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ABSTRACT

Combination treatment with iodine 125 seeds implant and systemic therapy in patients with non-small-cell lung cancer (NSCLC) is
a promising treatment practice. The present study aimed to assess the relative efficacy and toxicity of combination treatment
versus systemic therapy alone in patients with NSCLC. Databases including PubMed, EBSCO, Web of Science, EMBASE, Cochrane
Library, CNKI, and WanFang were searched for relevant randomised controlled trials (RCTs). Risk ratios (RR) were obtained for
evaluating indicators in the present meta-analysis including complete response (CR), partial response (PR), stable disease (SD),
progressive disease (PD), overall response rate (ORR), disease control rate (DCR), one-year and two-year overall survival (OS)
rate and complications.

A total of 17 eligible RCTs incorporating 1315 patients who underwent combination treatment or systemic therapy alone were ulti-
mately included in this meta-analysis based on our selection criteria. The results showed that CR (RR = 1.89, 95% confidence
interval [CI]: 1.53 - 2.33, p <0.001), PR (RR = 1.28, 95%Cl: 1.12 - 1.46, p = 0.0002), ORR (RR = 1.46, 95%Cl: 1.34 - 1.58, p
<0.001), DCR (RR = 1.11, 95%Cl: 1.04 - 1.18, p = 0.001), two-year OS (RR = 1.52, 95% Cl: 1.30 - 1.77, p <0.001) were higher
and SD (RR = 0.53, 95%Cl: 0.42 - 0.66, p <0.001) and PD (RR = 0.39, 95%Cl: 0.29 - 0.55, p <0.001) were lower in the combina-
tion treatment group than in control group. Meanwhile, there was no significant difference in one-year OS (RR = 1.13, 95% Cl:
0.98-1.31, p = 0.10). In terms of adverse events, the combination therapy significantly increased the incidence of pneumothorax
(RR =4.91, 95% CI: 2.63 - 9.17, p <0.001); however, no significant differences were found in the incidence of myelosuppression
and gastrointestinal symptoms.

Combination treatment with iodine 125 seeds implant and systemic therapy can significantly improve clinical response and
prolong two-year OS in NSCLC patients without increasing the incidence of myelosuppression and gastrointestinal symptoms,
except pneumothorax.
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INTRODUCTION

Withthe developmentof computerised three-dimensional plan-
ning system, interstitial implantation of radioactive seeds has
beenthe focus fortreating malignanttumorsinrecentyears.'It,
served as stereotactic ablation brachytherapy (SABT),* has
been a novel therapy modality for inoperable cancers,’ with a
satisfactory local control rate.*’
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Implantation of radioactive seeds, a common treatment prac-
tice guided by computed tomography (CT), ultrasound or
bronchscopy, hastechnical superiority of achieving a high radi-
ation dose in a single fraction to the target® to continuously
destroy tumour cells, and better organ sparing to protect
surrounding normal tissues from radiation damage, as
comparedtotraditional externalbeamradiationtherapy*. Addi-
tionally, it has been shown that apoptosis-related genes could
be up-regulated by radioactive seeds to induce apoptosis of
tumour cellsinvitrostudies.'*"

Interstitial brachytherapy is often used in combination with or
following systemic therapy in patients with non-small cell lung
cancer (NSCLC)."** Although systemic therapiesincluding tradi-
tional chemotherapy, tyrosine kinase inhibitors (TKls), immune
checkpoint inhibitors (ICI) and so on, remain the first-line and
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indispensable treatment for inoperable NSCLC patients,
previous findings suggested that internal radiotherapy with
radioactive iodine-125 seeds may be an alternative modality for
all kinds of NSCLC patients.>**" It has been proven to show
good effects onimproving local control rate and decreasing local
recurrence and could have a better prognosis for locally
advanced or metastatic NSCLC patients. It was postulated that
combination treatment with iodine 125 seeds implant and
systemic therapy could be superior to systemic therapy alone.
Three previous meta analyses have been published to assessthe
efficacy and safety of the combination treatment with seeds
implantand systemic chemotherapy.'*'®" All these pooled anal-
yses have shown the improvement of short-term efficacy in the
group of combination treatment over chemotherapy alone;
however, the pooled outcomes were not consistent among the
studies, and two-year OS was not shown to be significantly
differentbetweentwogroupsinQiuetal.’sreport," while statisti-
cally significant difference was found in the othertwo meta-anal-
yses. Trials included in the meta-analyses performed by Wu et
al.,"®and Zhang.et al.,"® were mixed with randomised controlled
trials (RCTs) and non-RCTs. However, comparability could not be
ensured between different groups before treatment and it is
difficult to avoid selective bias due to non-randomisation. In Qiu
et al.’s trial, five RCTs were included, however, among the
included five trials, there was a retrospective study® and groups
wereassigned accordingtovoluntary willingnesstoaccepttreat-
ment for enrolled patients in anothertrial,”” and in the third study
comparability of baseline characteristics was not reported,”
leading to potential bias. Additionally, several Chinese recordsin
two studies were pooled-analysed without Chinese literature as
well as the same search strategy in English,"®" which may also
lead to publication bias. So, its efficacy and safety remain unclear
and more convincing evidence to evaluate the efficacy and
safety of combination treatment vs. systemic therapy alone is
still clinically required through pooled analyses to provide the
latest and most comprehensive evidence to guide clinical trials
foradvanced NSCLCinfuture.

The application and research about brachytherapy with
iodine-125 radioactive seeds in NSCLC patients is increasing,
andseveral RCTshavebeen carried outinrecentyears. Theaim
of was to analyse the clinical efficacy of the combination
therapy with iodine 125 implant and chemotherapy for the
treatmentoflung cancerby using meta-analysis method.

METHODOLOGY

Literature from PubMed, EBSCO, Web of Science, EMBASE,
Cochrane Library, China Knowledge Resource Integrated
Database (CNKI), Wan Fang Database was searched and
included in this meta-analysis from January 2005 to November
2020, according to guidelines from the Cochrane Collabora-
tion. The publication languages were restricted to Chinese and
English. The main medical terms used for literature search
were “Lung cancer or lung carcinoma or NSCLC” and
“lodine-125 or 1125 or 1251 or brachytherapy”. The references
oftheincluded studies were alsoscreened manually.

In this analysis studies eligible for inclusion were (i) Studies
must have been designed as randomised controlled trials
(RCTs); (ii) Patients must have been clinically or pathologically
diagnosed as NSCLC, including primary tumour or progression
and recurrence after previous treatment; (iii) Treatment of the
control group was systemic therapy alone including
chemotherapy, targeted therapy with tyrosine kinase inhibi-
tors, immune checkpointinhibitors or traditional medicine; (iv)
Treatment of the experimental group was implantation with
radioactiveiodine-125seedsguided by computerizedtomogra-
phy(CT), ultrasound or endoscope, combined with the same
systemic therapeutic regimen as the control group; (v) There
were necessary detailed basic characteristics of the enrolled
patients with no statistical difference between the experi-
mental group and the control group; (vi) Outcome was reported
including tumour response evaluation according to World
Health Organisation criteria or Response Evaluation Criteria in
Solid Tumours, overall surviverate oradverse events.

The major exclusion criteria were: (i) retrospective control
studies; (ii) single-arm studies; (iii) patients with metastatic
lung cancer, multiple primary tumours, small cell lung cancer,
or other cancers; (iv) no clinical studies or no human trials
including cytological experiments, animal studies orotherpre--
clinical trails; (v) patients who have received synchronous
otherlocaltreatmentincluding resection, externalbeamirradi-
ation, cryoablation, radiofrequency ablation, microwave abla-
tion, regional perfusion chemotherapy though tumour blood
vessels, and so on; (vi) reviews, meta-analysis, guidelines,
expertconsensus, case reports or repeated reports; (vii) lack of
detailed data about general characteristics or lack of primary
results from the published studies and connection with
authors; and (viii) other irrelevant studies.

Two investigators (HZ Li, LB Zhang) independently selected
potentially relevant articles on the basis of the inclusion and
exclusion criteria, and a third reviewer (L Zhang) was involved
to resolve the disagreements between the two reviewers.
According to the PRISMA guidelines, the selection process is
presented in the flow chart (Figure 1). Two investigators (HZ Li,
WT Li) conducted data extraction from the included studies,
using a standardised data collection form. The data abstracted
included publication details, demographic and clinicalinforma-
tion; intervention factors and prescription dose; and outcome
measures including complete response (CR), partial response
(PR), stable disease or no change (SD), progressive disease
(PD), one-year OS rate, two-year OS rate and several most
frequent adverse events. And overall response rate (ORR) was
defined as sum of CR and PR; disease control rate (DCR) was
definedasas CR+PR+SD.

The general methodological quality of each enrolled study was
evaluated according to the RCT quality evaluation standards of
the Cochrane handbook. Two reviewers (LB Zhang, H Zhang)
independently completed and assessed the quality of the
included studies based on:(i) random sequence generation
(selection bias); (ii) allocation concealment (selection bias); (iii)
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blinding of participants and personnel (performance bias); (iv)
blinding of outcome assessment (detection bias); (v) incom-
plete outcome data (attrition bias); (vi) selective reporting
(reporting bias);and (vii) other biases. All disagreements were
resolved by discussions among the investigators and a
consensus was reached.

Records identified through Records indentified
database searching manually through other

(n=3578) sources (n=5)

=

Records for more detailed
assessment (n=3276)

307 duplicated records were
removed through
NoteExpress software

——» | 3236 articles were excluded after
v reading title and abstract information

Full-text articles for more
detailed assessment (n=10)

23 full-text articles were
excluded screened by inclusion
and exclusion criteria

l—.

Studies included for
meta-analysis (n=17)

Figure1:Flowdiagramofthestudyselectionprocess.

The meta-analysis was performed with Review Manager soft-
ware (version 5.3) and R software (version 4.0.2). We calcu-
lated relative risk ratio (RR) with 95% confidence interval
(95%Cl) as indicators of efficacy and safety. Heterogeneity
among studies was evaluated by I’ statistics and p-values. We
chose a fixed-effects method with a predefined significance
threshold of I <50% and p >0.1, otherwise a random-effect
method was used. If heterogeneity existed, its sources were
analyzed and subcategory analysis was adopted for factors
that could have contributed to the heterogeneity. Publication
bias in this study was tested by funnel plots with Egger’s test at
alevel of 0.1. For all tests p value 0.05 was considered statisti-
cally significant.

RESULTS

According to the initial search strategy, a total of 3583 poten-
tially relevantstudies were identified during the initial literature
search, and the process of literature search is summarized in
Figure 1. After abandoning duplicate and non-available articles
filtered by inclusion and exclusion criteria, remaining 17 RCTs
involving 1315 patients were successfully selected for the
present systematic review and meta-analysis, among these
paitents 660 in the experimental group while 655 belonged to
controlgroup.”*

The main characteristics of the included RCTs were
summarized in Table I. The general data extracted from all
included trials indicated statistically comparable between the
two groups. Of all the included RCTs, random digital table was
performed in 10 trials”********* and random draw in one trial,”®
as randomisation method.The quality evaluations and bias risk
oftheincludedstudiesis presentedinFigure 2.
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Figure 2: Riskofbias summarydiagramandriskofbias percentilechart.

To systematically review the overall short-term efficacy, evalu-
ating indicators including CR, PR, SD, PD, ORR and DCR were
measured to assess responsesamong 16 RCTs” > (Figure 3).

There was no significant heterogeneity among 16 trials for CR (I’
=16%,p=0.27),PR(I’=0%,p=0.70),SD (I>=0%,p=0.67), PD
(I’=0%,p=0.76),and ORR (I>*= 7%, p = 0.37) , respectively, then
the fixed effects models were used to calculate RR and 95%Cl.
Outcome indicated that CR (RR = 1.90, 95%CI: 1.53 - 2.36, p
<0.001),PR(RR=1.28,95%Cl:1.12-1.46,p =0.0002),and ORR
(RR =1.46, 95%CI: 1.34 - 1.58, p <0.001) in the experimental
group were significantly higher than control group, while SD (RR
=0.53,95%Cl: 0.42-0.66, p <0.001) and PD (RR = 0.39, 95%ClI:
0.29 - 0.55, p <0.001)were higher in the control group on the
contrary.

By contrast, heterogeneity among included studies was found in
the analysis of DCR (I* = 69%, p <0.001), and pooled analysis
revealed that the DCR was statistically different from a random
effectsmodel (RR=1.11,95%Cl:1.04-1.18,p =0.001) between
thetwogroups.

Overall survival:

The meta-analysis results of long-term therapeutic efficacy are
shown in Figure 4. For one-year OS rate, the random-effects
modelwas performedto calculate RRand 95% Cl, with significant
heterogeneity (I> = 76%, p = 0.0004) among the included
RCTs.?*?%% Results suggested that the one-year OS in the
combination group was not significantly different between two
groups(RR=1.13,95%Cl:0.98-1.31,p=0.10). Fortwo-year0S,
no significant heterogeneity was detected among the included 7
studies®**?*#" 333 (12 = 0%, p = 0.65), hence, RR and 95% Cl
were calculated by the fixed-effects model. Our pooled-analysis
suggested that it was obviously higher in experimental group
than in the control group (RR = 1.52, 95% CI: 1.30 - 1.77, p
<0.001).

Toxicity and side effects:

For the safety meta-analysis, we selected the most commonly
reported adverse events, including pneumothorax (reported in
12 RCTs®?%2%%%3#)  myelosuppression (reported in 7
RCTs******%>%") and gastrointestinal symptoms (reported in 10
RCTSZS,27,28,31-37).

90

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(01):88-95



Huzi Li, Wentao Li, Libo Zhang, Wenyan Fang and Hong Zhang

Table I: General characteristics of all included studies.

Trials/Groups N Gender Age (years) Histology Stage Treatment Comparability
Male Female mean (range) SCC ADC Other

Ma2015* Con 42 29 13 62.8 (51-75) 9 25 8 v Chemotherapy Y
Exp 41 27 14 63.9 (53-76) 8 26 7 Combination

Pan2015” Con 40 22 18 62.1 (45-78) 10 28 2 n/v Chemotherapy Y
Exp 46 25 21 61.7 (42-77) 11 34 1 Combination

Liu2016* Con 30 26 4 53 - - - n/v Chemotherapy Y
Exp 30 24 6 55 - - - Combination

LiuY2016* Con 40 25 15 59 (35-78) 22 12 6 v Chemotherapy Y
Exp 40 27 13 59 (41-83) 24 11 5 Combination

Wang2016”  Con 60 37 23 63 - - - Il TCM Y
Exp 60 38 22 62 - - - Combination

Zhao2016”  Con 43 29 14 33-68 15 20 8 Il Chemotherapy Y
Exp 43 30 13 32-70 16 21 6 Combination

LiulJ2018* Con 41 27 14 65.7 (60-79) - - - 11l Chemotherapy Y
Exp 42 29 13 65.8 (60-78) - - - Combination

Sun2018% Con 35 27 8 60.3 (34-78) 25 10 0 11l Chemotherapy Y
Exp 35 25 10 59.2 (35-81) 23 12 0 Combination

Yang2018* Con 33 19 14 56.4 (40-70) 16 12 5 Early Chemotherapy Y
Exp 34 21 13 55.8 (41-69) 14 13 7 Combination

Zhang2018™  Con 40 29 11 61.3 - - - - Chemotherapy Y
Exp 40 27 13 62.7 - - - Combination

Deng2019*  Con 47 26 21 61.3 (38-77) 7 40 0 /v Chemotherapy Y
Exp 47 24 23 60.6 (35-78) 10 37 0 Combination

Fu2019* Con 24 15 9 63.2 14 10 0 1] Chemotherapy Y
Exp 25 16 9 63.2 15 10 0 Combination

Guo2019* Con 43 - - 61 29 14 0 - Chemotherapy Y
Exp 43 - - 62 30 13 0 Combination

Sun2020* Con 35 19 16 60.2 8 20 7 n/v Chemotherapy Y
Exp 32 22 10 59.4 8 19 5 Combination

Zhang2020*  Con 46 23 23 57.5 (28-87) - - - I/I/INA Chemotherapy Y
Exp 46 24 22 60.6 (29-89) - - - I//IA Combination

Feng2012” Con 30 18 12 63.6 13 17 0 nB/IvV Chemotherapy+TCM Y
Exp 30 18 12 63.8 12 18 0 Combination

Yu2015% Con 26 17 9 - 11 13 2 1 Chemotherapy Y
Exp 26 15 11 9 16 1 Combination

M, male; F, female; Con, the control group; Exp, the experimental group; ADC, adenocarcinoma; SCC, Squamous cell carcinoma; PD, prescription dose; TCM, traditional Chinese

medicine; Y, yes.

The pooled incidence of pneumothorax rate was 10.9% in the
experimental group, which was obviously higher than in
control group with RR = 4.91 (95% CI: 2.63 - 9.17, p <0.001).
Then the prevalence of myelosuppression and gastroin-
testinal symptoms was not significantly different between two
groups (Figure 5).

Publication bias and sensitivity analysis:

Sensitivity analysis was conducted by sequentially omitting
one single study to assess the overall results with regard to all
parameters. After the sensitivity analysis the pooled estimate
of all parameters remained stable, suggesting that main
outcomes were not being driven by any single study (Shown in
Supplementary Figures 1-11). So, there was still good objec-
tivity and stability for all parameters in present analysis.

In the present meta-analysis, Egger’s test showed that there
was significant effect of publication bias CR (p <0.001), PD (p
=0.02), ORR (p = 0.03), pneumothorax rate (p = 0.002). We
used trim-and-fill method to adjust asymmetry, and the
outcome did not change the major trend of the effect but
reduced the effect size of some parameters including CR
(adjusted RR = 1.50, 95%CI: 1.13 - 2.00, p = 0.0053), ORR
(adjusted RR = 1.33, 95%Cl: 1.22-1.45, p <0.001) , and pneu-
mothorax rate ( adjusted RR = 1.96, 95%Cl: 1.02-3.78, p =
0.04 ), and increased adjusted RR of PD (adjusted RR = 0.49,
95%Cl: 0.36-0.68, p <0.0001). And there was no publication
bias in other parameters (Shown in Supplementary Figures
12-15 available on JCPSP website).

DISCUSSION

This is the first systematic review and meta-analysis
involving only RCTs and the largest sample size to look for
therapeutic effects and safety of interstitial brachytherapy
combined with systemic therapy in NSCLC till now, although
pervious meta-analyses were reported with limitations.

Interstitial tumour implantation of low-dose-rate | seeds is
one of the most efficient methods in controlling the cancer is
malignant and overcoming clinical difficulties. By placing a
radioactive source near or in the tumour, the implanted
iodine-125 radioactive seeds can generate a high dose of
radiation within the tumour volume to continuously destroy
tumour cells, while only a small amount of healthy tissue
receives therapeutic dose of radiation. Integrated results of
the present study including 17 RCTs and 1315 cases
revealed that the CR, PR, ORR, DCR, and 2-year OS could be
improved by implantation of radioactive '*’| seeds in combi-
nation with systemic therapy for NSCLC patients, who also
experienced tolerable adverse events at a lower frequency.

The results of pooled analysis in present study showed that
there was a significant improvement in CR and PR, and
obvious decrease in SD and PD, in the combined treatment
group over the control group. These results indicate that
implantation of radioactive seeds can have a good local
tumour control in NSCLC. The overall trend is consistent with
previous studies,'®* although the effect size of RRs are
significant different among these reports.
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In Zhang's study,'® RRs were reported as 1.84 (95% Cl:
1.65-2.05) and 1.22 (95%ClI: 1.14-1.29) for ORR and DCR
respectively. In Qiu et al.’s study*®, RRs were 3.66 (95% Cl:
2.08 - 6.44, p <0.001), 1.47 (95% Cl: 1.16 - 1.86, p = 0.001),
1.85 (95% CI: 1.54 - 2.22, p <0.001) and 1.19 (95% CI: 1.10
- 1.29, p <0.001) for CR, PR, ORR and DCR respectively. But
we included only RCTs to achieve higher statistical relia-
bility. It also may suggested that short-term therapeutic
assessment was overvalued while mixed with non-RCTs,
then it may delay the choice of further treatment in NSCLC
patients.

Interstitial seed implantation has previously been shown to
significantly improve OS rates in advanced-stage NSCLC
patients relative to chemotherapy.®*' To assess long-term
efficacy of combination treatment with implantation of
radioactive | seeds and systemic therapy, we assessed
one-year and two-year OS rate in present meta-analysis. In
another meta-analysis involving RCTs," it was found that
there was a higher one-year OS (RR = 1.46, 95% Cl: 1.12 -
1.92, p = 0.006 ) in the combined group, meanwhile, no
significant difference in two-year OS ( RR = 1.30, 95% Cl:
0.72 - 2.37, p = 0.39 ). The divergence may be attributed to
eligible trials and different samples, and potential bias may
due to a small sample in the study while mingled with non-
RCTs."”

The main side effects we assessed in our meta-analysis were
pneumothorax, myelosuppression and gastrointestinal symp-
toms. Of these, pneumothorax was the main complication of
implantation, which may have been induced mainly by trans-
pleural puncture. So, the risk of pneumothorax was higher
for patients with seed implantation, compared with those
without invasive treatment. The pooled incidence of pneu-
mothorax detected in present study was 10.9%, which was
in line with reports of rates in previous studies
(14.8%-25.3%)."*%

Myelosuppression including leucopenia, anemia and throm-
bocytopenia, and gastrointestinal symptoms including
nausea, vomiting and diarrhea are common consequences of
chemotherapy and radiotherapy. They were found in
patients in experimental group as well as control group.
Similar to previous reports, there was no significant differ-
ence between two groups.’®'®* Interstitial seed implantation
does not induce an increase in the incidence of myelosup-
pression and gastrointestinal adverse reactions, which were
mainly caused by systemic chemotherapy in included trials.
In the other hand, brachytherapy is associated with fewer
side effects as compared to external beam radiotherapy.

This study has several limitations. First, considering the char-
acteristic of the minimally invasive treatment,* it is difficult
to completely random allocation with blind method, which
may lead to the emergence of bias. Second, the duration of
short-term evaluation was not consistent, which may induce
report bias of clinical responses. Third, various

chemotherapy regimens with different dose were used in the
trials, which might affect the outcome. Fourth, the prescrip-
tion dose of seed-brachytherapy was not the same in the
studies. Fifth, the sample size was small, thereby potentially
adding more selection bias. Hence, more high-quality, multi-
ple-center and large-sample clinical RCTs should be
performed to ensure the clinical efficacy and safety and to
support the wide-spread use of iodine 125 implant in combi-
nation with systemic therapy in NSCLC.

CONCLUSION

These data indicate that combination treatment with iodine
125 implant implantation of radioactive iodine-125 seeds
and systemic therapy can significantly improve clinical
response and prolong two-year OS in NSCLC patients without
increasing the incidence of myelosuppression and gastroin-
testinal symptoms, except pneumothorax.
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