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Abstract
Background: In patients with lung metastasis of hepatocellular carcinoma (HCC), it remains
uncertain how a better survival outcome can be predicted after metastasectomy. This study
aims to identify clinical factors that may be used to guide patient selection for such a thera-
peutic modality. A total of 28 patients who received pulmonary metastasectomy for HCC be-
tween 1993 and 2012 were identified. All relevant clinical factors were extracted from medical
records up to September 2015. Patients were classified into high- and low-risk groups accord-
ing to survival outcome after metastasectomy. All pertinent clinical factors were analyzed for
correlation with survival outcome. Summary: The overall survival of 28 patients after pulmo-
nary metastasectomy was studied first. The survival curve was biphasic and reached a plateau
at 40 months after metastasectomy. The results indicate the presence of 2 groups of patients
with a different survival outcome. Among all clinical parameters, remission status in the liver
before pulmonary metastasectomy and distant metastasis-free interval between the last
treatment of HCC and the occurrence of lung metastasis were found to be significantly asso-
ciated with excellent survival outcome after pulmonary metastasectomy (p = 0.019 and 0.007
by Fisher exact test, and p = 0.002 and 0.0002 by Cox regression analysis).

© 2017 S. Karger AG, Basel

Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the ninth

most common in women worldwide. Globally, it is the second leading cause of cancer death
in men and the sixth leading cause among women [1]. For the treatment of HCC, there are
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many modalities, including curative hepatic surgery, liver transplantation, transcatheter
hepatic arterial chemoembolization, local ablation by radiofrequency or percutaneous eth-
anol injection, radiation therapy, and targeted therapy with sorafenib. The use of these
treatment modalities has improved the survival of the disease to different extents.

HCC is known for a high frequency of intrahepatic recurrence and distant metastasis.
Extrahepatic metastasis is usually indicative of impending demise of patients. According to a
study by Chan et al. [2], the median length of patient survival was 6.9 months (range, 0.8-96
months) and the overall 1-, 3-, and 5-year survival rates were 31, 7, and 4%, respectively, in
patients with extrahepatic metastases. The most frequent sites of extrahepatic metastases
were the lungs (47%) followed by lymph nodes (45%), bone (37%), and adrenal glands
(12%) [3]. Once pulmonary metastasis was found, the average survival was 3.3 months [4].
Systemic chemotherapy of HCC provided marginal benefit with frequent toxic side effects [5].

Although the lung is the most frequent initial site of metastasis and pulmonary metasta-
sectomy was reported to improve survival in small numbers of highly selected patients with
metastasis restricted to the lungs without residual or recurrent tumor in the liver [6-8], it
remains uncertain how patients with pulmonary metastasis should be selected for metasta-
sectomy. The original surgical criteria for metastatic tumors in the lungs were proposed by
Thomford et al. [9] in 1965. Although HCC was not included in the study of Thomford et al.
[9], these criteria were adopted for pulmonary metastasectomy in the studies reported later
for HCC [10-14]. These criteria were that the primary tumor was judged to be under control,
radiological evidence of metastasis was limited to one lung, and there was no evidence of
metastatic disease elsewhere in the body. The criteria proposed by Thomford and colleagues
were slightly modified later by McCormack [15] in 1990. The revised criteria were that a
patient was a suitable candidate for surgery, the primary tumor was controlled or control-
lable, no extrathoracic metastasis existed, no better treatment method was available, and
complete resection was possible. If there was recurrence in the liver, the recurrent disease
was controlled first to prevent further metastatic seeding.

Nevertheless, many patients who had met these criteria did not do well after metasta-
sectomy. It is therefore important to identify reliable clinical parameters that can be used for
better selection of patients to receive pulmonary metastasectomy. To achieve this goal, we
identified 28 patients who received pulmonary metastasectomy at our institution between
January 1993 and March 2012. Multiple pertinent clinical factors were extracted and inves-
tigated for association with survival outcome after pulmonary metastasectomy in these
patients. The results are reported herein.

Materials and Methods

The ICD9 code was used to identify all patients with HCC who developed lung metastasis and received
pulmonary metastasectomy between 1993 and 2012. Out of a total of 2,817 HCC patients treated at our
center, 347 (12.3%) had developed lung metastasis. Only 28 (1.0%) patients with lung metastasis received
pulmonary metastasectomy. These 28 patients were included in the present study.

AllHCC patients treated at our cancer center were regularly followed up every 3 months after treatment.
Physical examination, chest radiography, serum alpha-fetoprotein (AFP), liver function test, and ultrasound
of the upper abdomen were performed during each follow-up visit. Additional abdominal computed tomog-
raphy (CT) or magnetic resonance imaging was ordered, if sonography of the upper abdomen could not
provide a conclusive answer. All patients received at least 1 annual CT or magnetic resonance imaging of the
upper abdomen. Bone scan and radiography were ordered if clinically indicated.

When a pulmonary nodule was discovered by chest X-ray and/or CT scan during a follow-up visit, CT or
sonography-guided needle biopsy was offered to patients for diagnosis of metastasis. Patients who were
proven to have HCC metastasis in the lungs by biopsy or strongly suspected by imaging studies were referred
to a pulmonary surgeon for evaluation of possible resection. The criteria for metastasectomy included (1)
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Table 1. Definitions of key clinical parameters used in the study

Complete remission Clinical status that is free of any residual primary liver tumor, intrahepatic
recurrence, and extrahepatic nonpulmonary metastasis right before pulmonary
metastasectomy

Partial response Clinical status not meeting the criteria of complete remission and showing a

stable or reduced tumor size in the liver

Distant metastasis-free  Interval between the date of the last treatment of HCC in the liver and the date

interval of the first occurrence of lung metastasis; no metastatic disease elsewhere
concurrently
Disease-free interval Interval between the date of curative surgery of intrahepatic lesion and the date

of the first occurrence of lung metastasis

Overall survival Time from the initial pulmonary metastasectomy to the last follow-up date or
death

possibility for complete resection, (2) no evidence of uncontrolled intrahepatic and extrapulmonary lesions,
and (3) suitable physical condition for surgery. For our study, we identified 28 patients who received surgical
resection of metastatic HCC in the lungs between January 1993 and March 2012. Nine of the 28 patients
received preoperative fine needle biopsy. In the remaining 19 patients, preoperative fine needle biopsy was
not performed, and diagnoses of metastatic HCC in the lungs were later confirmed histologically on the
resected surgical specimens. The pertinent clinical factors selected for our study included age, gender, type
of viral hepatitis (B vs. C), initial liver tumor T stage (I/1I vs. [1I/IV), resection margin (negative vs. positive),
response after initial treatment of primary HCC in the liver (complete remission vs. partial response), distant
metastasis-free interval between the last treatment of HCC in the liver and occurrence of lung metastasis,
number of metastatic nodules in the lungs, unilateral or bilateral involvement of pulmonary metastasis, size
of the metastatic tumor, type of pulmonary resection (lobectomy vs. wedge resection), surgical method
(thoracotomy vs. video-assisted thoracic surgery), and number of metastasectomy procedures. The causes
of death were also determined. Definitions of key clinical parameters used in the study are summarized in
Table 1. Open thoracotomy was performed on all patients who were surgically treated before 2005 (n = 16).
After 2005, video-assisted thoracic surgery (n = 12) was performed on all patients.

For statistical analysis, the 28 patients were divided into high- and low-risk groups based on the length
of their survival after pulmonary metastasectomy. Associations of all clinical parameters with survival
outcome were studied using the Fisher exact test and Cox regression analysis. Permutation ¢t test was used
in the comparison between the 2 groups to avoid the assumption of normality.

Results

Patient Characteristics and Risk Classification

Clinical characteristics of the 28 patients included in the study are summarized in Table 2.
To identify patients with high or low risk for disease progression after pulmonary metasta-
sectomy, we first studied the overall survival after pulmonary metastasectomy. As shown in
Figure 1, the survival curve appears biphasic and reaches a plateau at approximately 40 months
after pulmonary metastasectomy. The result of this study indicates that there were 2 groups of
patients. One group had a shorter survival than the other. We therefore used a survival of 40
monthsasthe cutoffto define patients as high orlowrisk for disease progression after pulmonary
metastasectomy. There were 15 patients in the high-risk group and 12 patients in the low-risk
group. One surviving patient, who had a follow-up of <40 months, was regarded as indeter-
minate for risk of disease progression and not included in the comparative analysis.
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Table 2. Clinical characteristics
of the 28 patients included in the
study
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Gender, n (%)

Male 19 (68)

Female 9(32)
Age, years

Mean * SD 49.4+15.2

Range 19-71
Histology differentiation grade, n (%)

Well 3(12)

Moderate 17 (65)

Poor 6(23)
T stage?, n (%)

I 2(7)

11 3(11)

[11A 17 (61)

I11B 5(18)

IV 1(3)
M stage?, n (%)

0 25 (89)

I 3(11)
History of viral hepatitis®, n (%)

Hepatitis B 23(82)

Hepatitis C 2(7)
Indocyanine green clearance test at 15 min, %

Median 9

Mean = SD 11.9+8.6
Maximum size of liver tumor, cm

Median 9

Mean = SD 9.2+45
Number of tumors in the liver

Median 1.5

Mean = SD 2.2+22
Number of metastatic tumors in the lungs

Median 1.5

Mean = SD 2.0x1.3
Laterality of pulmonary metastasis, n (%)

Unilateral 20 (71)

Bilateral 8(29)
Size of metastatic tumors, cm

Median 2

Mean = SD 2.6x1.8
Disease-free interval, months

Median 22.7

Mean * SD 22.1+17.5
Distant metastasis-free interval, months

Median 3.5

Mean * SD 11.1+£15.6
Type of pulmonary resection, n (%)

Wedge resection 25(89)

Lobectomy and others 3(11)
Surgical method, n (%)

Open thoracotomy 16 (57)

Video-assisted thoracic surgery 12 (43)

2T and M stages were determined according to AJCC 7th edition.
T and M stages were the initial tumor stages when HCC was diagnosed.
b The other 5 patients were negative for hepatitis B and C infection

serologically.
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Fig. 1. Probability of survival of
all 28 patients after initial pulmo-
nary metastasectomy. The 1-, 2-,
and 5-year survival probabilities
were 85.7, 67.9, and 46.2%, re-
spectively. The survival curve
appeared to reach a plateau at
40 months after metastasectomy
which was used to define patients
with low and high risk of disease
progression. These 2 groups of
patients were compared to iden-
tify parameters that could be used
to select patients who would ben-
efit most from metastasectomy.

Fig. 2. The percentage of patients
who remained metastasis-free
was plotted against months after
the last treatment of HCC. This
plot appears biphasic with an in-
flection point (dashed line) at ap-
proximately 6 months. Six months
was therefore chosen as the cut-
off for the parameter of distant
metastasis-free interval that was
used for statistical comparison in
Table 3.
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Comparison between High- and Low-Risk Patients

Clinical parameters listed in Table 3 were compared between patients with high and
those with low risk for disease progression after metastasectomy using the Fisher exact test
and Cox regression. We found that the remission status in the liver before pulmonary metas-
tasectomy was a major factor significantly associated with overall survival after metasta-
sectomy (Fisher exact test, p = 0.019; Cox regression, p = 0.002). A distant metastasis-free
interval of >6 months before metastasectomy was also associated with better overall survival
of >40 months (Fisher exact test, p = 0.007; Cox regression, p = 0.0002). We chose 6 months
to define the distant metastasis-free interval for our study, because the percentage of patients
who remained distant metastasis-free after the last liver HCC treatment as a function of time

appeared to be biphasic with an inflection point at approximately 6 months (Fig. 2).
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Table 3. Correlation of clinical variables with low and high risk for disease progression and poor survival after pulmonary
metastasectomy

Low-risk High-risk p value Hazard ratio
group, group, Fionen Torm (95% CI)
n (%) n (%) exacttest  regression
Age at initial treatment of HCC 0.704 0.966 1.002 (0.96, 1.04)
<50 years 7 (50) 7 (50)
<50 years 5(38) 8(62)
Gender 0.696 0.836 0.89 (0.30, 2.61)
Female 3(38) 5(63)
Male 9 (47) 10 (53)
Hepatitis B" 0.342 0.124 0.37 (0.12,1.19)
Negative 1(20) 4 (80)
Positive 11 (50) 11 (50)
Tumor T stage 1.000 0.596 1.47 (0.33, 6.51)
I/11 2 (50) 2 (50)
I1/1vV 10 (43) 13 (57)
Resection margin 0.590 0.184 2.67 (0.71, 10.05)
Negative 11 (55) 9 (45)
Positive 1(25) 3(75)
Status of primary liver tumor 0.019 0.002 5.44 (1.91, 15.51)
CR 11 (61) 7 (39)
PR/recurrence 1(11) 8(89)
Disease-free interval 0.107 0.051 0.9662 (0.93, 1.00)
<12 months 2 (20) 8 (80)
212 months 10 (61) 7 (39)
Distant metastasis-free interval 0.007 0.0002 0.85%(0.72,0.99)
<6 months 4 (24) 13 (76)
26 months 8(80) 2 (20)
Number of metastatic nodules 0.252 0.945 0.992 (0.69, 1.41)
1 8 (57) 6 (43)
22 4 (31 9 (69)
Laterality 0.091 0.121 2.35(0.83, 6.62)
Unilateral 11 (55) 9 (45)
Bilateral 1(14) 6 (86)
Maximum size of the metastatic nodules 0.662 0.716 0.952(0.71, 1.26)
<3.0cm 10 (48) 11 (52)
23.0 cm 2(33) 4 (67)
Type of pulmonary resection 0.569 0.562 1.74 (0.23, 13.26)
Lobectomy 2 (67) 1(33)
Wedge 10 (42) 14 (58)
Surgical method 0.707 0.878 0.92 (0.33, 2.59)
Thoracotomy 6 (40) 9 (60)
Video-assisted thoracic surgery 6 (50) 6 (50)
Number of pulmonary surgeries 1.000 0.338 0.80% (0.48, 1.34)
1 9 (45) 11 (55)
=2 3(43) 4 (57)

CR, complete remission; PR/recurrence, partial response or recurrence in liver.  Age, disease-free interval, distant
metastasis-free-interval, number of metastatic nodules, maximum size of the metastatic nodule, and number of pulmonary
surgeries were considered as continuous variables in Cox regression for hazard ratio calculation. With a continuous variable,
hazard ratio indicates change in risk due to each unit rise.? One hepatitis B-positive patient was excluded due to indeterminate
serological status.
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Table 4. Tumor recurrence status and cause of death of the 15 patients who died during follow-up

303

Patient Final status of tumor recurrence Cause of death
1 HCC recurrence in the liver Liver tumor progression
2 HCC recurrence in the liver and recurrent lung metastasis Unknown
3 HCC recurrence in the liver Liver tumor progression
4 HCC recurrence in the liver, recurrent lung metastasis and brain metastasis =~ Brain metastasis
5 Lost to follow-up Unknown
6 HCC recurrence in the liver, recurrent lung metastasis and brain metastasis ~ Brain metastasis
7 HCC recurrence in the liver Liver tumor progression
8 HCC recurrence in the liver and recurrent lung metastasis Liver tumor progression
9 HCC recurrence in the liver and recurrent lung metastasis Liver tumor progression and
respiratory failure
10 HCC recurrence in the liver Liver tumor progression
11 HCC recurrence in the liver and brain metastasis Brain metastasis
12 HCC recurrence in the liver and recurrent lung metastasis Liver tumor progression
13 HCC recurrence in the liver and recurrent lung metastasis Liver tumor progression
14 Lost to follow-up Unknown
15 HCC recurrence in the liver Bleeding of esophageal varices
Causes of Death

Of the 28 patients included in this study, 15 patients died. All 15 deceased patients
belonged to the high-risk group. The causes of their death and final status of tumor recur-
rence were investigated and are summarized in Table 4. Three patients were lost to follow-up
and died according to the public record. The causes of their death were unavailable. Of the
remaining 12 patients, all had recurrent HCC in the liver with disease progression. These
patients were treated with TACE, hepatectomy, radiofrequency ablation, percutaneous
ethanol injection, and/or radiation as needed according to their clinical conditions. Eight of
the 12 patients died of liver failure due to liver tumor progression. Seven of the deceased
patients developed recurrent lung metastases. Nevertheless, only 1 patient died of respi-
ratory failure associated with recurrent lung metastasis in the presence of coexisting liver
tumor progression. Three patients died of brain metastasis. One patient died of bleeding
esophageal varices. Development of intrahepatic recurrence with hepatic failure and brain
metastasis were the major causes of death. The finding of low likelihood of dying from respi-
ratory failure suggests that recurrent lung metastasis was not a major cause of death among
patients treated with pulmonary metastasectomy.

Three of the 7 patients with recurrent lung metastasis received repeated pulmonary
metastasectomy. One had pulmonary metastasectomy a total of 3 times and died of brain
metastasis 38 months after the first metastasectomy. The other 2 patients had pulmonary
metastasectomy twice in total. Both died of liver tumor progression and one of them also
developed respiratory failure due to lung metastasis. The other 4 patients with recurrent lung
metastasis did not receive metastasectomy due to liver tumor progression.

Discussion
In order to identify clinical factors that may be used to identify HCC patients who are
suitable for pulmonary metastasectomy, we identified 28 patients who received such

treatment at our institution from 1993 to 2012. Like many other studies in the past [6-8,
10-14, 16-25], only a limited number of patients was available for the study. To effectively
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use the limited number of patients, we conducted a survival analysis of these patients at the
beginning and found a biphasic survival curve indicating that there were 2 groups of patients
(Fig. 1). One group had limited survival and the other had excellent long-term survival after
pulmonary metastasectomy. The presence of these 2 groups of patients offered us an oppor-
tunity to conduct a comparative study addressing our question.

Through comparison of these 2 groups of patients, we found 2 clinical factors that were
associated with long-term survival outcome after pulmonary metastasectomy, namely
remission status of HCC in the liver (complete remission vs. partial remission) at the time of
metastasectomy, and metastasis-free interval of >6 months between the last treatment of
HCCin theliver and the occurrence of pulmonary metastasis. Patients who met these 2 criteria
survived longer than 40 months after metastasectomy. The results indicate that these 2
clinical parameters may be useful for identifying patients who should receive pulmonary
metastasectomy to gain long-term survival outcome. However, our study was unable to
answer the question of whether the high-risk patients who died within 40 months after initial
metastasectomy benefited from metastasectomy or not. Thus, the findings of our study cannot
be used to exclude patients who did not meet the low-risk criteria for pulmonary metasta-
sectomy.

According to earlier and recently published studies, disease-free interval (DFI) [11, 16,
18, 26], AFP level [16-19], history of recurrence [20], and <2 pulmonary metastatic tumor
nodules [11] are prognostic for patients undergoing pulmonary metastasectomy. The results
of our study support that DFI and status of primary liver tumor are indeed important prog-
nostic factors. The parameter of distant metastasis-free interval used in our study is part of
the reported DFI. Distant metastasis-free interval was used in our study because not all our
patients received hepatic resections as the initial treatment. Eighteen of our patients received
hepatic resection firstand 9 of them also received additional treatment of TACE and/or radio-
frequency ablation. Seven other patients were treated with TACE initially and received
hepatic resection later. The other 3 patients did not receive any hepatic resection and were
treated with repeated TACE, alcohol injection, and/or radiofrequency ablation. Consequently,
durations of treatment of HCC in the liver varied significantly among our patients. The median
duration between the first treatment and the last treatment of the liver was 6.6 months with
a mean and standard deviation of 11.5 and 13.6 months. We therefore adopted “distant
metastasis-free interval” to avoid significantly varying durations devoted to treat HCC in the
liver. We believe that the distant metastasis-free interval could more directly reflect the
biology of tumor growth for lung metastasis, because it assesses the time period between
completion of liver tumor treatment and the clinical appearance of lung metastasis. We inves-
tigated the use of DFI of 12 months as a prognostic parameter (Table 3). DFI was defined as
the duration between the initial treatment of HCC in the liver and the detection of pulmonary
metastasis. DFI of 12 months did not show a significant association and only showed a trend
with survival outcome after metastasectomy (Table 3). The lack of significant association was
likely due to the high degree of variation in the duration devoted to control HCC in the liver
as mentioned above. We also used status of primary liver tumor before pulmonary metasta-
sectomy asavariable in our study. “Status of primaryliver tumor” includes complete remission
(no recurrence) and partial remission of liver tumor or recurrence in the liver after initial
treatment which is similar to “history of recurrence” [20].

On the one hand, the results of our study are consistent with the findings of previous
studies, because the distant metastasis-free interval used by us was part of DFI used in the
reported studies. On the other hand, there was a major difference between our study and a
previously reported study [26]. This difference was inclusion of many patients treated with
different therapeutic modalities other than hepatic resection to control HCC in the liver be-
fore metastasectomy. The results of our study indicate that patients not eligible for hepatic
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resection initially may benefit from pulmonary metastasectomy and gain a better survival
outcome as long as their HCC in the liver can be controlled and lung metastasis does not occur
within 6 months after the last treatment of HCC in the liver.

Regarding AFP as a prognostic and predictive factor, we did not include this variable in
our analyses, because AFP levels were not consistently determined shortly before pulmonary
metastasectomy. The time interval between AFP measurements and the surgical procedure
varied significantly from 3 to 107 days.

In our study, we included patients who had metastasectomy up to March 2012. The
national health insurance coverage of sorafenib treatment was not available until September
2012. In September 2012, 14 patients were alive. Among these 14 patients, 1 died of liver
tumor progression and brain metastasis in September 2012. Another patient died of bleeding
esophageal varices in November 2012. This patient did not have recurrent pulmonary metas-
tasis but had intrahepatic recurrence and tumor progression. Twelve of these patients were
still alive up to September 2015. No patient was treated with sorafenib or chemotherapy.
There were no lung metastasis patients without surgery who were treated with sorafenib for
comparison. Therefore, we were unable to compare the difference of survival between such
two groups of patients.

Although our study spanned nearly 20 years from 1993 to 2011, 27 out of 28 patients
were diagnosed and treated after 1999. Only 1 patient included in the study was diagnosed
and treated before 1999 (in 1993). Thus, the long-spanning duration of our study should not
have a major impact on our findings. We also recognize the limited number of patients in our
study. Nevertheless, findings generated from the present study are consistent with recently
reported studies [25-26]. Our findings and those reported by Mizuguchi et al. [25] and Taka-
hashi et al. [26] could be clinically useful to identify patients who may benefit most from
metastasectomy for lung metastasis of HCC.

Statement of Ethics
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its later amendments.
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