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Recurrence of hepatocellular carcinoma (HCC) after liver transplantation (LT) results in poor survival outcome.
This study assessed the clinical outcomes of pulmonary metastasectomy in LT recipients with pulmonary
metastasis of HCC in a high-volume transplant center and analyzed factors prognostic of survival following
metastasectomy.

This study analyzed outcomes in 52 patients who underwent pulmonary resection due to pulmonary metasta-
sis as the first recurrence of HCC after LT from January 2004 to December 2017 in a single center.

The 52 enrolled patients included 46 men and 6 women, aged 56.0+6.6 years. Their 1-, 3-, and 5-year surviv-
al rates after pulmonary resection were 75.0%, 43.5%, and 33.9%, respectively. The 1-, 3-, and 5-year survival
rates were 85.3%, 47.1%, and 34.2%, respectively, in patients with further metastases and 55.6%, 38.1%, and
38.1%, respectively, in patients without further metastases (P=0.45). The size and number of pulmonary met-
astatic nodules were unrelated to survival rates (all P>0.10). A shorter recurrence-free period after LT (hazard
ratio [HR]=0.553, P=0.006), elevated alpha-fetoprotein concentration at metastasectomy (HR=2.142, P=0.03),
and adjuvant chemotherapy after metastasectomy (HR=3.79, P=0.003) were independent risk factors for sur-
vival after metastasectomy.

Pulmonary metastasectomy for HCC recurrence in LT recipients showed favorable survival outcomes. Independent
risk factors for survival after metastasectomy included recurrence-free survival after LT, alpha-fetoprotein lev-
el at metastasectomy, and adjuvant chemotherapy after metastasectomy.
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Background

Liver transplantation (LT) is considered an established treat-
ment for hepatocellular carcinoma (HCC), which has resulted
in the increased performance of LT in patients with HCC [1,2].
Although candidates for LT are carefully selected, HCC recur-
rence remains the main cause of patient death [1]. The rates
of HCC recurrence after LT vary from 7% to 40% and are gen-
erally about 20% [3-5]. Most extrahepatic metastases after LT
occur in the lungs [6]. Pulmonary metastasectomy is considered
the preferred treatment for pulmonary metastases, following
liver resection or LT for HCC [7-12]. By contrast, chemother-
apy for patients with post-transplant pulmonary metastasis
has shown low treatment response rates, with 1-year survival
rates between 0% and 30% [13]. To determine the efficacy of
pulmonary metastasectomy for patients with pulmonary me-
tastases following LT for HCC, this study assessed the clinical
outcomes in LT recipients who underwent pulmonary metas-
tasectomy at a high-volume transplant center and analyzed
factors prognostic of post-metastasectomy patient survival.

Material and Methods

Patient Selection

This single-center, retrospective observational study included
patients who underwent LT for HCC at Asan Medical Center
during the 14-year study period between January 2004 and
December 2017 and later underwent resection of post-trans-
plant pulmonary metastases. The study patients were fol-
lowed up until December 2019 or patient death through re-
view of institutional medical records and with the assistance
of the National Health Insurance Service in Korea. The study
protocol was approved by the Institutional Review Board of
Asan Medical Center (IRB No. 2020-1298), which waived the
requirement for informed consent owing to the retrospective
design of this study. This study was performed in accordance
with the ethical guidelines of the World Medical Association
Declaration of Helsinki 2013.

Patient Grouping

Patients were grouped by recurrence-free period after LT (<1
year, >1 but <2 years, or »2 years), recurrence after pulmo-
nary metastasectomy (yes or no), number of pulmonary me-
tastases (1, 2, or <3), size of the largest metastatic nodule
(£10 mm, >10 but <20 mm, and 20 mm), administration of
postoperative chemotherapy (yes or no), and alpha-fetopro-
tein (AFP) concentration at the time of metastasectomy (<10
ng/mL or >10 ng/mL).
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Indications and Surgical Techniques for Pulmonary
Metastasectomy

The surgical indications for pulmonary metastasectomy for
post-transplant HCC recurrence included a general operable
condition, location of the pulmonary metastasis in a resect-
able portion of the lung, controlled HCC at the primary site,
and no other metastases detected in other organs. Patients
who had previous intrahepatic or extrahepatic metastases be-
fore pulmonary metastasis were excluded.

Wedge resection of the pulmonary metastatic lesion was the
surgical treatment of choice. Lobectomy was performed when
the nodules were centrally located, precluding wedge resection
for total resection of the metastatic lesion. Most patients in this
study underwent video-assisted thoracoscopic surgery. Factors
associated with the metastasectomy were recorded, including
the duration of hospital stay and postoperative complications.

Postoperative Follow-Up

All patients who underwent LT at the Asan Medical Center
were assessed by follow-up chest computed tomography (CT)
3 months after transplantation. Patients within the Milan cri-
teria at the time of LT underwent subsequent chest CT every
6 months up to 3 years, every year up to 5 years, and every 2
years thereafter. Patients who were beyond the Milan crite-
ria at LT underwent subsequent CT every 3 months for 1 year,
every 4 to 6 months up to 3 years, every year up to 5 years,
and every 2 years thereafter.

Statistical Analysis

Numerical data are presented as meantstandard deviation
(SD) or median with range. Overall survival and recurrence-free
survival rates were estimated using the Kaplan-Meier method
and compared with the log-rank test. The Cox regression mod-
el was used for multivariate analysis. SPSS version 21 (IBM,
New York, NY, USA) was used for statistical analyses. P values
<0.05 were considered statistically significant.

Results

Patient Profiles

A total of 4699 LTs were performed during the 14-year study
period from January 2004 to December 2017. HCC was diag-
nosed in 2230 LT recipients, with HCC recurring in 283 pa-
tients, of which 77 patients underwent pulmonary metasta-
sectomy for post-transplant HCC recurrence. Because 25 of
these patients had recurrences at other sites prior to a pul-
monary recurrence, and therefore pulmonary metastasis was
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Table 1. Clinicopathological characteristics of the 52 patients who underwent pulmonary metastasectomy for lung metastases after

liver transplantation for hepatocellular carcinoma.

Demographics

Recurrence-free period, mean*SD 1.88+2.18
(Median, Range), years (0.90, ~0.04-8.48)

~0-1yr 28 (53.8%)
>~1-2 yrs 7 (13.5%)
>2 yrs 17 (32.7%)

~1-10 21 (40.4%)
"""" 1020 25 (@81%)
"""" 20 6(115% (wpto35mm)
© NumberofPM
"""" Simgle 34 (654%)

Multiple (range, median) 18 (34.6%) (~2-7, 3)

Type of operation

Wedge resection 50 (96.2%)
”””” open 4@
”””” vals a6 (885%)
”””” lobectomy 2 (38%)
”””” open 109
"""" vats 1w

Hospital days after metastasectomy

(median (range)) Bl
 Postoperative complicaton
777777777 Persistent air leak (b7 days) 4 (.7%)
 Post-metastasectomy chemotherapy
77777777 Yes 33 (635%)
77777777 N o 19 (G65%)

AFP — alpha-fetoprotein; LT — liver transplantation; PM — pulmonary metastasis; VATS — video-assisted thoracoscopic surgery.

Results reported as n (%), unless otherwise indicated.

not the initial tumor recurrence, these patients were exclud-
ed. Thus, 52 patients were included in this study. Their clinico-
pathologic profiles are shown in Table 1. Of these 52 patients,
28 (53.8%) experienced recurrence within 1 year, 7 (13.5%) ex-
perienced recurrence between 1 and 2 years, and 17 (32.7%)
experienced recurrence after 2 years.

Of the 52 patients, 50 (96.2%) underwent wedge resection and
2 (3.8%) underwent lobectomy. Video-assisted thoracoscopic
surgery was performed in 47 (90.4%) patients and open sur-
gery was performed in 5 (9.6%). The median hospital stay af-
ter metastasectomy was 3 days (range, 2-22 days). Persistent
air leak lasting longer than 7 days was the only surgical com-
plication, occurring in 4 (7.7%) patients. There was no post-
operative patient mortality.

Of the 52 patients, 33 were administered adjuvant chemother-
apy following pulmonary metastasectomy, with 28 of these
patients receiving sorafenib. There are no clear guidelines re-
garding the administration of adjuvant chemotherapy after
pulmonary metastasectomy in our institution.
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Overall Survival and Further Recurrence

The overall mean+SD follow-up period after LT was 5.4+4.1
years (range, ~0.2-14.2 years; median, 4.0 years). Patient sur-
vival and recurrence data as of December 2019 are shown in
Table 2. Of the 52 patients, 34 (65.4%) experienced further re-
currence after pulmonary metastasectomy. The mean + SD re-
currence-free period after metastasectomy was 1.7+2.4 years
(range, ~0.1-12.0 years; median, 0.6 years) (Table 2). The most
common site of further recurrence was the lungs, occurring in
25 (48.1%) patients. Around 30% of these patients had multi-
ple recurrences after metastasectomy. Of the 25 patients with
further lung recurrence, 20 underwent repeat metastasecto-
my. Patients with repeated pulmonary metastases that were
non-operable were administered chemotherapy or stereotac-
tic body radiation therapy. Recurrences in the liver were pref-
erentially treated with transcatheter arterial chemoemboliza-
tion. Metastases at other sites were treated locally, if possible;
for example, bone metastases were treated with radiotherapy
and brain metastases with the gamma knife.
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Table 2. Recurrence and survival status of patients who underwent pulmonary metastasectomy.

Parameter

Follow-up period after LT, mean+SD (median, range), year

Others (brain, other gastrointestinal organs, bone, etc)

Value
5.4+4.1 (4.0, ~0.2-14.2)

20 (38.5%)

LT - liver transplantation. Results reported as n (%), unless otherwise indicated.

Survival after liver transplantation

0.8

0.6

0.4

0.2

Proportion of survival after liver transplantation

0.0

Post-metastasectomy survival

0.8 1

0.6

0.4

0.2

Proportion of survival after post-metastasectomy

0.0

0 1 2 3 4 5 6
Years after liver transplantation

' 2 3 3
Years after post-metastasectomy

o
-
o

Figure 1. (A) Kaplan-Meier analysis of overall patient survival after liver transplantation. (B) Kaplan-Meier analysis of overall patient

survival after metastasectomy.

The overall 1-, 3-, and 5-year patient survival rates were 90.4%,
65.3%, and 46.8%, respectively, after LT (Figure 1A), and 75.0%,
43.5%, and 33.9%, respectively, after metastasectomy (Figure 1B).
The 1-, 3-, and 5-year recurrence-free survival rates after metas-
tasectomy were 52.2%, 29.2%, and 19.5%, respectively (Figure 2).

Ten patients died without further HCC recurrence (Table 2).
Patient survival status was assessed with the assistance of the
National Health Insurance Service in Korea; thus, the detailed
causes of patient death were not clarified unless the patients
regularly visited our institution. One patient each died due to
intracranial hemorrhage and pneumonia.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Effects of Recurrence-Free Period and Further Recurrence
on Post-Metastasectomy Survival

The 1-, 3-, and 5-year post-metastasectomy survival rates were
64.3%, 31.4%, and 26.9%, respectively, in patients who expe-
rienced recurrence within 1 year; 85.7%, 57.1%, and 57.1%,
respectively, in patients who experienced recurrence at 1 to
2 years; and 88.2%, 57.8%, and 57.8%, respectively, in pa-
tients who experienced recurrence after 2 years (Figure 3A).
The difference among these groups was statistically signifi-
cant (P=0.014), with a longer recurrence-free period showing
better prognosis.
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Recurrence-free survival after metastasectomy

0.8

0.6

0.4

0.2

Proportion of further reccurence-free survival

0.0

3 4
Years after post-metastasectomy

o
[

(o5
o

Figure 2. Kaplan-Meier analysis of recurrence-free survival after
metastasectomy.

The 1-, 3-, and 5-year post-metastasectomy survival rates
were 85.3%, 47.1%, and 34.2%, respectively, in patients with
further metastasis after metastasectomy and 55.6%, 38.1%,
and 38.1%, respectively, in patients without further recurrence
(P=0.45) (Figure 3B).

Effects of Lesion Size and Number on Post-Metastasectomy
Survival

The median number of pulmonary metastasis lesion was 1 (range,
1-7). The 1-, 3-, and 5-year post-metastasectomy survival rates
were 82.4%, 43.8%, and 29.6%, respectively, in patients with a
single metastatic site; 72.7%, 54.5%, and 54.5%, respectively,
in patients with 2 metastases; and 42.9%, 28.6%, and 28.6%,

ORIGINAL PAPER

respectively, in patients with more than 2 metastases. The dif-
ferences were not statistically significant (P=0.43) (Figure 4A).

The median size of the largest pulmonary metastasis was 1.2
cm (range, 0.2-3.5 cm). The 1-, 3-, and 5-year post-metasta-
sectomy survival rates were 76.2%, 61.5%, and 43.8%, re-
spectively, in patients with lesions <10 mm; 80.0%, 28.0%,
and 22.4%, respectively, in patients with lesions >10 mm but
<20 mm; and 50.0%, 50.0%, and 50.0%, respectively, in pa-
tients with lesions >20 mm. The differences were not statisti-
cally significant (P=0.41) (Figure 4B).

Effects of AFP Level at Pulmonary Metastasectomy on
Post-Metastasectomy Survival

The median serum concentration of alpha-fetoprotein (AFP) at
the time of pulmonary metastasectomy in these 52 patients was
3.9 ng/mL (range, 0.7-4769.9 ng/mL). Of these 52 patients, 34
(65.4%) had normal serum AFP concentrations and 18 (34.6%)
had elevated serum AFP concentrations at the time of pulmo-
nary metastasectomy. The 1-, 3-, and 5-year post-metastasec-
tomy survival rates were 85.3%, 54.7%, and 39.1%, respective-
ly, in patients with normal AFP; and 55.6%, 22.2%, and 22.2%,
respectively, in patients with elevated AFP (Figure 5), indicat-
ing that patients with normal AFP levels survived significant-
ly longer than those with elevated AFP (P=0.027).

Effects of Post-Metastasectomy Chemotherapy on Post-
Metastasectomy Survival

The 1-, 3-, and 5-year post-metastasectomy survival rates were
78.9%, 68.4%, and 62.7%, respectively, in patients who did not

A B
Survival according to recurrence-free period Survival according to recurrence after metastasectom
9 p 9 Yy

1.0 1 1.0
= =
E E
I e
2 084 g 081
2 g
e 5 Recurrence
g 0.6 >2 years g 0.6
E >1to <2years E
2 2
= =
§ 0.4" é 0.4 b |
£ = No recurrence
5 g
£ 0.2 £ 0.2
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a- (=

0.04 0.0 4

o 31 31 5§ s L R S DU B

Years after post-metastasectomy

Years after post-metastasectomy

Figure 3. (A) Kaplan-Meier analysis of overall patient survival according to recurrence-free period (<1 year, >1 to <2 years, >2 years)
after metastasectomy. (B) Kaplan-Meier analysis of overall patient survival in patients with and without additional recurrence

after metastasectomy.
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Figure 4. (A) Kaplan-Meier analysis of patient survival according to number of pulmonary metastases (1, 2, or >3). (B) Kaplan-Meier
analysis of patient survival according to maximal size of pulmonary metastases (<10 mm, >10 to <20 mm, or >20 mm).
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Figure 5. Kaplan-Meier analysis of patient survival according to
AFP level (normal or elevated) before metastasectomy.

receive chemotherapy and 72.7%, 27.8%, and 12.3%, respec-
tively, in patients who received chemotherapy (Figure 6), in-
dicating that patients who did not receive post-metastasec-
tomy chemotherapy survived significantly longer than those
who did receive post-metastasectomy chemotherapy (P=0.002).

Factors Prognostic of Post-Metastasectomy Survival

Univariate analyses showed that recurrence-free period be-
fore metastasectomy (P=0.014), AFP concentration at the time
of pulmonary metastasectomy (P=0.027), and postoperative
chemotherapy (P=0.002) were factors predictive of post-me-
tastasectomy patient survival (Table 3). Multivariate analy-
sis showed that all 3 factors were independently predictive of
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Figure 6. Kaplan-Meier analysis of overall survival in patients
who received chemotherapy and did not receive
chemotherapy after metastasectomy.

post-metastasectomy patient survival: recurrence-free period
(hazard ratio [HR] 0.56, 95% confidence interval [CI] 0.37-0.86;
P=0.008), AFP concentration (HR 2.79, 95% ClI 1.36-5.72;
P=0.005), and postoperative chemotherapy (HR 3.68, 95% Cl
1.49-9.07; P=0.005) (Table 3).

Discussion

In addition to liver resection, LT has become a definitive treatment
for HCC, with studies reporting better long-term overall survival
and disease-free survival with LT than with liver resection [14].
Moreover, criteria for LT have expanded [15]. Extrahepatic recur-
rence after LT is the most frequent cause of patient mortality,
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Table 3. Univariate and multivariate analysis of factors associated with patient survival.

Recurrence-free period 0.014
© Number of pulmonary metastasis 043
© Size of pulmonary metastasis 041
* Level of AFP at metastasectomy 0027
© Postmetastasectomy chemotherapy 0003

AFP — alpha-fetoprotein; HR — hazard ratio; Cl — confidence interval.

with the lungs being one of the most common sites of extra-
hepatic metastases [16]. For example, of 439 HCC patients vis-
iting a single center for treatment, 50 had pulmonary metasta-
ses [17], and a retrospective study in 403 HCC patients visiting
a single center for treatment identified 148 extrahepatic metas-
tases, including 80 pulmonary metastases, suggesting that pul-
monary metastases are the most common type of extrahepatic
HCC metastases [18]. The present study also found that the lungs
were the most common site of extrahepatic metastases after LT.

LT recipients differ from patients who undergo hepatic resec-
tion, as LT recipients have a lower degree of liver cirrhosis and
must use immunosuppressants for life. Few studies to date
have assessed outcomes of pulmonary metastasectomy for
recurrent HCC in patients after LT, and those studies have in-
volved relatively short-term follow-up results in relatively few
patients [8,16]. For example, a study of 104 patients who un-
derwent LT for HCC, including 5 with pulmonary recurrence,
showed that survival times were comparable for pulmonary
metastasectomy and liver resection [8]. Similarly, a study of 43
patients who underwent LT for HCC and later developed pul-
monary metastases, including 23 who underwent pulmonary
metastasectomy and 20 who did not, found that the former
had a better prognosis [16]. To our knowledge, the present
study is the largest to date to assess outcomes in patients who
underwent pulmonary metastasectomy for HCC following LT.

Organ transplantation is considered a risk factor for the devel-
opment of malignancy. The International Society for Heart and
Lung Transplantation has reported that about 25% of these
patients experienced a new type of malignancy within 5 years
after transplantation, increasing to 50% of patients within 12
years [19]. Immunosuppressants administered to these pa-
tients after transplantation can promote cancer cell prolifera-
tion [20,21]. Although several studies have tested the effects
of different immunosuppressants on tumor recurrence after
organ transplantation [22-24], further studies are needed.

Pulmonary metastasectomy of HCC recurrence in patients with-
out LT has also shown effectiveness, with 5-year survival rates
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0.56 0.37-0.89 0.008
2.79 1.36-5.72 0.005
3.68 1.49-9.07 0.005

between 11.8% and 66.9% [10-12]. The present study showed
that pulmonary metastasectomy in LT recipients yielded favor-
able results with a 5-year survival rate after metastasectomy
of 33.9%, which is similar to that in non-LT patients. For ex-
ample, the 1- and 3-year recurrence-free survival rates follow-
ing pulmonary metastasectomy in patients who underwent liv-
er resection for HCC were 32.4% and 21.6%, respectively [25].
In addition, a study of pulmonary metastasectomy in 19 pa-
tients, including 18 who underwent liver resection and 1 who
underwent transarterial chemoembolization for HCC, reported
1-, 3-, and 5-year recurrence-free survival rates of 47%, 35%,
and 28%, respectively [26]. In the present study, the 1-, 3-, and
5-year recurrence-free survival rates after pulmonary metas-
tasectomy were 59.2%, 29.2%, and 19.5%, respectively, sug-
gesting that pulmonary metastasectomy yields similar results
in HCC patients following LT or hepatic resection. Hwang et al
reported the results of 23 LT-receiving patients who received
pulmonary metastasectomy after HCC recurrence with a post-
metastasectomy 3-year survival rate of 30.6% [16]. This pres-
ent study included a higher number of patients and showed
an improved survival rate at 5 years after metastasectomy.

Most patients with pulmonary metastasis have no symptoms,
and therefore screening according to patients’ symptoms will
likely miss recurrence until a later stage. In the present study,
53.8% of patients experienced pulmonary recurrence with-
in 1 year after LT, with the median recurrence-free period be-
tween LT and pulmonary metastasis being 0.9 years. Similarly,
a study of 93 patients who underwent pulmonary metasta-
sectomy following hepatic resection for HCC showed a medi-
an recurrence-free period of 17 months [10]. Close follow-up
after LT for HCC, especially by chest CT, is required to detect
early recurrence, resulting in more rapid treatment and bet-
ter survival outcomes.

The present study found that early recurrence of HCC, elevat-
ed AFP level at the time of pulmonary metastasectomy, and
administration of adjuvant chemotherapy were prognostic of
overall patient survival. Similarly, the disease-free interval was
reported to be an independent prognostic factor for survival in

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



ORIGINAL PAPER

patients who underwent pulmonary metastasectomy for HCC
recurrence [10]. Measuring blood AFP level is an easy way to
follow up with HCC patients after LT. Other studies have also
reported that elevated AFP is prognostic of recurrence [27,28].
Moreover, AFP was found to promote metastasis of HCC, both
in vitro and in vivo [29]. Little is known about the association
between AFP and survival in patients undergoing LT. Although
our study found that elevated AFP level was prognostic of poor
survival, it is unclear whether AFP directly affects survival or
whether survival is reduced due to early recurrence. Hwang
et al were unable to find prognostic factors in 2012 [16], but
the present study was able to identify these statistically sig-
nificant prognostic factors.

Our present finding, that post-metastasectomy adjuvant che-
motherapy was an independent risk factor for survival, was
primarily owing to patient selection bias. Patients were se-
lected for adjuvant chemotherapy plus metastasectomy be-
cause they had multiple and/or large metastatic lesions, put-
ting them at greater risk of post-metastasectomy recurrence.
Administration of chemotherapy to patients with HCC recur-
rence, with or without locoregional therapy, has been found to
result in poor outcomes [30,31]. A study of 108 patients with
HCC who received hepatic resection and adjuvant chemother-
apy found that long-term outcomes were poor and recurrence
rates were increased [32]. Administration of adjuvant metfor-
min to 304 patients who underwent hepatic resection and 74
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who underwent LT found no antitumor effect [31]. The ran-
domized, double-blind, placebo-controlled, phase 3 STORM trial,
which included over 1100 patients with HCC who underwent
hepatic resection, found that, after a median duration of 12.5
months, there was no difference in recurrence-free survival or
overall survival between groups who were either treated or
not treated with sorafenib [33]. Our results showed that ad-
ministration of chemotherapy was associated with poor prog-
nosis after pulmonary metastasectomy.

This study had several limitations, including its retrospec-
tive design and the inclusion of relatively few patients from
a single center. Inclusion of patients who underwent metas-
tasectomy was highly selective, in that unresectable patients
were excluded. There are no clear protocols for postoperative
adjuvant chemotherapy, which could have affected survival.
Further studies with larger numbers of patients or multicenter
trials are required.

Conclusions

Pulmonary metastasectomy in selected patients with pulmo-
nary metastasis following LT for HCC may enhance long-term
survival. Early post-transplant recurrence, elevated AFP level,
and adjuvant chemotherapy after metastasectomy were sig-
nificantly prognostic for patient survival after metastasectomy.
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