65.6) 14 (37.8) 5.301 0.030
SD+PD Il (34.4) 23 (62.2)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease;

PD, progressive disease.

14.48-15.51 months) (p<0.05) and 13 months (95% CI:
11.96-14.04 months) versus 8 months (95% CI: 7.63-8.37
months) (p<0.05), respectively, when a combination of
brachytherapy with chemotherapy was compared to che-
motherapy alone. Both PFS and OS were better than in our
study, which may be attributed to the included standard
and approximately 30% stage III patients being enrolled in

Wu’s study. A meta-analysis®’ of comparisons of iodine-
125 brachytherapy combined with chemotherapy and che-
motherapy alone showed that combination therapy was
superior to chemotherapy alone in CR (risk ratio [RR]
=3.66, 95% CI: 2.08-6.44, p<0.001), PR (RR=1.47, 95%
CIL: 1.16-1.86, p=0.001), ORR (RR=1.85, 95% CI: 1.54—
2.22, p<0.001), disease control rate (RR=1.19, 95% CI:
1.10-1.29, p<0.001), one-year overall survival (RR=1.46,
95% CI: 1.12-1.92, p=0.006), and PD (RR=0.20, 95% CI:
0.09-0.43, p<0.001). Another meta-analysis,” including
1188 cases, also indicated consistent results, with better
ORR (RR=1.90, 95% CI: 1.67-2.16) and OS (RR=0.66,
95% CI: 0.50-0.86, p<0.001) in the combination treatment
group.

Several potential mechanisms may explain the different
from brachytherapy with seeds in terms of OS and PFS.
First, the stereotactic ablation ability of radioactive seeds
could reduce the burden of primary and metastatic malig-
nant cells. In that case, chemotherapy would have
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Figure 2 Kaplan—Meier analysis of progression-free survival.
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Figure 3 Kaplan—Meier analysis of overall survival.

a synergistic effect on the inhibition of progression.
Second, local radiation therapy could render residual dis-
ease more sensitive to chemotherapy.® A third possibility
is that
conversion®® and slow the growth of distant micrometa-

local treatment may delay polymetastatic
static disease.®

Emerging evidence suggests that local therapies are tech-
nically feasible for oligometastatic lesions, with favorable
survival. However, brachytherapy as a novel local method
has not been reported for oligometastatic NSCLC with or
without systemic chemotherapy. In a multicenter, rando-
mized, phase II trial® enrolling patients with oligometastatic
NSCLC, Gomez et al reported an observed benefit in PFS
(14.2 months, 95% CI: 7.4-23.1 months vs 4.4 months, 95%
CI: 2.2-8.3 months, p=0.022) and OS outcomes (41.2
months, 95% CI: 18.9 months to not reached vs 17.0
months, 95% CI: 10.1-39.8 months, p=0.017) for these
patients. A prospective, single-arm phase II trial of local
therapy in combination with systemic chemotherapy in 40

patients with one to five metastases showed a median OS
and PFS of 13.5 months and 12.1 months, respectively.’
Iyengar’s single-institution randomized phase II study of
SBRT  followed by

versus maintenance chemotherapy alone for patients with

maintenance  chemotherapy
limited metastatic NSCLC showed a significant improve-
ment in PFS (9.7 months vs 3.5 months, p=0.01) in the
combination arm.'® In a retrospective study, Wei et al*’
reported that the median PFS and OS were 14.0 and 47.8
months, respectively, after microwave ablation in the treat-
ment of patients with oligometastatic NSCLC. Mitchell et -
al*® reported that comprehensive local treatment was
independently associated with improved OS (HR=0.67,
95% CI: 0.46-0.97, p=0.034) in synchronous oligometa-
static NSCLC. Collen et al’ designed a phase II study of
stereotactic body radiotherapy to the primary tumor and
metastatic locations in patients with oligometastatic
NSCLC, and showed that median PFS and OS were 11.2
and 23 months, respectively. All of the evidence from
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Table 4 Univariate and Multivariate Cox Regression Analysis of PFS and OS for Overall Patients
Variables PFS os
HR 95% CI p HR 95% CI P

Univariate analysis
Age

<65 vs 265 years 0.953 0.591-1.537 0.843 0.865 0.519-1.440 0.576
Gender

Male vs Female 0.857 0.522-1.408 0.542 0910 0.537-1.544 0.727
ECOG performance status

0-I vs2 0.630 0.375-1.059 0.081 0.674 0.395-1.151 0.148
Smoking index 0.859 0.529-1.394 0.538 0.842 0.502-1.412 0.514

<100 vs 2100
Primary tumor site

Peripheral type vs Central type 0913 0.566—1.474 0.710 0.899 0.541-1.493 0.680
Pathology

ADC vs SCC 1.121 0.345-3.645 0.849 1.535 0.369-6.387 0.556

Others vs SCC 1.330 0.398-4.413 0.643 1.636 0.381-7.020 0.508
T stage

TI+T2 vs T3+T4 0.617 0.373-1.020 0.060 0.571 0.336-0.970 0.038
Nodal status

NO+NI vs N2+N3 0.635 0.386—1.047 0.075 0.723 0.430-1.214 0.220
Number of metastases

-3 vs 4-5 0.135 0.071-0.260 <0.001 0.159 0.086-0.293 <0.001
Metastatic sites

Intrathoracic vs Others 0.715 0.426—1.199 0.204 0.628 0.357-1.104 0.106
Cycles of chemotherapy

24 vs 24 1.176 0.727-1.902 0.508 1219 0.730-2.034 0.449
Local brachytherapy

Yes vs No 0.596 0.364-0.973 0.039 0.588 0.349-0.989 0.045
Multivariate analysis
T stage

TI+T2 vs T3+T4 - - - 0.648 0.376-1.115 0.117
Number of metastases

-3 vs 4-5 0.100 0.050-0.204 <0.001 0.118 0.060-0.231 <0.001
Local brachytherapy

Yes vs No 0.416 0.246-0.702 0.001 0.375 0.216-0.653 0.001

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; ADC,

adenocarcinoma; SCC, squamous cell carcinoma.

previous trials exposed a similar PFS within a narrow range,
in addition to the PFS data in our study, which suggest that
the efficacy of brachytherapy may be considerable for other
consolidative measures when combined with chemotherapy,
at least for PFS. The data for OS were significantly different

among these studies, which may attributable to several rea-
sons, as follows: different definition of oligometastatic (<3
metastases,*° or <5 metastases), different mean numbers of
metastases, size of primary or metastatic lesions, and status

of oligometastasis (synchronous or metachronous or both),
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Table 5 Complications in Patients After Brachytherapy with Radioactive lodine-125 Seeds

Complications Group A Group B

Grade 4/5 complications 0 0

Mild complications

Mild pneumothorax 3 0

Mild pulmonary hemorrhage 2 0

Subcutaneous emphysema | 0

Local radiation pneumonitis | 0

Seed migration | 0

Local skin erythema 0 0

No complications 25 0

Table 6 Adverse Events Observed in Both Groups Upon Follow-Up
Group A Group B Ve p

Grade 0 1 2 3 4 5 0 1 2 3 4 5
Hematological toxicity
Leukocyte decrease 8 14 7 3 0 0 I 15 6 5 0 0 0.727 0.867
Anemia 10 12 5 5 0 0 12 20 3 2 0 0 3.642 0.305
Platelet decrease 10 13 5 4 0 0 12 14 8 3 0 0 1.186 0.756
Liver function lesion 26 3 3 0 0 0 29 5 2 | 0 0 1.509 0.680

selective bias, or other unreported information. Further
randomized controlled trials should be implemented to
determine whether stereotactic ablation brachytherapy has
an advantage over other technologies for oligometastatic
NSCLC.

Although complications developed during the periopera-
tive no treatment-related deaths or

period, severe

complications were reported in the two groups, which is in

. . -1 33,36
agreement with previous trials,”™

and all complications were
managed accordingly. Pneumothorax is the most common
implantation-induced complication,”” with an incidence rate
of 9.4% in our study and 10.0-30.0% in a previous study.*>
Mild pulmonary hemorrhage (6.3%), local radiation pneumo-
nitis (3.1%), and seed migration (3.1%) were tolerable, with
low incidence rates. Hematological toxicity and loss of liver
function may be attributed to chemotherapy, and the incidence
rate was not statistically different between the combination
group and the chemotherapy-alone arm. In conclusion, this
treatment was well tolerated by most patients because the
unfavorable reactions of brachytherapy with radioactive
iodine-125 seeds are mild and the incidence of serious adverse
events is low.

Our study has several limitations. First, there is
a selection bias, related to the monocenter and non-
regional oncology clinics. Second, the retrospective nature

of our study is also a limitation. Third, we could not take
into account oncogenic driver mutations such as EGFR,
RAS, HER2, and MET mutations, and ROS1, RET, and
NTRK fusionss. Finally, patients with intracranial oligo-
metastatic and metachronous oligometastatic NSCLC were
excluded from our study, because fewer patients received
brachytherapy in our department.

Conclusion

Our study demonstrated that brachytherapy combined with
chemotherapy was effective and safe for synchronous
extracranial oligometastatic NSCLC, leading to longer
PFS and OS compared to chemotherapy alone, with
fewer side effects. Future large-sample and higher-quality
multicenter randomized control trials are needed to con-
firm the efficacy and safety of this treatment.
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