Gastrointestinal Oncology

Baishideng Publishing Group Inc



World Journal of
/(/ (7 4 Gastrointestinal

Oncology

Contents Monthly Volume 12 Number 2 February 15, 2020
REVIEW
124  Biomarkers for detecting colorectal cancer non-invasively: DNA, RNA or proteins?

Loktionov A

149  Caffeine and its main targets of colorectal cancer
Cui WQ, Wang ST, Pan D, Chang B, Sang LX
MINIREVIEWS
173 Pancreatic ductal adenocarcinoma: Treatment hurdles, tumor microenvironment and immunotherapy
Sarantis P, Koustas E, Papadimitropoulou A, Papavassiliou AG, Karamouzis MV
ORIGINAL ARTICLE
Retrospective Cohort Study
182  FOLFIRINOX vs gemcitabine/nab-paclitaxel for treatment of metastatic pancreatic cancer: Single-center
cohort study
Cho IR, Kang H, Jo JH, Lee HS, Chung MJ, Park JY, Park SW, Song SY, An C, Park MS, Bang S
Retrospective Study
195  Prognostic scoring system for synchronous brain metastasis at diagnosis of colorectal cancer: A population-
based study
Quan JC, Guan X, Ma CX, Liu Z, Yang M, Zhao ZX, Sun P, Zhuang M, Wang S, Jiang Z, Wang XS
Observational Study
205  Neuropathy experienced by colorectal cancer patients receiving oxaliplatin: A qualitative study to validate
the Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity scale
Kaiser K, Lyleroehr M, Shaunfield S, Lacson L, Corona M, Kircher S, Nittve M, Cella D
219  Clinical value evaluation of serum markers for early diagnosis of colorectal cancer
Song WY, Zhang X, Zhang Q, Zhang PJ, Zhang R
SYSTEMATIC REVIEWS
228  Yttrium-90 radioembolization for unresectable hepatic metastases of breast cancer: A systematic review
Feretis M, Solodkyy A
CASE REPORT
237  Cryoablation combined with radiotherapy for hepatic malignancy: Five case reports

Liu YE, Zong J, Chen XJ, Zhang R, Ren XC, Guo ZJ, Liu CX, Lin Q

Jaishidengs WJGO | https://www.wjgnet.com I February 15,2020 | Volume12 | Issue2 |


https://www.wjgnet.com

Contents

World Journal of Gastrointestinal Oncology
Volume 12 Number 2 February 15, 2020

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Wael
M Abdel-Rahman, MD, PhD, Professor, Department of Medical Laboratory
Sciences, College of Health Sciences and Environment and Cancer Research
Group, Sharjah Institute for Medical Research, University of Sharjah,
Sharjah 27272, United Arab Emirates

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World |
Gastrointest Oncol) is to provide scholars and readers from various fields of
gastrointestinal oncology with a platform to publish high-quality basic and
clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings
obtained in the field of gastrointestinal oncology and covering a wide range
of topics including islet cell adenoma, liver cell adenoma, adenomatous
polyposis coli, appendiceal neoplasms, bile duct neoplasms, biliary tract
neoplasms, hepatocellular carcinoma, islet cell carcinoma, pancreatic ductal
carcinoma, cecal neoplasms, colonic neoplasms, colorectal neoplasms,
hereditary nonpolyposis colorectal neoplasms, common bile duct
neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder
neoplasms, efc.

INDEXING/ABSTRACTING

The W]GO is now indexed in Science Citation Index Expanded (also known as
SciSearch®), PubMed, and PubMed Central. The 2019 edition of Journal Citation
Reports® cites the 2018 impact factor for W]GO as 2.758 (5-year impact factor: 3.220),
ranking ]GO as 52 among 84 journals in gastroenterology and hepatology (quattile in
category Q3), and 131 among 229 journals in oncology (quartile in category Q3).

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Lu-Lu Qi

Proofing Production Department Director: Xiang Li

NAME OF JOURNAL
World Journal of Gastrointestinal Oncology

ISSN
ISSN 1948-5204 (online)

LAUNCH DATE
February 15, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF

Monjur Ahmed, Rosa M Jimenez Rodriguez, Pashtoon Kasi

EDITORIAL BOARD MEMBERS

https://www.wjgnet.com/1948-5204/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
February 15, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wjgnet.com/bpg/getinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wignet.com/bpg/Gerlnfo /287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wignet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT

https:/ /www.wijgnet.com/bpg/getinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wignet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

Reishidenge WJGO | https://www.wjgnet.com

I

February 15,2020 | Volume12 | Issue2 |



W\J|¢

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/ wjgo.v12.i2.237

World Journal of
Gastrointestinal
Oncology

World ] Gastrointest Oncol 2020 February 15; 12(2): 237-247

ISSN 1948-5204 (online)

CASE REPORT

Cryoablation combined with radiotherapy for hepatic malignancy:

Five case reports

Yue-E Liu, Jie Zong, Xue-Ji Chen, Rui Zhang, Xiao-Cang Ren, Zhi-Jun Guo, Chao-Xing Liu, Qiang Lin

ORCID number: Yue-E Liu
(0000-0002-4222-2061); Jie Zong
(0000-0002-0407-8636); Xue-Ji Chen
(0000-0001-7429-7458); Rui Zhang
(0000-0003-4207-0675); Xiao-Cang
Ren (0000-0001-5632-1434); Zhi-Jun
Guo (0000-0002-0388-3254); Chao-
Xing Liu (0000-0002-0299-3312);
Qiang Lin (0000-0001-9599-4121).

Author contributions: Liu YE
participated in the design of the
subject and drafted the manuscript;
Zong ], Chen X], Zhang R and Ren
XC participated in the therapy for
these five patients and the
interpretation of data; Guo ZJ
participated in the design of the
subject and the interpretation of
radiological data; Liu CX
participated in the design of the
subject and helped to the writing of
the manuscript; Lin Q designed the
subject and interpreted the data,
who is responsible for the whole
manuscript. All authors issued
final approval for the version to be
submitted.

Supported by Health Commission
of Hebei Province, No. G2018068.

Informed consent statement:
Consent was obtained from the
patient for publication of this
report and any accompanying
images.

Conflict-of-interest statement: The
authors declare that they have no
conflicts of interest.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the guidelines
from the check list have been
adopted in the preparation of this

Jaishidengs WJGO | https://www.wjgnet.com 237

Yue-E Liu, Jie Zong, Xue-Ji Chen, Rui Zhang, Xiao-Cang Ren, Zhi-Jun Guo, Qiang Lin,
Department of Oncology, North China Petroleum Bureau General Hospital, Hebei Medical
University, Renqiu 062552, Hebei Province, China

Zhi-Jun Guo, Department of Radiology, North China Petroleum Bureau General Hospital,
Hebei Medical University, Renqiu 062552, Hebei Province, China

Chao-Xing Liu, Department of Oncology, No.1 Hospital of Shijiazhuang City, Shijiazhuang
050000, China

Corresponding author: Qiang Lin, Professor, Department of Oncology, North China Petroleum
Bureau General Hospital, Hebei Medical University, 8 Huizhan Avenue, Renqiu 062552,
Hebei Province, China. zyy lq@petrochina.com.cn

Abstract

BACKGROUND

The survival of patients treated with monotherapy for hepatic malignancies is not
ideal. A comprehensive program of cryoablation combined with radiotherapy for
the treatment of hepatic malignancies results in less trauma to the patients. It may
provide an option for the treatment of patients with advanced hepatic
malignancies.

CASE SUMMARY

We reported 5 cases of advanced-stage hepatic malignancies treated in our
hospital from 2017-2018, including 3 cases of primary hepatocellular carcinoma
and 2 cases of metastatic hepatic carcinoma. They first received cryoablation
therapy on their liver lesions. The procedure consisted of 2 freeze-thaw cycles,
and for each session, the duration of freezing was 13-15 min, and the natural re-
warming period was 2-8 min. Depending on the tumor size, the appropriate
cryoprobes were selected to achieve complete tumor ablation to the greatest
extent possible. After cryoablation surgery, intensity-modulated radiotherapy
(IMRT) for liver lesions was performed, and the radiotherapy regimen was 5400
cGy/18f and 300 cGy/£. None of the 5 patients had adverse events above grade
II, and their quality of life was significantly improved. Among them, 4 patients
were free of disease progression in the liver lesions under local control, and their
survival was prolonged; 3 patients are still alive.
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CONCLUSION

Our clinical practice demonstrated that cryoablation combined with IMRT could
be implemented safely. The definitive efficacy for hepatic malignancies needs to
be confirmed in larger-size sample prospective studies.

Key words: Hepatic malignancies; Primary hepatocellular carcinoma; Metastatic hepatic
carcinoma; Cryoablation; Intensity-modulated radiotherapy; Case report

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The therapeutic efficacy of monotherapy for primary hepatocellular carcinoma
(HCC) and secondary HCC is usually poor, and thus, combination therapy is needed. A
treatment plan of cryoablation combined with radiotherapy is safe and effective and may
result in survival benefits to patients.
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INTRODUCTION

Hepatic malignancies include primary hepatocellular carcinoma (HCC) and
secondary hepatocellular HCCI'l. Primary HCC is one of the most common
malignancies seen in clinical practice. Hepatic resection and orthotopic liver
transplantation are considered radical treatments for HCC, while surgery is the first-
line treatment for primary HCC. In China, most patients with HCC also have liver
cirrhosis, and most have already reached the intermediate or advanced stages of HCC
at the time of diagnosis; moreover, only approximately 20%-30% of patients have an
opportunity for hepatic resection. Currently, sorafenib is one of the standard drugs
used to treat advanced-stage HCC, but the median overall survival rate is only 6.5
mol’. Additionally, the liver is one of the most common sites for metastatic tumors.
When a tumor has metastasized to the liver, the patient is already at an advanced
stage and has a poor prognosis. Currently, the treatment effect on such patients is not
ideal, and new local and systemic treatments are needed. Local ablation therapy,
which has been widely utilized in recent years, is associated with less trauma and
definite therapeutic effect, which offers the opportunity of radical treatment to some
patients with hepatic malignancies who cannot or who are unable to tolerate hepatic
resection.

Local ablation therapy directly targets tumors under the guidance of medical
imaging technology. This is a treatment method that directly kills tumor tissue by
local adoption of physical or chemical methods. It mainly includes radiofrequency
ablation (RFA), microwave ablation, cryoablation, high-intensity focused ultrasound
(HIFU) ablation, and percutaneous ethanol injection, among others. Among them,
cryoablation has been increasingly applied to the local ablation of hepatic
malignancies due to its advantages such as causing minimal damage to the great
vessels, low incidence of pain, and controllable iceball formation.

The principle of cryoablation is based on the gas throttling effect (Joule-Thomson
principle), which states that after a high-pressure gas flows through a small orifice, it
expands rapidly in the expansion space and absorbs the surrounding heat; this
significantly reduces the surrounding temperature. Therefore, the physical
destruction of tumor tissue and cells is achieved through freeze-thaw cycles. The
mechanisms of cryoablation can be divided into freezing damage, thawing damage,
microvascular damage, and immunomodulatory mechanisms. Generally, it is thought
that the threshold temperature that induces cell death is -40 °ClY. After repeated
freeze-thaws of tumor cells, the cells burst and the cell membrane dissolves, which
promotes the release of hidden antigens in the cell and stimulates the body to produce
antibodies. With the death of tumor cells, the immunosuppressive state of the tumor
on the body is removed. Therefore, the body’s anti-tumor immunity is enhanced, and
the immune-destroying effect on the tumor cells is activated.
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To achieve complete and sufficient targeted tumor destruction, the tumors were
frozen until the iceball extended approximately 3-5 mm beyond the tumor margin,
which can be accurately monitored by imaging techniques such as ultrasound,
computed tomography (CT), and magnetic resonance imaging (MRI)F.

The Asia-Pacific clinical practice guidelines for the treatment of primary HCC
recommends the following!"!: Local ablation is suitable for Child-Pugh class A or B
patients with 3 or fewer tumors, each 3 cm or less in diameter. RFA is the first-line
image-guided percutaneous ablation technique that is recommended. Many studies
have shown that for the local ablation of primary HCC, cryoablation is as effective as
RFA. A multicenter randomized controlled trial of 360 patients with primary HCC
showed that for lesions less than or equal to 4 cm and lesions less than or equal to 2
cm, both cryoablation and RFA achieved similar therapeutic effectst’l. The 1-, 3-, and
5-year overall survival rates were 97%, 67%, and 40% for cryoablation, respectively,
and 97%, 66%, and 38% for RFA, respectively (P = 0.747). The 1-, 3-, and 5-year tumor-
free survival rates were 89%, 54%, and 35% in the cryoablation group, respectively,
and 84%, 50%, and 34% in the RFA group, respectively (P = 0.628).A recent meta-
analysis compared the therapeutic efficacy of cryoablation and RFA in patients with
hepatic malignancies and 7 articles that met the inclusion criteria were included®. The
meta-analysis showed an almost equal mortality of at least 6 mo, and no significant
difference was observed in local tumor progression between the 2 groups. The studies
discussed above showed that the therapeutic efficacy of cryoablation and RFA was
similar for early-stage primary HCC.

Cryoablation is also one of the major therapies for unresectable HCC. In 2003, Xu et
alt"! reported the use of cryoablation in 105 masses from 65 patients with HCC.
Among the 41 patients who were followed-up for more than 1 year, 32 patients (78%)
were alive despite tumor recurrence, 7 patients (10.8%) died due to disease
recurrence, and 3 patients (5%) died of non-cancer-related diseases. Chen et all'!l
applied cryoablation to treat unresectable HCC and found that the 1- and 3-year
overall survival rates were 81% and 60%, respectively, while the 1-and 3-year disease-
free survival rates were 68% and 21%, respectively. The 1- and 3-year overall survival
rates of patients with recurrent HCC were 70% and 29%, respectively, while the 1-and
3-year disease-free survival rates were 54% and 8%, respectively.

Similarly, cryoablation is also effective for metastatic hepatic tumors. Chang et all'’l
reported that for the 19 patients who underwent cryoablation for liver metastases
after gastrectomy for primary gastric cancer, the median overall survival was 16.0 mo,
the median local tumor progression-free survival was 8.0 mo, and the 1-, 2-, and 3-
year overall survival rates were 78.9%, 43.4%, and 21.7%, respectively. The patients’
quality of life also improved after cryoablation therapy (P < 0.05) and no severe
complications occurred. In summary, cryoablation is suitable for both primary and
secondary HCC and is safe and effective for the treatment of advanced-stage hepatic
malignancies.

Intensity-modulated radiation therapy (IMRT) technology has become increasingly
advanced and can simultaneously effectively protect normal hepatic tissue and
deliver a high dose of radiation to the targeted area of HCC to improve therapeutic
efficacy; this confirms the status of radiotherapy in the treatment of HCCU"l.

The application of radiotherapy in the comprehensive treatment of HCC has
gradually increased, especially for further improvement of poor efficacy after local
treatment [for example, after transcatheter arterial chemoembolization (TACE)] or to
target residual tumor at the margins of lesions. Radiotherapy can improve therapeutic
efficacy of unresectable primary HCC treatment, improve the local control, and at the
same time, effectively protect normal hepatic tissue and improve patient prognosist'l.

Radiotherapy causes irreversible damage to the DNA of tumor cells in the
irradiation field and induces tumor cell death through apoptosis, necrosis, and
autophagy, among other mechanisms!'>'l. It also promotes the release of tumor-
related antigens!'”], increases the production of cytokines, alters the tumor
microenvironment, and activates the body’s immune system to initiate an anti-tumor
immune response. Postow ef all'! proposed the “Abscopal Effect”, that is, a
phenomenon related to local radiotherapy and the regression of metastatic cancer
distant from the radiation site, which may be related to activation of the immune
system. The mechanism of action may be that radiotherapy induces tumor cells to
release a large amount of antigen in a short period of time; T lymphocytes are then
activated after APC presentation and activated T lymphocytes (cytotoxic
lymphocytes) can then act on primary and metastatic tumor cells.

Studies have shown that cryotherapy can sensitize dendritic cells to enhance their
antigen presenting ability and promote their secretion of IL-4, IL-12, and other
cytokines; cryoablation can also promote T and B cell proliferation and activation and
can induce the body’s immune system to play an anti-tumor role. Sidana et all"”!
proposed the model of cryoimmunotherapy, that is, cryotherapy combined with other
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immunotherapy treatment to enhance the immunostimulating response. While
cryoablation controls the primary tumor, it also enhances the body’s anti-tumor
immune response to effectively control tumor recurrence and metastasis.

The results of the study by Mu et al®! showed that the therapeutic efficacy of
combination therapy of cryoablation and chemotherapy drugs for patients with
advanced HCC was significantly better than that of cryoablation alone. The overall
survival rate of the patients increased significantly. In addition, the overall survival
rate of patients with early use of the combined multiple treatment plan was
significantly better than that of patients who used monotherapy or who delayed the
use of combination therapy. Studies have shown that cryoablation combined with
immunotherapy could improve the median survival duration of patients and can play
an anti-tumor role. This suggests that cryoablation combined with multiple other
therapies can achieve fair therapeutic efficacy. Radiotherapy can activate the immune
system, and hence, it has an anti-tumor function. In theory, cryoablation combined
with IMRT may have a synergistic effect to enhance efficacy.

The effective freezing range of cryoablation should be 1 cm beyond the margin of
the tumor?!], that is, the surgical resection margin. In theory, all tumor tissues can be
inactivated with no remaining residual tumor cells. Only through this method can
significant efficacy be achieved. However, in clinical practice, cryoablation therapy
may not be able to inactivate all tumor cells due to the tumor location, insertion
pathway, the tumor blood supply and surrounding great vessels, and many other
factors. Therefore, residual tumor cells can easily appear around the formed iceball.
The postoperative supplementary treatment can effectively kill the minimal residual
lesions and improve therapeutic efficacy.

IMRT can effectively solve the problem of residual tumor that forms around the
iceball after cryoablation therapy. For tumor tissues with an abundant blood supply,
residual tumor may be present after cryoablation. Therefore, IMRT administration at
this time can effectively kill the residual tumors. IMRT is therefore a beneficial
supplement after cryoablation. It is well known that hypoxic cells comprise a high
proportion of tumor cells in the tumor center and that they are resistant to
radiotherapy, while cryoablation can effectively kill the central area of the tumor that
is relatively abundant with anaerobic cells. Therefore, cryoablation combined with
IMRT may play a synergistic and complementary role, which could improve the local
control rate of liver lesions. To the best of our knowledge, cryoablation combined with
IMRT is rarely reported, and for the first time, we report the clinical cases of this
combination therapy.

CASE PRESENTATION

Case 1
Chief complaints: We treated a 59-year-old male patient with liver metastases from
colon cancer.

History of present illness: The patient underwent radical resection of colorectal
cancer in December 2014. Postoperative pathology: Differentiated adenocarcinoma of
the colon and liver metastasis were found after surgery. The XELOX chemotherapy
regimen was administered for 4 cycles. Resection of the liver metastasis was
performed on April 2, 2015. In July 2016, the carcinoembryonic antigen (CEA) level
was elevated and new metastatic lesions were observed in the liver. In August 2016,
TACE was performed for 1 cycle, and 8 cycles of capecitabine monotherapy were
given, followed by stable efficacy evaluation. On May 25, 2017, the left hepatic lobe
containing the metastatic tumor grew larger, and the disease progressed. Hepatic
arteriography + chemoembolization was performed once, FOLFOX4 chemotherapy
was given for 1 cycle and FOLFIR chemotherapy was given for 3 cycles, and the
disease progressed again after second-line treatment. On August 29, 2017, hepatic
arteriography + embolization was performed once.

History of past illness: There was no significant past medical history or family
history of malignancy.

Physical examination upon admission: Physical examination of the patient showed
no apparently positive signs.

Laboratory examinations: CEA 246.14 ng/mlL, sugar antigen 19-9 128.02 U/mL.

Imaging examinations: The metastatic lesion in the left lobe of the liver was larger
than that after the previous treatment.
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Case 2
Chief complaints: We treated a 45-year-old male patient with primary HCC with
hepatic metastatic and formation of a right branch of the portal vein.

History of present illness: In March 2014, the patient was diagnosed with primary
HCC, which was located near the great vessels and could not be surgically resected.
TACE was performed twice in March 2014 and on April 14, 2014, and HIFU ablation
was performed on May 11, 2014. The third TACE treatment was performed in June
2014, and in July 2014, liver radiotherapy was performed 16 times with a total
radiation dose 4800 cGy/16f. On May 17, 2017, new liver lesions were found with an
increased alpha-fetoprotein (AFP) level of 888 IU/mL. The patient underwent liver
CT on July 24, 2017, which revealed right hepatic cancer and right portal vein thrombi
formation. Therapeutic efficacy evaluation: Disease progression.

History of past illness: This patient had a history of hepatitis B-associated cirrhosis
for 20 years and was untreated. A history of hypertension for 5 years.

Physical examination upon admission: The patient had hepatic tenderness.

Laboratory examinations: On May 17, 2017, Alpha fetoprotein increased to
1000IU/ mL (upper limit of detection value in our hospital).

Imaging examinations: On July 24, 2017, liver enhanced CT scan: Right HCC, right
portal vein thrombus formation.

Case 3
Chief complaints: A 41-year-old female diagnosed with primary HCC.

History of present illness: On March 16, 2017, right lobe liver cancer was diagnosed
by both liver MRI and CT with an AFP level of 259IU/mL. Two TACE treatments
were performed on April 1, 2017, and May 11, 2017.

History of past illness: This patient had a history of hepatitis B-associated cirrhosis
for 10 years and was untreated.

Physical examination upon admission: Physical examination of the patient showed
no apparently positive signs.

Laboratory examinations: On July 25 2017, Alpha fetoprotein was 22.34 IU/mL.

Imaging examinations: Enhanced abdominal CT suggested that the lesion at the top
of the right lobe of HCC changed after interventional surgery.

Case 4
Chief complaints: A 61-year-old male diagnosed with primary HCC, with multiple
liver metastases, cirrhosis, and ascites.

History of present illness: On December 20, 2015, he diagnosed with primary HCC
by MRI and CT, with multiple liver metastases, cirrhosis, and ascites. TACE was
performed 4 times on December 9, 2015, January 18, 2016, February 14, 2016, and May
17, 2016. Hepatic encephalopathy occurred on November 11, 2016, and improved after
treatment. TACE was given 4 times successively on February 9, 2017, May 4, 2017,
June 14, 2017, and August 21, 2017.

History of past illness: This patient had a history of hepatitis B-associated cirrhosis
for more than 20 years and was untreated.

Physical examination upon admission: Physical examination of the patient showed
no apparently positive signs.

Laboratory examinations: On August 17, 2017, Alpha fetoprotein increased to 376.47
IU/mL and saccharide antigen 19-9 was 62.38 U/mL.

Imaging examinations: Abdominal CT showed postoperative changes of lesions in
the right lobe of the liver, cirrhosis, portal hypertension, and open abdominal
collateral vessels.

Case 5
Chief complaints: A 61-year-old female was diagnosed with Spinal canal invasion
after thoracolumbar fibrosarcoma surgery (T12L1) multiple intrahepatic metastasis.

History of present illness: On December 13, 2014, the patient underwent posterior
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lumbar laminectomy for intraspinal tumors (extramedullary subdural) and adnexal
tumors. Local tumor recurrence occurred 3 mo after surgery, and the tumor at the
recurrence site was controlled after three-dimensional conformal radiotherapy and
HIFU ablation. MRI findings on May 15, 2017: New metastatic lesions in the liver.
Ultrasound-guided liver space occupying biopsy pathology (May 26, 2017, pathology
no. 1901664): Consistent with fibrosarcoma metastasis to the liver; the disease had
progressed again. Three TACE treatments and HIFU ablation of the metastatic liver
lesions were given. Therapeutic efficacy evaluation: Stable. On January 5, 2018, the
patient was reexamined by enhanced CT: A rich blood supply was observed around
the liver metastatic lesions, which was indicative of tumor recurrence. TACE
treatment was performed once on January 17, 2018. However, no further treatment
was given due to personal reasons. Reexamination of upper abdominal MRI +
enhancement in June 2018: Progression of liver metastasis.

History of past illness: This patient had a history of hypertension for 12 years.

Physical examination upon admission: Physical examination of the patient showed
no apparently positive signs.

Laboratory examinations: The serum chemistries and complete blood count was
normal.

Imaging examinations: MRI scan of liver suggested the progression of liver
metastases.

FINAL DIAGNOSIS

Case 1
Radical resection of colon cancer with multiple hepatic metastases.

Case 2

(1) Primary HCC with hepatic metastasis of portal vein thrombus formation; (2)
Decompensated period of cirrhosis after chronic viral hepatitis Band; and (3)
Hypertension.

Case 3
(1) Primary HCGC; and (2) Chronic viral hepatitis band liver cirrhosis with an enlarged
spleen.

Case 4

(1) Primary HCC with multiple intrahepatic metastasis; and (2) Decompensated
period of cirrhosis after chronic viral hepatitis Band, Celiac effusion, hepatic
encephalopathy.

Case 5
(1) Spinal canal invasion after thoracolumbar fibrosarcoma surgery (T12L1) multiple
intrahepatic metastasis; and (2) Hypertension.

TREATMENT

Case 1

On September 19, 2017, hepatic metastatic tumor cryoablation was performed. Before
the procedure, a raster and spiral CT was used for guidance and localization. After
determining the insertion point and insertion angle, routine sterilized drape was used
in the operative area. Two cryoprobes 2.4 mm in diameter were selected and inserted
at the predetermined location on the lesion under CT guidance, and then cryotherapy
was initiated. Two freeze-thaw cycles were used in the cryotherapy process. Freezing
occurred for 15 min during the first cycle, which was followed by natural rewarming
for 2 min; freezing occurred for 15 min during the second cycle. No adverse events
(AEs) such as pneumothorax and hemorrhage were encountered during the surgery.
From October 25, 2017, IMRT for metastatic liver tumors was performed.
Radiotherapy regimen: 5400 cGy/18f and 300 cGy/f.

Case 2
On July 25, cryoablation for the hepatic liver lesion was performed: 2 cryoprobes 1.7
mm and 2.4 mm in diameter were selected and inserted at the predetermined location
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on the lesion under CT guidance, and then cryotherapy was initiated. Two freeze-
thaw cycles were performed in the cryotherapy process. Freezing occurred for 15 min
during the first cycle, which was followed by natural rewarming for 8 min; freezing
occurred for 15 min during the second cycle. The surgery went well and only a small
degree of pneumothorax occurred. On September 24, 2017, HIFU ablation of the right
portal vein thrombi was performed. On October 17, 2017, liver lesion radiotherapy
was initiated with a total dose of radiotherapy of 5400 cGy/18f and 300 cGy/f.

Case 3

On July 25, 2017, cryoablation of the hepatic lesions was performed under local
anesthesia: 2 cryoprobes 1.7 mm and 2.4 mm in diameter were selected and inserted at
the predetermined location on the lesion under CT guidance, and then cryotherapy
was initiated. Two freeze-thaw cycles were used in the cryotherapy process. Freezing
occurred for 15 min during the first cycle, which was followed by natural thawing for
8 min; freezing occurred for 15 min during the second cycle. The surgery went
smoothly, and only a small degree of pneumothorax occurred. On September 5, 2017,
she began radiotherapy for the lesion in the right lobe of the liver. Radiotherapy
regimen: 5400 cGy/18f and 300 cGy/f. The radiotherapy was completed on
September 28, 2017.

Case 4

Cryoablation of hepatic lesions was performed on September 3, 2017: 4 cryoprobes 2.4
mm in diameter were selected and inserted at the predetermined location on the
lesion under CT guidance, and then cryotherapy was initiated. Two freeze-thaw
cycles were used in the cryotherapy process. Freezing occurred for 15 min during the
first cycle, which was followed by natural thawing for 8 min; freezing occurred for 15
min during the second cycle. The surgery went smoothly, and a small degree of
pleural effusion was observed on the right side. On October 24, 2017, this patient
began radiotherapy for the hepatic lesion. Radiotherapy regimen: 5400 cGy/18f and
300 cGy/f. The radiotherapy was completed on November 26, 2017.

Case 5

Cryoablation of the hepatic tumor was performed on July 5, 2018: 2 cryoprobes 1.7
mm in diameter were selected and inserted at the predetermined location on the
lesion under CT guidance, and then cryotherapy was initiated. Two freeze-thaw
cycles were used in the cryotherapy process. Freezing occurred for 13 min during the
first cycle, which was followed by natural rewarming for 5 min; freezing occurred for
13 min during the second cycle. The surgery was performed without incident. On
August 6, 2018, radiotherapy of the liver lesions was initiated. Radiotherapy regimen:
5400 cGy/18f and 300 cGy/f{; radiotherapy ended on August 30, 2018.

OUTCOME AND FOLLOW-UP

Case 1
CEA decreased to 126.63 ng/mL, and carbohydrate antigen 19-9 decreased to 76.62
U/mL. Postoperative oral monotherapy (tegafur chemotherapy) was administered for
1 cycle. Reexamination on June 2018: The lesions treated by cryoablation had no blood
supply. but new liver lesions were observed. Overall evaluation: Disease progression.
On June 29, 2017, radioactive iodine-131 seed implantation was performed. On
October 29, 2018, a new bone metastasis was found, and on November 6, 2018, TACE
was performed. Clinical death occurred on March 13, 2019. The local control duration
of the hepatic lesions was 17 mo and clinical death occurred 18 mo after cryoablation
therapy.

Case 2

On April 14, 2018, a new pulmonary metastasis was found at reexamination and the
disease was in progression. On April 25, 2018, pulmonary interventional perfusion
chemotherapy (TAE) was performed once, and on June 10, 2018, cryoablation was
performed on the lesion in the right lung. On June 22, 2018, new lesions were found in
the periphery of the hepatic lesion treated with cryoablation. Evaluation: Disease
progression. Death occurred on September 16, 2018. The local control time of the
hepatic lesion was 11 mo, and clinical death occurred 14 mo after cryoablation
therapy.

Case 3
AFP dropped to normal and she began treatment with oral entecavir (an anti-viral
treatment) from September 28, 2017. She now lives a normal life and is still alive. The
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liver lesion has been under control for 20 mo.

Case 4

Alphafetoprotein decreased during follow-up. He began treatment with oral entecavir
(an anti-viral treatment) from November 26, 2017. After treatment, he lived
completely independently and is still alive. The liver lesion has been controlled for 19
mo.

Case 5
Reexamination in October 2018: Liver cryoablation lesions were stable, but lesions in
both lungs were increased. Overall evaluation: Disease progression. Oral treatment of
anlotinib was given, and the Karnofsky Performance Score (KPS) was 80. After
cryoablation therapy, the patient lived independently and is still alive. The liver lesion
treated with cryoablation has been controlled for 9 mo.

A summary of each patient was shown on Table 1.

DISCUSSION

Most patients have already reached the intermediate or advanced stages of HCC at
the time of diagnosis, and therefore, they lose the opportunity for radical surgery. In
China, 85%-90% of liver cancer occurs as a result of post-hepatitis cirrhosis, and many
patients cannot tolerate surgery. At the same time, the liver is also a common target
organ for metastasis of some malignant tumors, such as colorectal cancer, breast
cancer, pancreatic cancer, melanoma, and renal cancer, among others. Due to multiple
metastatic lesions, the surgical resection rate is low, and the therapeutic effect is
dismal.

Cryoablation has the characteristics of rapid rewarming, cold temperature freezing,
and reversal of hot and cold. It can rapidly reduce the temperature of lesioned tissue
to -140 °C with argon gas, which causes rapid freezing of the lesion site!'l. Then, it
eliminates the lesion using heat via rapid thawing with helium gas. This type of
therapy has advantages in destroying cancer cells while effectively preserving normal
hepatic tissues; this therapy is also associated with a quick recovery, minimal trauma,
and high reproducibility and is also simple to performt’.

Rong et all*! selected 866 patients with primary HCC who met the Milan criteria
(single lesions less than or equal to 5 cm, multiple lesions less than or equal to 3 cm,
and each lesion was less than or equal to 3 cm) for cryoablation. The complete
ablation rate reached 96.1%, and the postoperative 1-, 3-, and 5- year survival rates
were 98.6%, 80.6%, and 60.3%, respectively, but the corresponding local recurrence
rates were 10.7%, 22.1%, and 24.2%, respectively. Yang et al”! treated 300 primary
HCC patients with cryoablation therapy, after which the therapeutic efficacy, safety,
and complications were evaluated. In all, 165 of the patients had incomplete ablation,
while 135 had complete ablation. The median follow-up time was 36.7 mo. For the
patients with early-, intermediate-, and advanced-stage HCC, the postoperative 1-, 2-,
and 3-year survival rates were 91%, 85%, and 65%,respectively, for early-stage HCC,
while the rates were 87%, 62%, and 45%,respectively, for intermediate-stage HCC; the
rates were 73%, 25%, and 12%, respectively, for advanced-stage HCC. The median
survival duration for patients with early-, intermediate-, and advanced-stage disease
was 45.7 £ 3.8 mo, 28.4 £ 1.2 mo and 17.7 = 0.6 mo, respectively. One study included
124 primary HCC patients treated with cryoablation), including 16 with early-stage
disease, 42 with intermediate-stage disease, and 66 with advanced stage disease. After
cryoablation of the tumors, the serum level of AFP was reduced in 76 (82.6%) patients,
and 205 (92.3%) of the 222 tumor lesions were diminished or unchanged. The median
survival time was 31.3, 17.4, and 6.8 mo for those in the early, intermediate, and
progressive stages, respectively. The above studies indicate that cryoablation is an
effective treatment for both early-, intermediate-, and advanced-stage primary HCC.

Qian et alreported 1-year survival rates of 80% and 46% for 34 patients with
secondary and recurrent HCC, respectively, treated with cryoablation therapy. Littrup
et al”! performed cryoablation on a total of 370 tumors in 176 patients with metastatic
liver cancer, with an average follow-up time of 1.8 years. The local tumor recurrence
rates of colorectal cancer and non-colorectal cancer with liver metastasis were 11.1%
and 9.4%, respectively. The average time to local recurrence of liver metastasis was 9.5
mo for colorectal cancer and 7.9 mo for non-colorectal cancer. Another study®”! with
the results of long-term follow-up also confirmed that cryoablation was a safe and
effective ablation technique for patients with liver metastases from colorectal cancer.
In this study, 304 patients with liver metastases from advanced colorectal cancer were
treated with cryoablation. 293 of them were analyzed. The median overall survival
time was 29 mo, and the survival rates of 1, 3, 5 and 10 years were 87% 41.8%, 24.2%,
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Table 1 Summary of patients

Treatment Cryoablation +
Final options L CLY Continue  Follow-up Local .
Case Sex Age (yr) diagnosis before ARy e control Survival
9 cryoabla-  Cryoabla-  Radiothe- time (mo)
tion tion rapy
1 M 59 Radical Disease was 2 5400 cGy Chemothe- 18 17 No, died on
resection of progressive cryoprobes, /18f, 300 rapy, March 13,
colon cancer after third-  total cGy/f radioactive 2019
with line treatment iodine-131
multiple treatment  time: 31 min seed
hepatic for liver implantation
metastases  metastasis
after colon
cancer
surgery
2 M 45 Primary Disease was 2 5400 cGy TACE, 14 11 No, died on
hepatoce-  progressive cryoprobes, /18f, 300 Cryoabla- September
1lular after first total cGy/f tion for 16,2018
carcinoma  line treatment metastatic
with hepatic treatment  time: 38 min lung lesion
metastasis of
portal vein
thrombus
formation
3 F 41 Primary Disease was 2 5400 cGy Entecavir 20 20 Yes
hepatoce-  stable after  cryoprobes, /18f, 300
llular first-line total cGy/f
carcinoma  treatment treatment
time: 38 min
4 M 61 Primary Disease was 4 5400 cGy Entecavir 19 19 Yes
liver cancer  progressive cryoprobes, /18f, 300
with after TACE  total cGy/f
multiple first-line treatment
intrahepatic treatment time: 35 min
metastasis
5 F 61 Spinal canal Disease was 2 5400 cGy The liver 9 9 Yes
invasion progressive cryoprobes, /18f, 300 lesion was
after after fifth -  total cGy/f stable;
thoraco- line treatment anlotinib
lumbar treatment time: 31 min was taken
fibrosar- after orally
coma palliative
surgery surgery
(T12L1)
multiple
intrahepatic
metastasis

TACE: Transcatheter arterial chemoembolization.
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13.3%, respectively. The median disease-free survival was 9 mo.
In summary, experimental and clinical applications show that cryoablation is safe

and effective for the treatment of hepatic malignancies. Cryoablation is an effective
and acceptable new local therapy for metastatic liver cancer. Moreover, iceball
formation can be observed by the naked eye. Cryoablation has a very small effect on
the surrounding great vessels and can be performed alone or in combination with
other methods such as radiotherapy, chemotherapy, immunology, or surgery to better
control the lesions.

Our clinical practice also demonstrated that cryoablation combined with IMRT for
primary and secondary HCC is safe and effective and is well tolerated with minor
AEs. Some patients had a small degree of pneumothorax and pleural effusion, but
none had AEs above Grade II. The local control time of liver lesions ranged from 9-20
mo (we continued to follow-up patients who already had 9 mo of local control). Three
patients are still alive, and the KPS scores are all 80 points or above. For these 5
patients with liver malignancies, as planned, we adopted the combination treatment
strategy by using cryoablation followed by local radiotherapy. Serious complications
did not occur and good clinical efficacy was achieved.
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CONCLUSION

Our clinical practice demonstrated that cryoablation combined with IMRT could be
implemented safely. The definitive efficacy for hepatic malignancies needs to be
confirmed in larger-size sample prospective studies.
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