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== Outcomes of surgical resection and
transarterial chemoembolization in
elderly patients with hepatocellular
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Abstract
Ang RCK Significance: There is controversy on management options for early to
Ahorro JS intermediate hepatocellular carcinoma (HCC) in elderly patients due to
Bustamante CA concerns about safety and efficacy. This meta-analysis aimed to evaluate the
Panlilio MTT overall survival (OS) and treatment complications of surgical resection (SR)
and transarterial chemoembolization (TACE) in elderly compared to non-
Division of Internal Medicine elderly HCC patients. Methodology: A systematic search in MEDLINE,
National Kidney and Cochrane Library, Scopus, and ScienceDirect from inception up to October
Transplant Institute 2021 was made to identify comparative studies with outcomes of SR and TACE
East Avenue, Quezon City in elderly and non-elderly patients with HCC. Results: Thirty-nine studies were
1100 Philippines included. The elderly group had more comorbidities than the non-elderly
group. Among those who underwent SR, there were more postoperative
Correspondence: complications in the elderly (OR 1.16; 95%Cl 1.03, 1.39, p = 0.02). In terms of
Dr. Roy Christopher K. Ang 0S, there were similar outcomes in the first year (OR 0.93; 95%Cl 0.71, 1.21,
roy3krypton@gmail.com p =0.59), third year (OR 0.96; 95%CI 0.85, 1.07, p = 0.44), and fifth year (OR

0.82; 95%Cl 0.68,1.00, p = 0.05). Among patients who underwent TACE, there
was a similar prevalence of post-procedure complications (OR 0.95; 95%Cl
0.71, 1.26, p = 0.72). Survival outcomes were also similar between the elderly
and non-elderly group in the first year (OR 1.21; 95%Cl 0.78, 1.88, p = 0.39),
third year (OR 1.21; 95%CI 0.79, 1.85, p = 0.37), and fifth year (OR 0.70;
95%Cl 0.40, 1.23, p = 0.22). Conclusion: Long-term outcomes of SR and TACE
are similar between elderly and non-elderly patients with HCC. Hence, age
alone should not disqualify HCC patients from receiving curative resection, or
even locoregional therapies such as TACE.

Keywords: hepatocellular carcinoma, elderly, transarterial chemoembolization,
surgical resection

* This paper was presented at the following conferences: (a) Oral presentation at the Philippine Liver Meeting 2022, January 27 to
28, 2022, won first place, meta-analysis category; (b) Oral Presentation at the Joint Annual Convention of the Tripartite Philippine
Society of Gastroenterology, Philippine Society of Gastroenterology, Philippine Society of Digestive Endoscopy and Hepatology
Society of the Philippines, March 11 to 12, 18 to 19, 2022, won second place, meta-analysis category; (c) E-poster presentation at the
31st Conference of Asian Pacific Association for the Study of the Liver, Coex, Seoul, South Korea, March 30 to April 3, 2022, Travel
Grant Awardee; (d) Free paper presentation at the 6t Korea Digestive Disease Week, Grand Hyatt Incheon, South Korea, December
1to 3, 2022.



Hepatocellular carcinoma (HCC) accounts for 75% of
liver cancers, which is the seventh most common cancer
in the world. The highest incidence rates of
hepatocellular carcinoma are in Asia and Africa.l In the
Philippines, it ranks as the fourth most common cancer
per 100,000 persons in 2005 and is the second most
common cause of cancer death among all cancer types.?

The risk of developing HCCis age dependent.® Its peak
incidence in most countries is >75 years*, while in the
Philippines, the reported mean age of diagnosis is at 60
years old.? It is expected that the number of elderly with
HCC will increase due to increasing number of non-
hepatitis causes of HCC and the effect of antivirals in
delaying development of HCC in patients with chronic
hepatitis.>

In the 2018 guidelines on the management of HCC,
the American Association for the Study of Liver Diseases
(AASLD) divided therapeutic options into curative and
non-curative interventions. Curative therapies include
surgical resection (SR), orthotopic liver transplantation,
and ablative techniques such as thermal ablation. On
the other hand, non-curative therapies include
transarterial chemoembolization (TACE),
transarterial radio embolization (TARE), stereotactic
body radiation therapy (SBRT) and systemic
chemotherapy, all of which attempt to prolong survival
by slowing tumor progression.®

Age-specific treatment guidelines in HCC are lacking
and current literature suggests varying outcomes.
Because aging is associated with increasing
comorbidities, decreased liver mass, and hepatic blood
flow, treatment allocation for the elderly remains
controversial.® The cut-off age for the elderly is
conventionally defined as 65 years or even older’, with
most comparative studies using the age cut-off of 70
years. It has been shown that elderly patients with
HCC are more likely to choose percutaneous
procedures than surgical resection and TACE.®

Most recent studies report comparable outcomes
between elderly and non-elderly patients, as supported
by the meta-analysis of Hung et al. in 2015.° However,
conflicting data still exist, raising concerns about
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prognosis and tolerability of the elderly to more
aggressive treatment modalities. Most studies report
similar survival rates for both elderly and non-elderly
patients. This is in contrast with other studies, including
that of Hirokawa et al.,!* Liu et al.,** and Santambrogio
et al.,? which showed worse outcomes in the elderly
after surgical resection. On the other hand, outcomes
were comparable for post-TACE patients. One
particular study by Yau et al. however showed better
outcomes in the elderly.3

Conflicting evidence despite the large number
of studies in the background of an aging
population® warrants periodic assessment  of
therapeutic outcomes. This meta-analysis therefore
aimed to compare the outcomes of elderly and non-
elderly patients with hepatocellular carcinoma who
underwent surgical resection and transarterial
chemoembolization. It aimed to determine if there
was no significant difference in overall survival,
disease-free survival, postoperative complications, and
postoperative mortality between elderly and non-
elderly HCC patients who underwent SR. Furthermore,
it aimed to determine if there was no significant
difference  in the OS and post-procedure
complications between elderly and non-elderly HCC
patients who underwent TACE.

Materials and Methods
Database Search

A systematic search for surgical resection and TACE
with comparative outcomes in elderly vs. non-elderly with
hepatocellular carcinoma was done in MEDLINE,
Cochrane Library, Scopus, and ScienceDirect from
inception up to October 2021 (Table 1). Reference lists
from previous meta-analysis and systematic reviews
were also examined.

Search terms included the following: hepatocellular
carcinoma, elderly or aged, surgical resection,
transarterial chemoembolization or TACE, and survival.
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Table 1. Database sources

Source

Search Terms

(((Hepatocellular OR Liver) AND (cancer OR carcinoma)) OR hepatoma) AND
("aged"[MeSH Terms] OR elder* OR old) AND (young OR non-elderly OR "non

Medline

elderly") AND ("surgical outcomes" OR resection OR "locoregional therapy" OR TACE

OR "transarterial chemoembolization") AND (survival OR progression)).
Filters applied to human studies and English language studies.

(Hepatocellular Carcinoma) OR (Liver AND neoplasm OR tumor) AND (Aged OR Old

Cochrane Library

age OR elder) AND (resection) OR

(Hepatocellular OR Liver) AND (Cancer OR Carcinoma) AND (elder OR old) AND

Scopus

(resection OR hepatectomy OR TACE OR transarterial chemoembolization) AND

(survival OR progression) OR

(((Hepatocellular OR Liver) AND (cancer OR carcinoma)) AND (elder OR old) AND

Science-Direct

(resection OR TACE OR "transarterial chemoembolization")

Inclusion Criteria

Initially identified were all published studies that
were observational, either prospective or retrospective,
comparing the outcomes of surgical resection and/or
transarterial chemoembolization in elderly and non-
elderly hepatocellular carcinoma patients.

Exclusion Criteria

Studies that had multiple age cut-offs, those that
included non-HCC liver tumors, and ten patients or less
were excluded in the meta-analysis.

Definitions

“Elderly” was defined as more than 65 years of age.
Other demographic and clinical characteristics were
reviewed. Studies with cirrhosis diagnosed on the basis
of clinical, radiographic, or surgical biopsy, were
identified. The presence of Hepatitis B virus (HBV) and
Hepatitis C (HCV) virus infection, as determined by
HBsAg positivity and Anti-HCV antibody or HCV RNA
positivity, respectively, were also identified. The
prevalence of comorbidities, classified as cardiovascular
(CV), pulmonary/respiratory, renal comorbidities, or
diabetes mellitus, was identified. The Charlson
comorbidity index, if reported, was also included in the
meta-analysis. Treatment complications and
postoperative mortality were those that occurred within
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the same hospitalization or 30 days from surgical
resection or transarterial chemoembolization. For
studies that defined postoperative complications based
on the Clavien-Dindo classification®®, Class Ill and above
complications were considered. Overall survival and
disease-free survival in the first, third, and fifth years
were included in the outcomes.

Data Extraction and Analysis

Three investigators (Ang, Ahorro, and Bustamante)
independently screened studies that met the inclusion
criteria and none of the exclusion criteria. Data was
extracted independently by three independent
investigators, and encoded in a prepared table that
included study characteristics, demographic and clinical
characteristics, and outcomes. Data reported as
percentage were calculated as frequency. For studies
that performed propensity score matching analysis,
post-propensity data was extracted. Issues encountered
were resolved by agreement of at least two
investigators.

Statistical Analysis

Chi-square test was used to compare clinical and
demographic characteristics of elderly and non-elderly
patients, with a p value of less than 0.05 considered
statistically significant. The meta-analysis was performed
using Revman 5.4.1. Outcomes were treated as binary.



Odds ratios and 95% confidence intervals were
computed using available post-propensity data for each
of the outcomes. Heterogeneity was assessed by the
Cochrane Q test, with significant heterogeneity if value
exceeded 30%. Both fixed and random effect models,
using Mantel-Haenszel, were calculated. Random effect
model was used for significant heterogeneity, while
fixed effect model was used if no significant
heterogeneity was identified. A p-value of less than 0.05
was considered statistically significant. Publication bias
was analyzed using funnel plot.

Results
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Included Studies

A total of 2,904 references were identified and
thirty-nine studies were included in the meta-analysis
(Figure 1). Thirty-six studies were included in the SR
group, while six studies were included in the TACE group.
Three studies included both SR and TACE groups. Table 2
shows the characteristics of the studies included in the
meta-analysis. The largest study included in the meta-
analysis was that of Xing, et al.*®, which compared 259
elderly patients with 1,875 non-elderly patients who
underwent curative-intent hepatectomy for
hepatocellular carcinoma.

Identification of studies via databases

(n=2,904)

MEDLINE (n=1,318)
Cochrane Library (n =323)
Scopus (n = 736)
ScienceDirect (n = 528)

Identification

Records identified databases

Records removed before screening:
e Non-English language records
removed by filters (n = 185)

e Non-human studies removed

by filters (n = 20)

\

l

N\

Records screened
(n=2,699)

e Records excluded by
reading title and abstract
(n=2,493)

® Duplicate articles removed

)

5——/

\

Screening

(n=142)

Records excluded based on ff:

Reports assessed for
eligibility (n = 64)

e Inclusion of non-HCC (n = 2)

e Multiple age cut-offs (n =5)

e Review articles (n = 8)

e Qutcomes not including survival
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and complications (n = 10)

Studies included in
review (n =39)

Included

Figure 1. Selection process of meta-analyses. HCC, hepatocellular carcinoma
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Table 2. Characteristics of included studies

Study Country/Region Enrollment Period Design Age cut-off Treatment (SR/TACE)

Poon 1999(16) Hong Kong 1989-1997 Prospective 70 SR/TACE
Wu 1999(17) Taiwan 1991-1997 Retrospective 80 SR
Yau 2009(13) Hong Kong 1989-2006 Prospective 70 SR/TACE
Hanazaki 2001(18) USA 1983-1997 Retrospective 70 SR
Ferrero 200519 Italy 1985-2003 Retrospective 70 SR
Zhou 2006(20) China 1995-2002 Retrospective 65 SR
Kondo 200821 Japan 1990-2007 Retrospective 70 SR
Huang 2009(22) China 1983-2006 Retrospective 70 SR
Kaibori 2009(23) Japan 1992-2007 Retrospective 70 SR
Qishi 2009(24) Japan 1990-2006 Prospective 75 SR
Portolani 201125 Italy 1992-2009 Retrospective 70 SR
Mirici-Cappa 2010 Italy 1987-2004 Retrospective 70 SR/TACE
Lee 2012(26) Korea 2000-2010 Retrospective 70 SR
Yamada 2012(27) Japan 1992-2009 Retrospective 80 SR
Faber 2013(28) Germany 2000-2010 Prospective 70 SR
Hirokawa 201310) Japan 2000-2011 Retrospective 70 SR
Ide 2013(29) Japan 2000-2010 Retrospective 75 SR
Nishikawa 2013(30) Japan 2003-2012 Prospective 75 TACE
Taniai 201361 Japan 1990-2010 Retrospective 75 SR
Ueno 201362 Japan 2001-2010 Retrospective 75 SR
Liu 2014(11) Taiwan 2002-2013 Prospective 75 SR/TACE
Mori 201433) Japan 2000-2012 Retrospective 70 SR
Nozawa 201434 Japan 2000-2010 Retrospective 70 SR
Wang 2014(5) China 2007-2012 Retrospective 70 SR
Wang H 20146 China 2009-2013 Retrospective 65 SR
Kim 201567) Korea 2006-2010 Retrospective 70 SR
Kishida 2015(38) Japan 2005-2010 Retrospective 75 SR
Motoyama 2015(39) Japan 1990-2013 Retrospective 75 SR
Sato 201540 Japan 2000-2010 Retrospective 75 SR
Santambrogio 2017(12) Italy 1998-2015 Prospective 75 SR
Famularo 201841 Italy 2005-2015 Prospective 75 SR
Hsu 2018(42) Taiwan 2003-2014 Prospective 70 SR
Okamura 2018(43) Japan 2002-2014 Retrospective 75 SR
Yu 201844 China 1998-2013 Retrospective 70 SR
Wu 2019145) Taiwan 1992-2016 Retrospective 85 SR
Xing 2019(46) China 2003-2016 Retrospective 70 SR
Chen 2020147) China 2006-2016 Retrospective 65 SR
Mosconi 2020(48) Italy 2011-2016 Retrospective 70 TACE
Shin 2020049 Korea 2012-2018 Retrospective 70 SR

Surgical Resection

A total of 16,100 patients who underwent surgical
resection for hepatocellular carcinoma were included.
Tables 3 and 4 show the clinical and demographic
characteristics of all patients. There were differences in
the sex distribution, hepatitis B status, and hepatitis C
status. More elderly patients had hepatitis C, while more
non-elderly patients had hepatitis B. Similar to the
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largest study included, this study also showed a greater
number of comorbidities and cirrhosis in the elderly. But
the studies included did not specify how cirrhosis was
diagnosed. Comorbidities identified were cardiovascular
(CV), pulmonary, renal, or diabetes mellitus. Only the
study of Famularo, et al.*! included information about
the Charlson comorbidity index. Table 5 shows the
outcomes of surgical resection in the included studies.
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Table 3. Demographic characteristics, Child Pugh status, and prevalence of viral hepatitis in patients who underwent
surgical resection

Male Child Pugh A Hepatitis B Hepatitis C
p<0.001 p=0.713 p <0.001 p <0.001
Non-
Elderly Elderly Non- Non- Non- Non-
Study n n Elderly Elderly Elderly Elderly Elderly  Elderly Elderly  Elderly
Poon 1999016 31 299 21 255 30 285 16 257 N/A N/A
Wu 199917 21 239 19 190 16 194 6 140 N/A N/A
Hanazaki 200118 103 283 71 222 76 226 19 67 57 115
Ferrero 20059 64 177 47 145 54 138 7 38 39 69
Zhou 20060 54 125 48 107 46 119 32 106 N/A N/A
Kondo 200821 109 219 79 159 99 197 11 79 57 89
Huang 200922 67 268 68 222 63 257 44 238 5 3
Kaibori 200923 155 333 119 269 139 302 15 67 111 231
Qishi 200924 64 502 48 381 59 427 1 119 45 330
Portolani 2011 175 276 126 227 163 253 30 85 79 88
Mirici-Cappa 2010® 43 142 32 116 40 123 3 21 24 66
Lee 20120 61 90 48 75 N/A N/A 35 83 11 2
Yamada 2012" 11 267 6 205 9 245 4 73 6 154
Faber 201328 63 78 N/A N/A N/A N/A N/A N/A N/A N/A
Hirokawa 201310 100 120 69 99 88 98 N/A N/A 68 60
Ide 2013 64 192 43 157 57 168 8 42 44 125
Taniai 20136Y 63 353 39 271 56 265 N/A N/A N/A N/A
Ueno 201362 66 186 43 151 60 169 33 186 37 98
Liu 201410 129 730 107 571 119 694 493 730 46 164
Mori 201433) 64 131 41 106 50 93 N/A N/A 53 94
Nozawa 201484 172 239 125 197 N/A N/A 67 239 121 115
Wang 201463 56 152 40 120 48 122 150 152 2 2
Wang H 201468 207 1336 166 1128 N/A N/A 1127 1336 N/A N/A
Kim 201567 60 219 46 168 N/A N/A 140 219 11 17
Kishida 201568 22 82 20 66 2 81 25 82 12 35
Motoyama 201569 113 499 80 381 107 469 115 499 75 280
Sato 20150 34 195 25 155 25 162 49 195 20 99
Santambrogio 2017112 53 115 30 89 53 115 20 115 38 80
Famularo 2018“Y 92 92 41 23 85 88 17 92 49 45
Hsu 2018142 79 178 62 146 73 159 125 178 16 31
Okamura 201843 111 310 90 252 109 300 76 310 46 141
Yu 201844 23 58 21 46 21 48 37 58 - -
Wu 2019¢5) 31 1858 25 1421 27 1612 873 1858 13 590
Xing 20196) 259 1875 223 1644 249 1696 1682 1875 8 71
Chen 202047 92 738 73 654 84 659 672 738 2 5
Shin 202019 49 184 41 143 N/A N/A N/A N/A N/A N/A

N/A: no data reported
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Table 4. Prevalence of cirrhosis and comorbidities in patients who underwent surgical resection

Renal Diabetes Respiratory
Cirrhosis CV Comorbidity Comorbidity Mellitus Comorbidity
p<0.001 p<0.001 p <0.001 p<0.001 p<0.001
Non- Non- Non- Non- Non- Non-
Study Elderly Elderly Elderlyn Elderly Elderly Elderly Elderly Elderly Elderly Elderly Elderly Elderly

Poon 19996 31 299 8 146 N/A N/A N/A N/A N/A N/A N/A N/A
Wu 1999¢7) 21 239 17 186 6 13 0 3 3 13 3 2
Hanazaki 200118 103 283 47 155 25 31 N/A N/A 32 24 20 21
Ferrero 2005(1% 64 177 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Zhou 2006129 54 125 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Kondo 2008¢Y 109 219 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Huang 2009122 67 268 52 217 N/A N/A N/A N/A N/A N/A N/A N/A
Kaibori 200913 155 333 56 140 60 53 7 2 36 22 25 14
Oishi 200924 64 502 20 330 N/A N/A N/A N/A N/A N/A N/A N/A
Portolani 2011%?) 175 276 113 182 68 75 12 13 47 73 37 35
Mirici-Cappa 20108 43 142 37 133 N/A N/A N/A N/A N/A N/A N/A N/A
Lee 2012029 61 90 39 29 N/A N/A N/A N/A N/A N/A N/A N/A
Yamada 20127 11 267 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Faber 20138 63 78 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Hirokawa 2013(10 100 120 49 69 N/A N/A N/A N/A N/A N/A N/A N/A
Ide 2013 64 192 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Taniai 20136Y 63 353 28 185 N/A N/A N/A N/A N/A N/A N/A N/A
Ueno 201362 66 186 30 107 11 7 3 6 40 81 10 15
Liu 201401 129 730 N/A N/A N/A N/A N/A N/A N/A N/A N/A
Mori 201433) 64 131 N/A N/A 41 40 N/A N/A 9 N/A N/A
Nozawa 2014634 172 239 N/A N/A 13 9 5 4 65 66 13 9
Wang 20146°) 56 152 N/A N/A 6 6 N/A N/A 4 4 4 8
Wang H 20149 207 1336 N/A N/A 14 28 6 21 39 78 22 25
Kim 201567 60 219 18 78 N/A N/A N/A N/A 15 30 N/A N/A
Kishida 201568 22 82 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Motoyama 201569 113 499 36 208 16 35 N/A N/A 21 122 14 21
Sato 20150 34 195 11 64 8 7 N/A N/A 4 34 2 3
Santambrogio 20170 53 115 N/A N/A N/A N/A N/A N/A 16 30 N/A N/A
Famularo 20184Y 92 92 65 65 20 7 4 2 21 19 15 5
Hsu 2018142 79 178 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Okamura 20183 111 310 N/A N/A N/A N/A N/A N/A 40 95 N/A N/A
Yu 201844 23 58 4 12 11 7 N/A N/A 2 4 3 1
Wu 2019¢43) 31 1858 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Xing 2019e) 259 1875 169 1359 N/A N/A N/A N/A N/A N/A N/A N/A
Chen 20207 92 738 59 534 N/A N/A N/A N/A N/A N/A N/A N/A
Shin 20209 49 184 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A: no data reported; CV comorbidity: cardiovascular comorbidity
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Table 5. Demographic characteristics, Child Pugh status, and prevalence of viral hepatitis in patients who underwent

transarterial chemoembolization.

Male Child Pugh A Hepatitis B Hepatitis C
p <0.001 p<0.001 p <0.001 p<0.001
Non- Non- Non- Non- Non-
Study Elderly Elderly Elderly Elderly Elderly Elderly Elderly Elderly Elderly Elderly

Poon 19996 67 317 54 272 52 262 N/A N/A N/A N/A
Yau 20093 197 843 143 715 165 674 112 429 21 43
Mirici-Cappa 2010®) 158 396 117 301 113 234 19 44 94 202
Nishikawa 2013 39 271 604 222 446 233 453 99 31€ 94 210
Liu 201401 66 84 34 63 53 52 0 13 47 49
Mosconi 2020148 80 145 45 126 69 86 5 18 53 72

N/A: no data reported; CV comorbidity: cardiovascular comorbidity

Overall Survival

There were 17 studies that reported one-year OS, 21
studies that reported three-year OS, and 29 studies that
reported five-year OS. Significant heterogeneity was
noted in the studies that reported one-year and five-
year OS. There was no significant difference in the one-
year OS (OR 0.93;95% C10.71, 1.21, p = 0.59), three-year
OS (OR 0.96; 95% Cl 0.85, 1.07, p = 0.44), and five-year
OS (OR0.82;95% Cl 0.68, 1.00, p = 0.05) between elderly
and non-elderly patients (Figure 2).

Disease Free Survival (DFS)

There were 13 studies that reported one-year DFS,
20 studies that reported three-year DFS, and 21 studies
that reported five-year DFS. Significant heterogeneity
was noted in the studies that reported one-year, three-
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year, and five-year DFS. There was no significant
difference in the one-year DFS (OR 1.15; 95% CI 0.92,
1.45, p = 0.22), three-year DFS (OR 1.12; 95% Cl, 0.91,
1.39, p = 0.27), and one-year DFS (OR 1.06; 95% CI 0.87,
1.28, p =0.57) between elderly and non-elderly patients
(Figure 3).

Postoperative Complications

There were 28 studies that reported postoperative
complications. There was no significant heterogeneity in
the studies included. Elderly patients had significantly
higher rates of postoperative complications than non-
elderly patients (OR 1.16; 95% Cl 1.03, 1.30, p = 0.02)
(Figure 4). Common postoperative complications
identified include pleural effusion, intra-abdominal
infections, and pneumonia.
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Figure 2. Overall survival (OS) of elderly vs. non-elderly HCC patients who underwent surgical resection.

A. One-year OS. B. Three-year OS. C. Five-year OS.
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Figure 3. Disease-free survival of elderly vs. non-elderly HCC patients who underwent surgical resection.
A. One-year DFS. B. Three-year DFS. C. Five-year DFS
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Figure 4. A. Postoperative complications of elderly vs. non-elderly HCC patients who underwent surgical
resection. B. Postoperative mortality of elderly vs. non-elderly HCC patients who underwent surgical resection.
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Postoperative Mortality

There were 17 studies that reported postoperative
mortality. There was no significant heterogeneity in the
studies included. There was no significant difference in
postoperative mortality between elderly and non-
elderly patients who underwent surgical resection (OR
1.32; 95% CI 0.95, 1.83, p = 0.10) (Figure 4). Causes of
postoperative mortality identified included liver failure
and pneumonia.

Transarterial Chromoembolization

A total of 3,228 patients who underwent TACE were
included in the meta-analysis. Tables 4 and 5 show the
clinical and demographic characteristics of patients.
Significant differences were noted between the elderly
and non-elderly group in terms of sex distribution,

Outcomes of surgical resection and transarterial chemoembolization

hepatitis B status, hepatitis C status, Child Pugh class,
and comorbidities. More elderly patients had hepatitis
C, Child Pugh A cirrhosis, and comorbidities. However,
only two studies reported comorbidities. None of the
included studies reported information on the Charlson
comorbidity index.

Overall Survival

There were five studies that reported one-year OS,
three-year OS and five-year 0S. Significant
heterogeneity was noted in the one-year, three-year and
five-year 0OS. No significant difference was seen
between elderly and non-elderly patients who
underwent TACE in terms of one-year OS (OR 1.21; 95%
C10.78, 1.88, p = 0.39), three-year OS (OR 1.21; 95% CI
0.79, 1.85, p = 0.37), and five-year OS (OR 0.70; 95% Cl
0.40, 1.23, p = 0.22) (Figure 5).
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Figure 5. A. Postoperative complications of elderly vs. non-elderly HCC patients who underwent TACE.
B. One-year OS of elderly vs. non-elderly HCC patients who underwent TACE.
C. Three-year OS of elderly vs. non-elderly HCC patients who underwent TACE.
D. Five-year OS of elderly vs. non-elderly HCC patients who underwent TACE.
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Post-procedure Complications

There were four studies that reported post-
procedure complications. There was no significant
heterogeneity in the studies included. No significant
difference in post-procedure complications was seen
between elderly and non-elderly patients who
underwent TACE (OR 0.95; 95% Cl 0.71, 1.26, p = 0.72)
(Figure 5). The most common complication identified

post-TACE was liver function derangement, while some
developed liver abscess and cholecystitis.

Publication Bias

A funnel plot was used to assess publication bias, as
shown in Figure 6. The studies had comparative data for
five-year OS in the surgical resection group. Since the
funnel plot is symmetrical, there is no significant
publication bias.
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Figure 6. Funnel plot for five-year overall survival, with standard error as the Y-axis and the log of odds ratio as the X-axis.

Discussion

The results of the study showed no significant
difference between elderly and non-elderly patients
with HCC who underwent surgical resection in terms
of one-year, three-year, and five-year overall and
disease-free survival. There were higher rates of
postoperative complications in the elderly than non-
elderly. For those who underwent TACE, there was no
significant difference in one-year, three-year, and
five-year overall survival. The rate of post-procedure
complications, such as liver function derangement
and liver abscess, was similar between elderly and
non-elderly.

Despite the higher number of comorbidities in elderly
patients, long-term outcomes were similar to non-
elderly patients. On the other hand, the higher number

of postoperative complications in the elderly may be
attributed to presence of more more comorbidities in
the elderly. The significantly higher rates of Child Pugh A
in elderly HCC patients in the TACE group may reflect the
lack of curative therapeutic options considered for
otherwise eligible elderly patients. In the TACE group,
there were also more comorbidities in the elderly group,
although only two studies reported comorbidities.
Nevertheless, the meta-analysis revealed no significant
difference in post-procedure complications and survival
between elderly and non-elderly patients who
underwent TACE.

There were similarities identified with a previous
meta-analysis by Hung, et al.® Overall survival and
disease-free survival after surgical resection did not
differ between the elderly and non-elderly group.
Although there were more studies included in our meta-



analysis compared to that of Hung, et al., the results
differed only in the one-year OS. Hung et al. who
reported better one-year OS in the elderly. There was
also significant heterogeneity in the analysis of five-year
outcomes. This heterogeneity may be explained by the
various age cut-off. Taking into consideration the
disparity in enrollment periods of the different studies,
the availability of treatment options in recent years may
also account for the heterogeneity. Furthermore, elderly
and non-elderly hepatocellular carcinoma patients who
underwent TACE did not differ in terms of overall
survival and post-procedure complications.

Among the included studies, there were
differences in age cut-off, the lowest being 65 years,
while the highest was 85 years. The varying age cut-
off may be explained by the geographic diversity in
the included studies. These reflect the increasing life
expectancy and the evolving definition of being
elderly.>® There were also differences in geographic
location, clinicopathologic profiles of patients, and
reported outcomes in the included studies. In a
systematic review by Zhao et al., Asian elderly
patients had more postoperative complications, but
had higher median survival time and five-year OS than
non-Asian elderly patients.>® Furthermore, the
presence of cirrhosis and comorbidities have been
reported to increase postoperative complications and
mortality.>> These may have contributed to the
statistical heterogeneity in the analysis of the
outcomes.

According to the latest Barcelona Clinic Liver
Cancer (BCLC) staging, primary treatment option of
early stage hepatocellular carcinoma remains to be
surgical resection, regardless of age.>® Despite this
recommendation, older age has been associated with
significantly lower rates of receiving HCC treatment.>*
As the population of patients with hepatocellular
carcinoma age, treatment options and their
outcomes must be evaluated periodically.>® The
advent of direct-acting antivirals for HCV infection has
led to a change in etiology and epidemiology of HCC,
with consequent changes in prognosis.>®

As risk factors of HCC transition from a prevalence of
HBV and HCV infection to obesity and diabetes?, it is
imperative that metabolic-associated risk factors are
considered in future studies.

The diverse demographic, geographic, and clinical
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features in the included studies are limitations in this
meta-analysis. Further studies that have uniformity in
age cut-off, reported clinical and demographic
characteristics, and reported outcomes, are
recommended. Nevertheless, the results of this meta-
analysis emphasize that old age should not restrict
otherwise eligible hepatocellular carcinoma patients
from undergoing curative resection or TACE.

Conclusion

The constant change in trends of hepatocellular
carcinoma incidence warrants regularly updated studies
on therapeutic options and their outcomes.

Regardless of the evolving trends, current evidence
still shows that long-term outcomes are similar between
elderly and non-elderly patients, despite higher rates of
complications in the elderly. After appropriate pre-
procedural assessment, age alone should not disqualify
HCC patients from receiving curative resection, or even
locoregional therapies such as TACE.
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