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transarterial chemoembolization
combined with 125I
brachytherapy for patients with
non–small‐cell lung cancer
liver metastases
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Second Affiliated Hospital of Dalian Medical University, Dalian, China, 5Department of Radiology,
Affiliated Zhongshan Hospital of Dalian University, Dalian, China, 6Cancer Interventional Center, The
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Objective: Poor prognosis and limited treatments of liver metastases from

non–small‐cell lung cancer (NSCLC) after radical surgery are critical issues. The

current study aimed to evaluate the efficacy and safety of CalliSpheres
®

microsphere transarterial chemoembolization (CSM-TACE) plus 125I

brachytherapy in these patients.

Methods: A total of 23 patients with liver metastases from NSCLC after radical

surgery were included. All patients received CSM-TACE 1–3 times, then 125I

brachytherapy was carried out following the last CSM-TACE. Complete

response (CR), objective response rate (ORR), disease control rate (DCR),

survival, and adverse events were evaluated.

Results: CR, ORR and DCR were 43.5%, 87.0%, and 100%, respectively, at three

months; furthermore, they were 78.3%, 100%, and 100% accordingly at six

months. Moreover, most European Organization for Research and Treatment

of Cancer Quality of Life Questionnaire-Core 30 (QLQ-C30) subscales of

functions (including physical and emotional function) and symptoms

(including pain, nausea, and vomiting) were generally improved at three

months (all P < 0.05). Furthermore, median progression-free survival (PFS)

was 14.0 [95% confidence interval (CI): 10.4–17.6] months, with a 1-year PFS

rate of 62.9%, but the 2-year PFS rate was not reached. Moreover, the median

overall survival (OS) was 22.0 (95% CI: 16.8–27.2) months, with a 1-year OS rate

of 91.3% and a 2-year OS rate of 43.5%. Additionally, the main adverse events

included fever (100%), pain (65.2%), liver function impairment (65.2%), fatigue
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(56.5%), and nausea and vomiting (52.2%), which were all categorized as

grade 1–2.

Conclusion: CSM-TACE plus 125I brachytherapy is effective and safe in patients

with liver metastases from NSCLC after radical surgery, providing a potentially

optimal option in these patients.
KEYWORDS

non–small‐cell lung cancer liver metastases, CalliSpheres® microsphere transarterial
chemoembolization plus 125I brachytherapy, treatment response, survival,
adverse events
1 Introduction

Non–small‐cell lung cancer (NSCLC) is the second most

common cancer worldwide and one of the leading causes of

cancerous death in China (1, 2). Over the decades, with the

advancement in diagnostic techniques and identification of risk

factors, increasing NSCLC patients are diagnosed at an early

stage and have the opportunity to receive surgical resection (1,

2). However, a proportion of NSCLC patients after radical

surgery may develop tumor metastases, including the liver as

one of the most common metastatic sites (3–5). Currently,

surgery and chemotherapy are recommended for patients with

liver metastases from NSCLC after radical surgery, while the

therapeutic effect is unfavorable (3, 6, 7). Considering that liver

metastasis from NSCLC after radical surgery is still a critical

challenge, the exploration of more effective and safe treatments

is urgent.

In the past years, conventional transarterial chemoembolization

(cTACE) has been viewed as a crucial treatment for liver metastases,

while its therapeutic effect remains unsatisfactory (8–10). Recently,

drug-eluting bead (DEB)-TACE has drawn a lot of attention in liver

metastases, among which DEB-TACE using CalliSpheres®

microspheres (the first self-developed DEB in China) exhibits

satisfying efficacy and tolerable safety not only in primary liver

cancer but also in liver metastases (10–13). For instance,

CalliSpheres® microsphere (CSM)-TACE shows acceptable

survival benefits and tolerable safety in colorectal cancer liver

metastases (13). Moreover, CSM-TACE presents a favorable

treatment response and manageable adverse events in gastric

cancer liver metastases (10). However, the efficacy and safety of

CSM-TACE in liver metastases from NSCLC after radical surgery

are unclear.

It has been reported that 125I seeds can be accurately

implanted into the tumor under the assistance of a three-

dimensional (3D) template, which is able to continuously

release a low dose of radiation on tumor tissue with minimal

invasion and consequently kill tumor cells, leading to favorable
02
efficacy and satisfactory safety in several cancers, including liver

metastases (14–17). Interestingly, it has been reported that the

combination of DEB-TACE and 125I brachytherapy exerts

satisfying efficacy in primary liver cancer (18, 19). However,

the data about the efficacy and safety of their combination in

liver metastases are obscure.

Therefore, the current study aimed to explore the efficacy

and safety of integrated interventional therapy of CSM-TACE

combined with 125I brachytherapy in patients with liver

metastases from NSCLC after radical surgery.
2 Methods

2.1 Patients

From May 2018 to May 2019, the current prospective study

consecutively included 23 patients with liver metastases from

NSCLC after surgical resection who received integrated

interventional therapy of CSM-TACE combined with 125I

brachytherapy after the failure of second or above-line

chemotherapy. The patients were enrolled from four cancer

centers in China and scheduled for integrated interventional

therapy of CSM-TACE combined with 125I brachytherapy. The

inclusion criteria were as follows: 1) pathologically or

imageologically confirmed NSCLC; 2) suffered from liver

metastases after radical surgery for NSCLC, which were

confirmed by puncture biopsy or imageological examinations;

3) age within 18–85 years; 4) failure of second or above-line

chemotherapy for liver metastases; 5) Child–Pugh class A–B; 6)

liver tumor size less than two-thirds of the liver; 7) life

expectancy >6 months. The exclusion criteria were as follows:

1) allergy to drugs or materials used in the study; 2) Child–Pugh

class C; 3) Eastern Cooperative Oncology Group performance

status (ECOG PS) score >2; 4) unable to complete the CSM-

TACE combined with 125I brachytherapy. All patients gave

written informed consent and participated in the study
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voluntarily. The study protocol was approved by the ethics

committees of the following: 1) Affiliated Zhongshan Hospital

of Dalian University; 2) Linyi Cancer Hospital; 3) Beijing

Tsinghua Changgung Hospital; 4) The Second Affiliated

Hospital of Dalian Medical University.
2.2 Treatment

All patients received CSM-TACE 1–3 times. After 1 month

of the last CSM-TACE treatment, the lesions were stabilized (the

active lesions were reduced, and there was no tumor-feeding

artery), and 125I brachytherapy was performed. All patients did

not receive other treatments in parallel in addition to CSM-

TACE and 125I.

CalliSpheres® microsphere transarterial
chemoembolization Procedures

The specific methods were the same as those described in

our previous studies (12, 13). Different from previous studies,

this study used CSM with an inner diameter ranging from 100 to

300 mm to load 20-mg lobaplatin injection. The prepared drug-

loaded microspheres were slowly infused into the tumor-feeding

artery and the regional arteries at the edge of the tumor. The

gelatin sponge particles (150~350 mm) were used as

supplementary embolism materials when the tumor size was

larger than 5 cm, or a bottle of drug-loaded CSM was not enough

to completely embolize the tumor. Criteria for the completion of

embolization were that the blood flow in the blood-supplying

arteries of the tumor was stagnant, and tumor staining

completely disappeared in the angiography.

125I Brachytherapy
The 125I seed implantation was performed as described in

our previous study (15). In brief, domestic radioactive 125I seeds

with a half-life of 60.2 days, an activity of 0.6–0.8 mCi

(1 Ci = 3.7 × l010 Bq), and a g-ray energy of 27–35 keV were

applied in this study. The prescribed dose (PD) in the planned

target area was 110–180 Gy. The main areas of 125I seed

implantation were tumor margin and residual active area.

After the installation of the positioning navigation instrument

and 3D template, the insertion position and angle of the needle

were controlled, and the needle insertion channel was

established according to a preoperative plan. Starting from the

central plane of the tumor, the implanted needles were arranged

in layers, with a lateral margin of 1 cm, a depth of 0.5 cm from

the distal edge, and a distance of more than 1 cm from the skin.

Meanwhile, intraoperative plan modification and target dose

optimization were conducted as well. In addition, the whole

procedure also included the formulation of brachytherapy

treatment planning system (BTPS) preoperative plan and

postoperative dosimetry verification of BTPS.
Frontiers in Oncology 03
After treatment, the results of CSM-TACE were

comprehensively evaluated and the decision to reintervene was

made based on the results of the imaging review. If there were

localized recurrent lesions in the liver, the protocol was repeated

in conjunction with the patient’s physical status, etc.
2.3 Outcome assessment

Using enhanced magnetic resonance imaging or computed

tomography (CT), the treatment response was evaluated at 3 and

6 months after integrated interventional therapy according to

the modified response evaluation criteria in solid tumors

(mRECIST) assessment for hepatocellular carcinoma (20). The

general health status of patients was assessed before and 3

months after integrated interventional therapy using the

European Organization for Research and Treatment of Cancer

Quality of Life Questionnaire-Core 30 (QLQ-C30) scale. The

adverse events of CSM-TACE and 125I were evaluated and

graded referring to the National Cancer Institute Common

Terminology Criteria for Adverse Events (CTCAE, version 4.0,

available at: http://www.eortc.be/services/doc/ctc/CTCAE_4.03_

2010-06-14_QuickReference_5x7.pdf) (myelosuppression and

liver function impairment were evaluated per CTCAE, version

3.0). Moreover, the major complications of 125I were also

recorded. In addition, all patients were consecutively followed

up until May 2021, and progression-free survival (PFS) and

overall survival (OS) were calculated. PFS was defined as the

duration between the initiation of CSM-TACE and disease

progression or patient’s death, whichever occurred first. OS

was defined as the duration between the initiation of CSM-

TACE and the death of the patient. Patients who did not

experience a PFS or OS event at analysis were recorded at

their last date of disease assessment.
2.4 Statistical analysis

Data processing was completed by SPSS 20.0 software (IBM

Corp., Armonk, NY, USA). Data were described as mean with

standard deviation (SD), median with interquartile range (IQR),

or count with percentages, as appropriate. A comparison was

made using Wilcoxon signed rank test or log-rank test. PFS and

OS were displayed by Kaplan–Meier curves. A P value <0.05

indicated statistical significance.
3 Results

3.1 Clinical characteristics

A total of 23 patients were included in the current research.

The mean age was 55.2 ± 10.7 years. Furthermore, there were 17
frontiersin.org
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(73.9%) men and 6 (26.1%) women. Regarding histological types,

19 (82.6%) patients possessed squamous cell carcinoma and 4

(17.4%) patients had adenocarcinoma. With respect to the ECOG

PS score, 18 (78.3%) patients had a score of 0 and 5 (21.7%)

patients had a score of 1. As for the number of liver metastases, 10

(43.5%), 7 (30.4%), and 6 (26.1%) patients had 1–3, 4–5, and ≥6

liver metastases, respectively. Furthermore, 12 (52.2%) patients

presented extrahepatic metastases and 11 (47.8%) patients did not.

Regarding the largest diameter of liver metastases, 5 (21.7%), 7

(30.4%), and 11 (47.8%) patients possessed ≤3-, 3–5-, and >5-cm

liver metastases accordingly. Moreover, 9 (39.1%) and 14 (60.9%)
Frontiers in Oncology 04
patients previously received second-line and third or above-line

systemic treatments, respectively (Table 1).
3.2 Clinical response at 3 and 6 months

The included 23 patients received a total of 47 cycles of

CSM-TACE treatment, with an average of 2.04 ± 0.50 cycles.

Furthermore, a plain CT scan showed that tumors presented

uniformly distributed low-density necrosis and partial tumors

illustrated necrosis in alveolate form on 4 days after CSM-TACE.

Then, 125I brachytherapy was conducted in 37 tumors of 23

patients. Furthermore, the number of 125I seeds ranged from 53

to 119, with an average number of 61.

Using enhanced magnetic resonance imaging or CT,

treatment response was evaluated after 3 and 6 months

among patients treated with integrated interventional

therapy. The data showed that after 3 months, 10 (43.5%), 10

(43.5%), 3 (13.0%), and 0 (0.0%) patients achieved complete

response (CR), partial response (PR), stable disease (SD), and

progressive disease (PD), respectively. Meanwhile, objective

response rate (ORR) and disease control rate (DCR) were

87.0% and 100.0% accordingly. After 6 months, 18 (78.3%), 5

(21.7%), 0 (0.0%), and 0 (0.0%) patients realized CR, PR, SD,

and PD, respectively. Furthermore, both ORR and DCR were

100% (Table 2).
3.3 Quality of life before and at 3 months
after treatment

QLQ-C30 score was used to assess the quality of life of

patients. The data presented that the score of physical function,

emotional function, and general health status were all elevated

at 3 months after treatment (all P < 0.05). Furthermore, the

score of pain, nausea and vomiting, insomnia, and loss of

appetite were all decreased 3 months after treatment (all P <

0.05) (Table 3).
3.4 Progression-free survival and overall
survival evaluation

After integrated interventional therapy, the median PFS was

14.0 [95% confidence interval (CI): 10.4–17.6] months;
TABLE 1 Clinical characteristics.

Items Patients (N = 23)

Age (years), mean ± SD 55.2 ± 10.7

Gender, No. (%)

Men 17 (73.9)

Women 6 (26.1)

Histological type, No. (%)

SCC 19 (82.6)

ADC 4 (17.4)

ECOG score, No. (%)

0 18 (78.3)

1 5 (21.7)

Child–Pugh class, No. (%)

A 19 (82.6)

B 4 (17.4)

Number of liver metastases, No. (%)

1∼3 10 (43.5)

4∼5 7 (30.4)

≥6 6 (26.1)

Extrahepatic metastasis, No. (%)

Present 12 (52.2)

Absent 11 (47.8)

Largest diameter of liver metastases, No. (%)

≤3 cm 5 (21.7)

3∼5 cm 7 (30.4)

>5 cm 11 (47.8)

Previous systemic treatment, No. (%)

Second line 9 (39.1)

Third or above lines 14 (60.9)
SD, standard deviation; SCC, squamous cell carcinoma; ADC, adenocarcinoma; ECOG,
Eastern Cooperative Oncology Group.
TABLE 2 Clinical response at 3 and 6 months after treatment.

Time points CR PR SD PD ORR DCR

3 months 10 (43.5) 10 (43.5) 3 (13.0) 0 (0.0) 20 (87.0) 23 (100.0)

6 months 18 (78.3) 5 (21.7) 0 (0.0) 0 (0.0) 23 (100.0) 23 (100.0)
front
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate.
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meanwhile, the 1-year PFS rate was 62.9% but a 2-year PFS rate

was not reached (NR) (Figure 1A). Additionally, the median OS

was 22.0 (95% CI: 16.8–27.2) months; moreover, the 1- and 2-

year OS rates were 91.3% and 43.5%, respectively (Figure 1B).

In addition, extrahepatic metastasis was not correlated with

PFS (P = 0.324) (Supplementary Figure S1A) or OS (P = 0.484)

(Supplementary Figure S1B); meanwhile, tumor size was

not related to PFS (P = 0.494) (Supplementary Figure S1C) or

OS (P = 0.436) (Supplementary Figure S1D).
Frontiers in Oncology 05
3.5 Adverse events

The adverse events included fever (100%), pain (65.2%), liver

function impairment (65.2%), fatigue (56.5%), nausea and/or

vomiting (52.2%), myelosuppression (4.3%), and biloma (4.3%),

which all belonged to grade 1–2. Meanwhile, no grade 3–4

adverse events were found.

The adverse events related to CSM-TACE included fever,

pain, nausea and vomiting, fatigue, liver function impairment,

and biloma, which were effectively managed after medical

treatment; moreover, there were no severe complications. In

addition, the main adverse events related to 125I brachytherapy

were grade 1 hepatic pain and liver function impairment

(Table 4). Moreover, complications of 125I brachytherapy

included manageable intrahepatic bile duct injury, vascular

injury, and pneumothorax (Supplementary Table S1).
3.6 Presentation of a typical case

The process of a patient with liver metastases from NSCLC

after radical surgery receiving CSM-TACE combined with 125I

brachytherapy was presented in Figure 2, which was used as a

typical case presentation. Before treatment, abdominal enhanced

CT revealed an 8.7 cm × 6.1 cm tumor in the right hepatic lobe

(Figure 2A), whose blood was supplied by hepatic artery

branches indicated by intraoperative digital subtraction

angiography (DSA) (Figure 2B); moreover, DSA 3D

reconstruction presented hepatic space-occupying lesions

(Figure 2C). Then, the patient underwent CSM-TACE. DSA

after intervention presented that tumor staining completely

disappeared and tumor blood vessels were truncated
TABLE 3 QLQ-C30 score before and at 3 months after treatment.

Items QLQ-C30 score, median (IQR) P
value

Before
treatment

3 months after
treatment

Physical function 80.6 (52.4-85.7) 85.6 (85.6-96.4) 0.016

Role function 66.7 (66.5-99.5) 90.3 (65.5-100) 0.165

Cognitive function 83.3 (67.7-100) 90.7 (67.7-100) 0.090

Emotional function 84.3 (68.7-100) 95.7 (83.3-100) 0.020

Social function 66.5 (66.5-100) 100.0 (83.3-100) 0.369

General health status 57.6 (50.0-66.5) 65.7 (65.6-82.3) 0.017

Fatigue 45.1 (34.0-56.0) 12.9 (11.9-34.2) 0.087

Pain 16.5 (0.0-16.5) 0.0 (0.0-16.5) 0.010

Nausea and vomiting 0.0 (0.0-16.5) 0.0 (0.0-0.0) 0.023

Shortness of breath 33.3 (33.3-66.7) 0.0 (0.0-33.3) 0.203

Insomnia 33.3 (0.0-67.0) 0.0 (0.0-33.3) 0.020

Loss of appetite 36.5 (0.0-66.7) 35.3 (0.0-35.3) 0.006

Constipation 0.0 (0.0-16.7) 0.0 (0.0-0.0) 0.300

Diarrhea 0.0 (0.0-16.7) 0.0 (0.0-0.0) 0.900

Financial difficulty 0.0 (0.0-33.3) 0.0 (0.0-16.7) 0.164
QLQ-C30, Quality of Life Questionnaire-Core 30; IQR, interquartile range.
A B

FIGURE 1

Survival of patients with liver metastases from NSCLC after integrated interventional therapy. PFS (A) and OS (B) among patients after integrated
interventional therapy of CSM-TACE combined with 125I brachytherapy. PFS, progression-free survival; OS, overall survival; NSCLC, non–small‐
cell lung cancer; CSM-TACE, CalliSpheres® microsphere transarterial chemoembolization; CI, confidence interval.
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(Figure 2D). One month after the third round of CSM-TACE,

enhanced CT revealed a reduction in size and an integral weak

enhancement of the hepatic lesion (Figure 2E), indicating that

CSM-TACE showed good treatment efficacy. Subsequently, a

simulation plan was constructed before 125I seed implantation

(Figure 2F). Then, CT after intervention showed that the result

of intraoperative 125I seed implantation was similar to the

simulation plan (Figure 2G). After 3 days of 125I

brachytherapy, the abdominal X-ray illustrated that the 125I

seed was distributed well (Figure 2H). After 1 year of

integrated interventional therapy of CSM-TACE combined

with 125I brachytherapy, the distribution of 125I seed was

satisfying without obvious activity (Figure 2I). After 2 years of
Frontiers in Oncology 06
integrated interventional therapy, no obvious changes were

found in tumor lesions (Figure 2J).
4 Discussion

Until now, the prognosis of patients with liver metastases

from NSCLC after radical surgery is still unfavorable due to the

limited efficacy of available treatments (such as chemotherapy

and cTACE) (3, 21). Hence, the exploration of effective and safe

therapy for patients with liver metastases from NSCLC after

radical surgery has been a worldwide concern. In the current

study, we disclosed that the integrated interventional therapy of
TABLE 4 Adverse events.

Items Total Grade 1 Grade 2 Grade 3 Grade 4

Adverse events of CMS-TACE

Fever, No. (%) 23 (100.0) 14 (60.9) 9 (39.1) 0 (0.0) 0 (0.0)

Pain, No. (%) 15 (65.2) 11 (47.8) 4 (17.4) 0 (0.0) 0 (0.0)

Liver function impairment, No. (%) 15 (65.2) 11 (47.8) 4 (17.4) 0 (0.0) 0 (0.0)

Fatigue, No. (%) 13 (56.5) 11 (47.8) 2 (8.7) 0 (0.0) 0 (0.0)

Nausea and/or vomiting, No. (%) 12 (52.2) 9 (39.1) 3 (13.0) 0 (0.0) 0 (0.0)

Myelosuppression, No. (%) 1 (4.3) 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

Biloma, No. (%) 1 (4.3) 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

Adverse events of 125I

Hepatic pain, No. (%) 4 (17.4) 4 (17.4) 0 (0.0) 0 (0.0) 0 (0.0)

Liver function impairment, No. (%) 2 (8.7) 2 (8.7) 0 (0.0) 0 (0.0) 0 (0.0)
fron
CSM-TACE, CalliSpheres® microsphere transarterial chemoembolization.
A B D E

F G IH J

C

FIGURE 2

A typical case. Enhanced CT (A), intraoperative DSA (B), and DSA 3D reconstruction (C) focusing on liver metastases before CSM-TACE. DSA
focusing on liver metastases after CSM-TACE (D). Enhanced CT focusing on liver metastases 1 month after the third round of CSM-TACE
(E). Simulation plan before 125I brachytherapy (F). Intraoperative CT focusing on liver metastases immediately after 125I brachytherapy
(G). Abdominal X-ray focusing on liver metastases 3 days after 125I brachytherapy (H). Enhanced MRI focusing on liver metastases 1 year (I) and 2
years (J) after integrated interventional therapy. CSM-TACE, CalliSpheres® microsphere transarterial chemoembolization; CT, computed
tomography; DSA, digital subtraction angiography; MRI, magnetic resonance imaging.
tiersin.org

https://doi.org/10.3389/fonc.2022.882061
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhao et al. 10.3389/fonc.2022.882061
CSM-TACE combined with 125I brachytherapy presented a

favorable treatment response and survival as well as a

satisfactory safety profile among patients with liver metastases

from NSCLC after radical surgery.

Both CSM-TACE and 125I brachytherapy have been viewed

as effective therapies for liver metastases (10, 13–15). It has been

reported that CR, ORR, and DCR are 14.3%, 78.6%, and 90.5%,

respectively, at 6 months after CSM-TACE in patients with liver

metastases (13). In the current study, we found that among

patients with liver metastases from NSCLC after radical surgery,

CR, ORR, and DCR were 43.5%, 87.0%, and 100%, respectively,

at 3 months; meanwhile, they were 78.3%, 100%, and 100% at 6

months after integrated interventional therapy. The possible

explanations might be that 1) the efficacy of CSM-TACE was

affected by tumor vascular condition, while 125I brachytherapy

distributed inside or around the edges of the tumor as

intentionally planned, thus 125I brachytherapy could

complement the limitation of CSM-TACE, consequently the

combination of the two treatments could present favorable

efficacy (11, 22); 2) CSM-TACE was able to embolize tumor

blood vessels and release a certain concentration of

chemotherapeutic agents into them stably and continuously,

which could realize arterial chemoembolization (12), while 125I

brachytherapy served as radiotherapy, which could continuously

irradiate tumor tissue and kill tumor and surrounding cells at

different stages of fission (15). Thus, CSM-TACE was used to

treat major lesions, while 125I brachytherapy could consolidate

the effect of CSM-TACE by controlling surrounding lesions. The

synergistic effect between CSM-TACE and 125I brachytherapy

contributed to this combination treatment could exert superior

efficacy among patients with liver metastases from NSCLC after

radical surgery (13, 23).

The long-term prognosis of patients with liver metastases

from NSCLC after radical surgery remains poor (5–7, 15).

Moreover, a previous study presented a1-year OS rate of

81.0% in patients with liver metastases after CSM-TACE (13).

Another study also proposes that 1-year OS rate is 73% among

patients with liver metastases after 125I brachytherapy (16). In

the current study, data showed that the median PFS was 14.0

(95% CI: 10.4–17.6) months with a 1-year PFS rate of 62.9%, and

OS was 22.0 (95% CI: 16.8–27.2) months with a 1-year OS rate of

91.3%. Survival after integrated interventional therapy was

relatively better than CSM-TACE or 125I brachytherapy alone

(13, 16), which could be explained by that: 1) favorable

treatment response resulted in satisfactory survival among

patients; 2) CSM-TACE and 125I brachytherapy both served as

locoregional treatments, whose effective time both could last for

a long period, hence the combination of the two treatments

would greatly prolong the survival of patients (14, 15, 24, 25).

Previous studies have reported that the adverse events

related to CSM-TACE mainly include fever, pain, nausea, and

vomiting, which are tolerable and manageable (11, 12, 25).
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Furthermore, the main adverse events related to 125I

brachytherapy are tolerable and controllable intraoperative

pneumothorax and skin ulcerations; moreover, the

complications of 125I brachytherapy (including intrahepatic

bile, vascular injury, and pneumothorax) are all manageable

(14, 15, 22). In the current study, the main adverse events related

to integrated interventional therapy were fever, pain, liver

function impairment, and fatigue, which were all mild and

manageable; meanwhile, there was no severe adverse event.

The possible explanations might be that: 1) CSM-TACE

sustainably released chemotherapy drug in the tumor, which

avoided the spread of the chemotherapy drug into the systemic

circulation, consequently minimizing the toxicity of the

chemotherapy drug (11, 13); 2) 125I seed possessed a short

radial distance, which could kill tumor cells without obvious

injury for the neighboring cells, subsequently elevating the safety

profile (26).

In the current study, the included patients all had failed

systemic therapy: cisplatin, carboplatin, and other drugs that had

been used in previous systemic therapy. Thus, we chose

lobaplatin for TACE in consideration of drug resistance. In

addition, our research center was the tumor center that carried

out microparticle TACE treatment for liver cancer earlier. One

of the main directions of clinical research in the early stage was

to focus on absorbable gelatin sponge particles. The

characteristics of gelatin sponge microspheres were suitable for

regional tumor vascular embolization during TACE surgery,

while other microspheres were not suitable for this method.

Moreover, the absorbability of gelatin sponge microspheres

could also reduce the occurrence of serious liver function

damage, and the absorbability also provided the possibility for

follow-up interventional therapy. Thus, the gelatin sponge

particles (150~350 mm) were used as supplementary embolism

materials in the current study. However, the current study had

several limitations, as follows: 1) the sample size was relatively

small; thus, a larger sample size study was still needed to further

confirm the efficacy of CSM-TACE combined with 125I

brachytherapy; 2) previous studies also propose that the

antitumor immune and metabolic function of the liver still

exists in patients with liver metastases; hence, the effect of

CSM-TACE combined with 125I brachytherapy on these

functions could be explored in the future (3, 27); 3) this study

was single-arm; hence, randomized controlled trials could be

conducted to further verify the efficacy and safety of CSM-TACE

combined with 125I brachytherapy; 4) whether immunotherapy

in addition to CSM-TACE combined with 125I brachytherapy

could promote the management of patients with liver metastases

from NSCLC could be explored in the forthcoming study.

In conclusion, integrated interventional therapy of CSM-

TACE combined with 125I brachytherapy is effective and safe for

patients with liver metastases from NSCLC after radical surgery,

which provides a potentially optimal option for these patients.
frontiersin.org

https://doi.org/10.3389/fonc.2022.882061
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhao et al. 10.3389/fonc.2022.882061
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding authors.
Ethics statement

The study protocol was approved by the Ethics Committee

of Affiliated Zhongshan Hospital of Dalian University. The

patients/participants provided their written informed consent

to participate in this study.
Author contributions

GZ, SL, YL, and JW made substantial contributions to the

design of the present study. Data acquisition was performed by

GZ, SL, YL, XL, GY, YZ, JB, JW, JZ, and FG. Data analysis was

performed by GZ, SL, YL, JW, JZ, and FG. Data interpretation was

performed by GZ, SL, YL, XL, GY, and YZ. GZ, SL, YL, JW, JZ,

and FG critically revised the manuscript for important intellectual

content. All authors approved the final version of the manuscript.

All authors agree to be accountable for all aspects of the work in

ensuring that questions related to the accuracy or integrity of the

work are appropriately investigated and resolved.
Frontiers in Oncology 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fonc.

2022.882061/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Correlation of extrahepatic metastasis with PFS (A) and Correlation of

extrahepatic metastasis and tumor size with survival. OS (B); association of
tumor size with PFS (C) and OS (D). PFS, progression-free survival; OS,

overall survival.
References
1. Alexander M, Kim SY, Cheng H. Update 2020: Management of non-small cell
lung cancer. Lung (2020) 198:897–907. doi: 10.1007/s00408-020-00407-5

2. Wu F, Wang L, Zhou C. Lung cancer in China: Current and prospect. Curr
Opin Oncol (2021) 33:40–6. doi: 10.1097/CCO.0000000000000703

3. Ishige F, Takayama W, Chiba S, Hoshino I, Arimitsu H, Yanagibashi H, et al.
Hepatectomy for oligo-recurrence of non-small cell lung cancer in the liver. Int J
Clin Oncol (2018) 23:647–51. doi: 10.1007/s10147-018-1262-y

4. He Y, Wang Y, Zhang S, Ren S, Li J, Zhou C. Hepatic metastasis is a poor
predictive marker for erlotinib in lung adenocarcinoma. Med Hypotheses (2016)
94:20–2. doi: 10.1016/j.mehy.2016.06.009

5. Bayarri-Lara C, Ortega FG, Cueto Ladron de Guevara A, Puche JL, Ruiz Zafra
J, de Miguel-Perez D, et al. Circulating tumor cells identify early recurrence in
patients with non-small cell lung cancer undergoing radical resection. PloS One
(2016) 11:e0148659. doi: 10.1371/journal.pone.0148659

6. Suzawa K, Soh J, Takahashi Y, Sato H, Shien K, Yamamoto H, et al.
Clinical outcome of patients with recurrent non-small cell lung cancer after
trimodality therapy. Surg Today (2019) 49:601–09. doi: 10.1007/s00595-019-
1774-8

7. Congedo MT, Cesario A, Lococo F, De Waure C, Apolone G, Meacci E, et al.
Surgery for oligometastatic non-small cell lung cancer: Long-term results from a
single center experience. J Thorac Cardiovasc Surg (2012) 144:444–52. doi: 10.1016/
j.jtcvs.2012.05.051

8. Massmann A, Rodt T, Marquardt S, Seidel R, Thomas K, Wacker F, et al.
Transarterial chemoembolization (TACE) for colorectal liver metastases–current
status and critical review. Langenbecks Arch Surg (2015) 400:641–59. doi: 10.1007/
s00423-015-1308-9
9. Huppert P , Wenzel T, Wiethol tz H. Transcatheter arter ia l
chemoembolization (TACE) of colorectal cancer liver metastases by irinotecan-
eluting microspheres in a salvage patient population. Cardiovasc Intervent Radiol
(2014) 37:154–64. doi: 10.1007/s00270-013-0632-0

10. Xu H, Min X, Ren Y, Yang L, Liu F. Comparative study of drug-eluting
beads versus conventional transarterial chemoembolization for treating peculiar
anatomical sites of gastric cancer liver metastasis. Med Sci Monit (2020) 26:
e922988. doi: 10.12659/MSM.922988

11. Liang B, Xiang H, Ma C, Xiong B, Ma Y, Zhao C, et al. Comparison of
chemoembolization with CalliSpheres((R)) microspheres and conventional
chemoembolization in the treatment of hepatocellular carcinoma: A multicenter
retrospective study. Cancer Manag Res (2020) 12:941–56. doi: 10.2147/
CMAR.S187203

12. Zhao G, Liu S, Chen S, Ren Z, Li C, Bian J, et al. Assessment of efficacy and
safety by CalliSpheres versus HepaSpheres for drug-eluting bead transarterial
chemoembolization in unresectable large hepatocellular carcinoma patients.
Drug Deliv (2021) 28:1356–62. doi: 10.1080/10717544.2021.1943057

13. Zhao G, Liu S, Zhang Y, Zhao T, Wang R, Bian J, et al. Irinotecan eluting
beads-transarterial chemoembolization using Callispheres(R) microspheres is an
effective and safe approach in treating unresectable colorectal cancer liver
metastases. Ir J Med Sci (2021) 191(3): 1139–45. doi: 10.1007/s11845-021-02629-9

14. He J, Li Q. Clinical efficacy of (125)I seed implantation in the treatment of
delayed hepatic metastasis from colon carcinoma. Zhonghua Zhong Liu Za Zhi
(2016) 38:223–7. doi: 10.3760/cma.j.issn.0253-3766.2016.03.012

15. Zhao GS, Liu S, Yang L, Li C, Wang RY, Zhou J, et al. Evaluation of
radioactive (125)I seed implantation for the treatment of refractory malignant
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.882061/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.882061/full#supplementary-material
https://doi.org/10.1007/s00408-020-00407-5
https://doi.org/10.1097/CCO.0000000000000703
https://doi.org/10.1007/s10147-018-1262-y
https://doi.org/10.1016/j.mehy.2016.06.009
https://doi.org/10.1371/journal.pone.0148659
https://doi.org/10.1007/s00595-019-1774-8
https://doi.org/10.1007/s00595-019-1774-8
https://doi.org/10.1016/j.jtcvs.2012.05.051
https://doi.org/10.1016/j.jtcvs.2012.05.051
https://doi.org/10.1007/s00423-015-1308-9
https://doi.org/10.1007/s00423-015-1308-9
https://doi.org/10.1007/s00270-013-0632-0
https://doi.org/10.12659/MSM.922988
https://doi.org/10.2147/CMAR.S187203
https://doi.org/10.2147/CMAR.S187203
https://doi.org/10.1080/10717544.2021.1943057
https://doi.org/10.1007/s11845-021-02629-9
https://doi.org/10.3760/cma.j.issn.0253-3766.2016.03.012
https://doi.org/10.3389/fonc.2022.882061
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhao et al. 10.3389/fonc.2022.882061
tumours based on a CT-guided 3D template-assisted technique: efficacy and safety.
BMC Cancer (2020) 20:718. doi: 10.1186/s12885-020-07223-3

16. Nag S, DeHaan M, Scruggs G, Mayr N, Martin EW. Long-term follow-
up of patients of intrahepatic malignancies treated with iodine-125
brachytherapy. Int J Radiat Oncol Biol Phys (2006) 64:736–44. doi: 10.1016/j.
ijrobp.2005.08.029

17. Yondorf MZ, Faraz S, Smith AW, Sabbas A, Parashar B, Schwartz TH, et al.
Dosimetric differences between cesium-131 and iodine-125 brachytherapy for the
treatment of resected brain metastases. J Contemp Brachyther (2020) 12:311–16.
doi: 10.5114/jcb.2020.98109

18. Li S, He X, Dang L, Xu F, Fang J, Li F, et al. Efficacy of (125)I versus non-
(125)I combined with transcatheter arterial chemoembolization for the treatment
of unresectable hepatocellular carcinoma with obstructive jaundice. Dig Dis Sci
(2018) 63:321–28. doi: 10.1007/s10620-017-4899-x

19. Sun H, Zhang M, Liu R, Liu Y, Hou Y, Wu C. Endovascular implantation of
(125)I seed combined with transcatheter arterial chemoembolization for
unresectable hepatocellular carcinoma. Future Oncol (2018) 14:1165–76.
doi: 10.2217/fon-2017-0354

20. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for
hepatocellular carcinoma. Semin Liver Dis (2010) 30:52–60. doi: 10.1055/s-0030-
1247132

21. El-Osta HE, Mott FE, Burt BM,Wang DY, Sabichi AL. Predictors of benefits
from frontline chemoimmunotherapy in stage IV non-small-cell lung cancer: A
Frontiers in Oncology 09
meta-analysis . Oncoimmunology (2019) 8:e1665974. doi : 10.1080/
2162402X.2019.1665974

22. Li CG, Zhou ZP, Jia YZ, Tan XL, Song YY. Radioactive (125)I seed
implantation for pancreatic cancer with unexpected liver metastasis: A
preliminary experience with 26 patients. World J Clin cases (2021) 9:792–800.
doi: 10.12998/wjcc.v9.i4.792

23. Foldi G, Polgar C, Zongor Z, Melles-Bencsik B, Stelczer G, Madaras B, et al.
Stereotactic body radiotherapy of liver metastasis: early experience. Magy Onkol
(2018) 62:62–7.

24. Midorikawa Y, Takayama T, Moriguchi M, Yagi R, Yamagishi S, Nakayama
H, et al. Liver resection versus embolization for recurrent hepatocellular carcinoma.
World J Surg (2020) 44:232–40. doi: 10.1007/s00268-019-05225-2

25. Peng Z, Cao G, Hou Q, Li L, Ying S, Sun J, et al. The comprehensive
analysis of efficacy and safety of CalliSpheres® drug-eluting beads
transarterial chemoembolization in 367 liver cancer patients: A multiple-
center , cohort study. Oncol Res (2020) 28:249–71. doi : 10.3727/
096504019X15766663541105

26. Jia SN, Wen FX, Gong TT, Li X, Wang HJ, Sun YM, et al. A review on the
efficacy and safety of iodine-125 seed implantation in unresectable pancreatic
cancers. Int J Radiat Biol (2020) 96:383–89. doi: 10.1080/09553002.2020.1704300

27. Yu J, Green MD, Li S, Sun Y, Journey SN, Choi JE, et al. Liver metastasis
restrains immunotherapy efficacy viamacrophage-mediated T cell elimination.Nat
Med (2021) 27(1):152–64. doi: 10.1038/s41591-020-1131-x
frontiersin.org

https://doi.org/10.1186/s12885-020-07223-3
https://doi.org/10.1016/j.ijrobp.2005.08.029
https://doi.org/10.1016/j.ijrobp.2005.08.029
https://doi.org/10.5114/jcb.2020.98109
https://doi.org/10.1007/s10620-017-4899-x
https://doi.org/10.2217/fon-2017-0354
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1080/2162402X.2019.1665974
https://doi.org/10.1080/2162402X.2019.1665974
https://doi.org/10.12998/wjcc.v9.i4.792
https://doi.org/10.1007/s00268-019-05225-2
https://doi.org/10.3727/096504019X15766663541105
https://doi.org/10.3727/096504019X15766663541105
https://doi.org/10.1080/09553002.2020.1704300
https://doi.org/10.1038/s41591-020-1131-x
https://doi.org/10.3389/fonc.2022.882061
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	CalliSpheres&reg; microsphere transarterial chemoembolization combined with 125I brachytherapy for patients with non–small&dash;cell lung cancer liver metastases
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Treatment
	CalliSpheres&reg; microsphere transarterial chemoembolization Procedures
	125I Brachytherapy

	2.3 Outcome assessment
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 Clinical response at 3 and 6 months
	3.3 Quality of life before and at 3 months after treatment
	3.4 Progression-free survival and overall survival evaluation
	3.5 Adverse events
	3.6 Presentation of a typical case

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


