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Background: Only a few studies have investigated the clinical features and outcomes of
patients with pulmonary metastasis from hepatocellular carcinoma (HCC) at the initial
diagnosis. This study aimed to evaluate the prevalence, risk factors and prognostic factors
related to pulmonary metastasis and then construct a nomogram to predict the outcomes of
patients with HCC presenting with pulmonary metastasis.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was used to
select patients. A total of 25,236 eligible patients diagnosed with HCC from 2010 to 2015
were selected. Then, 897 patients with HCC presenting with pulmonary metastasis at the
initial diagnosis were included in the primary set (n=598) and validation set (n=299).
Logistic and Cox regression analyses were used to determine the risk factors and prognostic
factors for pulmonary metastasis. A nomogram predicting the prognosis of patients with
HCC presenting with pulmonary metastasis was constructed based on independent prognos-
tic factors identified in Cox regression analyses. Both internal and external validations of the
nomogram were performed using discrimination and calibration plots.

Results: The prevalence of pulmonary metastasis was 3.6% (897/25,236) in the entire cohort
diagnosed with HCC as the initial diagnosis. Age, race, Edmonson-Steiner classification
grade I/III, higher T stage, N stage, alpha fetoprotein(AFP) levels, brain metastasis, bone
metastasis and intrahepatic metastasis were positively correlated with the development of
HCC with pulmonary metastasis at the initial diagnosis. Prognostic factors incorporated in
the nomogram were sex, T stage, bone metastasis, AFP levels, treatment, radiation and
chemotherapy. The concordance index (C-index) of the nomogram in the primary set was
0.661 (95% CI: 0.633-0.688), indicating considerable predictive accuracy. The calibration
curves showed consistency between the nomogram and the actual observations. When the
nomogram was applied to the validation set, the results also remained reconcilable, and the
C-index of the nomogram was 0.657 (95% CI: 0.626-0.698).

Conclusion: A list of risk factors associated with pulmonary metastasis occurrence in
patients with HCC was selected, and the nomogram accurately predicted the prognosis of
patients with HCC presenting with pulmonary metastasis at the initial diagnosis.
Keywords: hepatocellular carcinoma, pulmonary metastasis, nomogram, (SEER) database

Introduction

Hepatocellular carcinoma (HCC) is the most common cancer and the third leading
cause of cancer-related deaths worldwide.! Several therapies, including liver resec-
tion, transplantation and ablation, are potential curative methods for early-stage
disease.>” However, most patients in China are diagnosed with advanced or even
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end-stage HCC, which is always associated with vascular
invasion and extrahepatic metastasis. The most frequent
site of extrahepatic metastasis in patients with HCC is the
lung, followed by lymph nodes, bone, and brain.*

The incidence of pulmonary metastasis in patients with
HCC is relatively low but is frequently associated with
a poor prognosis and shorter survival.” Specific treatments
are not available for this set of patients other than the
recommended guidelines for advanced HCC, which
includes systemic treatment, transarterial chemoemboliza-
tion (TACE) and radiation.® Currently, fewer investiga-
tions have been conducted concerning the clinical
characteristics and prognosis of patients with HCC pre-
senting with pulmonary metastasis. Moreover, due to the
relatively low incidence, no clinicopathological character-
istics of HCC with pulmonary metastasis or recognized
staging systems have sufficient predictive prognostic value
for this set of patients. Hence, a summary of characteris-
tics and a more accepted and easy-to-operate model for
predicting prognosis are needed to identify variables asso-
ciated with the development of pulmonary metastasis in
patients with HCC and improve the prognosis of patients
with HCC presenting with pulmonary metastasis.

Nomograms have been widely used in clinical practice
due to their precise value and convenience for predicting
the prognosis of many tumors.®® In this study, we first
evaluated the prevalence and risk factors for pulmonary
metastases in patients with HCC and further identified
prognostic factors to construct a nomogram for patients
with HCC presenting with pulmonary metastasis using
data from the Surveillance, Epidemiology, and End
Results (SEER) database.

Materials and Methods

Database and Patient Selection

The Surveillance, Epidemiology, and End Results (SEER)
program (1973-2015) is a cancer registry that contains
information on patients with cancer and is supported by
the National Cancer Institute and Centers for Disease
Control and Prevention. Patients who were diagnosed with
primary HCC between 2010 and 2015 were selected because
information on metastases was not recorded before 2010.
The primary site was code C22.0, and histological types
were codes 8170/3-8175/3 to identify HCC. The patients
were considered eligible for this study if they met the fol-
lowing criteria: 1) aged > 18 years, 2) survival time > 1
month, and 3) adequate clinical information was available.

From January 1, 2010 to December 31, 2015, 25,236
patients identified as having HCC were included in our
study to further analyze the pulmonary metastasis preva-
lence and risk factors. Data from 897 patients who were
initially diagnosed with HCC with pulmonary metastasis
were extracted and constituted another cohort for further
analysis to analyze risk factors. We randomly divided the
aforementioned cohort into one primary training cohort
(n=598) and one validation cohort (n=299). A nomogram
was established for the primary cohort and validated using
the validation cohort.

Statistical Analysis

Categorical variables were evaluated using the chi-square
test or Fisher’s exact test. We identified the risk factors
for patients initially diagnosed with HCC and pulmonary
metastasis using a logistic regression model. The inde-
pendent prognostic factors for survival were determined
using Cox hazards models. The backward step-down
process based on the Akaike information criterion (AIC)
was performed to finally identify independent prognostic
factors. Both the odds ratios (ORs) and the hazard ratios
(HRs) with their 95% confidence intervals (95% CIs)
were calculated. We used overall survival as the primary
endpoint, which was defined as the interval from the date
of diagnosis until the date of death or the last day of
follow-up. A nomogram with several significant prognos-
tic factors identified using the Cox hazard models was
established using R software (version 3.5.1, https://www.
r-project.org/). We further assessed the performance of
the nomogram using Harrell’s concordance index
(C-index), where a larger value indicates higher prognos-
tic value. Calibration curves for our nomogram were
depicted to explain the concordance between the pre-
dicted survival and the observed survival. The statistical
analysis was performed using R software (version 3.5.1)
and GraphPad Prism software version 6.0 (GraphPad
Software, Inc., La Jolla, CA). All tests were two-sided,
and p<0.05 was considered statistically significant.

Results
Prevalence of HCC with Pulmonary

Metastasis

According to the inclusion criteria, 25,236 patients were
enrolled. The characteristics and demographics of
patients with HCC presenting with or without pulmonary

metastasis are presented in Tables 1 and 2. The
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Table | Multivariable Logistic Regression Analysis of Characteristics of Patients with Hepatocellular Carcinoma Presenting with

Pulmonary Metastasis at the Initial Diagnosis (%)

Characteristics Total HCC Patients (2010-2015) OR (95% CI) P value
With PM Without PM
Patients 25,236 897 (3.6) 24,339 (96.4) - -
Age
<50 1388 81 (5.8) 1307 (94.6) | (Reference) |
50-60 7346 277 (3.1) 7069 (96.9) 0.73(0.56-0.98) 0.03*
60-70 9281 285 (3.1) 8996 (96.9) 0.62(0.47-0.82) <0.001*
70-80 4917 169 (3.4) 4748 (96.6) 0.75(0.56-1.02) 0.06
>80 2304 85 (3.7) 2219 (96.3) 0.85(0.60-1.19) 0.34
Race
White 17,327 534 (3.1) 16,793 (96.9) | (Reference) |
Black 3508 168 (4.8) 3340 (95.2) 1.36(1.12—1.64) 0.002*
Other** 4401 195 (4.4) 4206 (95.6) 1.45(1.21-1.74) <0.001*
Sex
Female 5934 192 3.2) 5742 (96.8) | (Reference) |
Male 19,302 705 (3.7) 18,597(96.3) 1.01(0.84-1.20) 0.951
Edmonson-Steiner classification
Unknown 16,406 583(3.6) 15,823(96.5) | (Reference) |
| 2736 57(2.1) 2679(97.9) 0.73(0.54-0.96) 0.03*
1l 4168 127 (3.0) 4041 (97.0) 0.95(0.77-1.56) 0.60
1] 1800 120 (6.7) 1680 (93.3) 1.43(1.14-1.76) 0.001*
v 126 10 (7.9) 116 (92.1) 1.78(0.84-3.36) 0.10
T stage
TI 12,259 236 (1.9) 12,023 (98.1) | (Reference) |
T2 5997 114 (1.9) 5883 (98.1) 0.90(0.71-1.13) 0.39
T3 6154 408 (6.6) 5746 (93.4) 2.41(2.02-2.87) <0.001*
T4 826 139 (16.8) 687 (83.2) 5.96(4.67-7.58) <0.001*
N stage
NO 23,504 679 (2.9) 22,825 (97.1) | (Reference) |
NI 1732 218 (12.6) 1514 (87.4) 2.38(1.98-2.85) <0.001*
Bone metastasis
None 24,499 754 (3.1) 23,745 (96.9) | (Reference) |
Yes 737 143 (19.4) 594 (80.6) 4.40(3.47-5.55) <0.001*
(Continued)
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Table | (Continued).

Characteristics Total HCC Patients (2010-2015) OR (95% CI) P value
With PM Without PM
Brain metastasis
None 25,183 879 (3.5) 24,304 (96.5) | (Reference) |
Yes 53 18 (34.0) 35 (66.0) 6.75(3.48-12.63) <0.001*
Intrahepatic metastasis
None 25,045 821 (3.3) 24,224 (96.7) | (Reference) |
Yes 191 76 (39.8) 115 (60.2) 6.94(3.48-12.63) <0.001*
AFP
Unknown 4038 121 (3.0) 3917 (97.0) I (Reference) |
Elevated 15,244 680 (4.5) 14,564 (95.5) 1.05(0.85-1.30) 0.64
Normal 5954 96 (1.6) 5858 (98.4) 0.56(0.42-0.74) <0.001*
Insurance status
Uninsured 11,027 367 (3.3) 10,660 (96.7) | (Reference) |
Insured 14,209 530 3.7) 13,679 (96.3) 0.94(0.81-1.10) 0.42
Marital status
Unmarried 11,021 401 (3.6) 10,620 (96.4) | (Reference) |
Married 14,215 496 (3.5) 13,719 (96.5) 0.88(0.76-1.02) 0.09

Notes: *Indicates significance of P<0.05. **Indicates American Indian/AK Native, Asian/Pacific Islander, and unknown.
Abbreviations: HCC, hepatocellular carcinoma; PM, pulmonary metastasis; AFP, alpha fetoprotein; OR, odds ratio; Cl, confidence interval.

prevalence of pulmonary metastasis was 3.6% (897/
25,236) in the entire cohort initially diagnosed with
HCC. Overall, most patients with HCC presenting with
pulmonary metastasis were male (78.6%), white (59.5%),
married (55.3%) and insured (59.1%). In terms of age,
most patients were diagnosed at ages of 60-70 years
(31.8%), followed by 50-60 (30.9%), 70-80 (18.8%),
>80 (9.5%) and <50 (9.0%) years. Notably, 75.8% of
patients presented elevated levels of alpha fetoprotein-
(AFP), and approximately equal numbers of patients had
grade II (14.2%) or III (13.4%) tumors according to the
Edmondson—Steiner classification. Regarding the T stage,
most patients were diagnosed with T3 stage (45.5%),
followed by T1 (26.3%), T4 (15.5%), and T2 (12.7%).
A small proportion of patients were diagnosed with mul-
tiple metastases, such as bone (15.9%), liver (8.5%) and
brain (0.2%) metastases. No significant differences in the
clinical characteristics or demographics of the patients
were observed between the primary and validation sets,
as shown in Table 2.

Risk Factors for Developing Pulmonary

Metastasis in Patients with HCC

Risk factors associated with the development of pulmon-
ary metastasis in patients with HCC were analyzed using
univariate and multivariate logistic regression models, as
presented in Table 1. Based on our results, age, race,
/111,
T stage, N stage, AFP levels, brain metastasis, bone metas-

Edmonson-Steiner classification grade higher
tasis and intrahepatic metastasis were positively correlated
with the development of pulmonary metastasis in patients

with HCC at the initial diagnosis.

Prognostic Factors for the Overall
Survival of Patients with HCC Presenting
with Pulmonary Metastasis

During follow-up, 94.4% (N=565) of patients with HCC
presenting with pulmonary metastasis at the initial diagnosis
who were included in the primary cohort died. As shown in
Table 3, after the univariate analysis, sex, Edmonson-Steiner
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Table 2 Comparison of Characteristics of the Primary and Validation Sets (%)

Characteristics All Patients Primary Set Validation Set P value
Patients 897 598 299
Age 0.824
<50 81(9.0) 54 (9.0) 27 (9.0)
50-60 277(30.9) 192 (32.1) 85 (28.4)
60-70 285(31.8) 186 (31.1) 99 (33.1)
70-80 169(18.8) 112 (18.8) 57(19.1)
>80 85(9.5) 54 (9.0) 31,910.4)
Race 0.389
White 534(59.5) 362 (60.5) 172 (57.5)
Black 168(18.7) 114 (19.1) 54(18.1)
Other** 195(21.7) 122 (20.4) 73 (24.4)
Sex 0.730
Female 192(21.4) 126 (21.1) 66 (22.1)
Male 705(78.6) 472 (78.9) 233 (77.9)
Edmonson-Steiner classification 0.921
Unknown 583(65.0) 387 (64.7) 196 (65.6)
| 57(6.4) 38 (6.4) 19 (6.4)
Il 127(14.2) 82 (13.7) 45 (15.1)
1 120(13.4) 84(14) 36(12.0)
v 10(1.1) 7(1.2) 3(1.0)
T stage 0.889
TI 236(26.3) 156(26.1) 80(26.8)
T2 114(12.7) 79(13.2) 35(11.7)
T3 408(45.5) 273(45.7) 135(45.2)
T4 139(15.5) 90 (I5.1) 49(16.4)
N stage 0.660
NO 679(75.7) 450 (75.3) 229(76.6)
NI 218(24.3) 148 (24.7) 70(23.4)
Bone metastasis 0.949
None 754(84.1) 503 (84.1) 251(83.9)
Yes 143(15.9) 95 (15.9) 48(l16.1)
Brain metastasis |
None 879(98.0) 586 (98.0) 293(98.0)
Yes 18(0.2) 12 (0.02) 6(0.02)
(Continued)
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Table 2 (Continued).
Characteristics All Patients Primary Set Validation Set P value
Intrahepatic metastasis 0.397
None 821(91.5) 544 (91.0) 277(92.6)
Yes 76(8.5) 54 (9.0) 22(7.4)
AFP 0.219
Unknown 121(13.5) 89 (14.9) 32(10.7)
Elevated 680(75.8) 447 (74.7) 233(77.9)
Normal 96(10.7) 62 (10.4) 34(11.4)
Insurance status 0.962
Uninsured 367(40.9) 245 (41.0) 122(40.8)
Insured 530(59.1) 353 (59.0) 177(59.2)
Marital status 0.129
Unmarried 401(44.7) 278 (46.5) 123(41.1)
Married 496(55.3) 320 (53.5) 176(58.9)

Note: **Indicates American Indian/AK Native, Asian/Pacific Islander, and unknown.

Abbreviation: AFP, alpha fetoprotein.

classification grade I, T stage, N stage, bone metastasis, AFP
levels, marital status, treatment, radiation and chemotherapy
were significantly associated with OS.

In the multivariate analysis, sex, T stage, bone metas-
tasis, AFP levels, treatment, radiation and chemotherapy
were identified as prognostic factors for OS.

Construction and Validation of the

Nomogram
The nomogram was constructed using the seven significant
prognostic factors listed above, which were generated
from the multivariate analysis, to predict the 1-, 2- and
3-year OS of patients with HCC and pulmonary metastases
(Figure 1). By adding the scores of the identified factors,
we easily determined the probability of survival.

The C-indexes of the nomogram for predicting OS
were 0.661 (95% CI: 0.633-0.688) and 0.657 (95% CI:
0.626—0.698) for the primary and validation cohorts,
respectively, which showed good predictive value of the
nomogram. As shown in Figure 2, the calibration curves
for 1-, 2- and 3-year OS suggested excellent agreement
with the survival predicted by the nomogram and the
actual observation in the primary cohort. In the validation
cohort, the also

calibration curves showed good

consistency between the probability and observation in
the nomogram.

Discussion

Patients with HCC and extrahepatic disease at the initial
diagnosis have a poor prognosis. The most frequent site of
extrahepatic metastasis in patients with HCC is the lung.

lower incidence,

9-12

Due to its previously published

investigations” - were primarily derived from case reports
and single-institution experience, with relatively small
sample sizes. Therefore, the largest population-based
investigation conducted to date was performed to analyze
the clinical characteristics, risk factors and prognostic
factors and subsequently construct a novel and accurate
nomogram for predicting the prognosis of patients with
HCC presenting with pulmonary metastasis.

In the present study, we identified several factors,
including an older age, nonwhite race, higher grade and
T stage and metastatic lesions (bone, brain, and intrahepa-
tic metastasis), correlated with greater odds of pulmonary
metastasis at diagnosis. This nomogram indicated that if
the patients had the above features, they should undergo
additional measures for the early detection or prevention
of pulmonary metastasis. Accordingly, we suggest that
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Table 3 Univariate and Multivariate Analysis of Overall Survival for the Primary Set
Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P
Age
<50 I (Reference) | I (Reference) |
50-60 1.11(0.86—1.44) 0.410 1.26(0.96—1.64) 0.091
60-70 1.13(0.88-1.47) 0.333 1.19(0.91-1.55) 0.204
70-80 1.14(0.87-1.50) 0.342 1.28(0.96-1.71) 0.088
>80 1.07(0.77-1.47) 0.677 1.14(0.82-1.59) 0.425
Race
White I (Reference) | I (Reference) |
Black 1.03(0.86-1.23) 0.747 0.98(0.82-1.18) 0.871
Other** 1.04(0.87-1.23) 0.685 1.17(0.97-1.39) 0.929
Sex
Female I (Reference) | I (Reference) |
Male 1.32(1,17-1.41) 0.038* 1.21(1.01-1.43) 0.036*
Edmonson-Steiner classification
Unknown I (Reference) | I (Reference) |
[ 0.74(0.56-0.99) 0.040* 0.89(0.67-1.18) 0.415
1l 0.82(0.67-1.00) 0.055 0.97(0.79-1.18) 0.747
1] 1.07(0.87-1.32) 0.488 1.17(0.95-1.44) 0.140
v 1.22(0.65-2.29) 0.529 1.82(0.95-3.50) 0.069
T stage
TI I (Reference) | I (Reference) |
T2 1.39(1.10-1.75) 0.006* 1.32(1.04-1.68) 0.023*
T3 1.40(1.19-1.66) <0.001* 1.42(1.19-1.70) <0.001*
T4 1.40(1.13-1.75) 0.002* 1.47(1.17-1.84) <0.001*
N stage
NO I (Reference) | | (Reference) |
NI 1.24(1.06-1.46) 0.006* 1.07(0.90-1.26) 0.437
Bone metastasis
None I (Reference) | I (Reference) |
Yes 1.20(1.00-1.44) 0.045* 1.29(1.04-1.60) 0.022*
Brain metastasis
None I (Reference) | | (Reference) |
Yes 1.20(0.75-1.91) 0.455 1.15(0.70-1.87) 0.580
(Continued)
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Table 3 (Continued).

Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P

Intrahepatic metastasis

None I (Reference) | I (Reference) |

Yes 1.08(0.85-1.38) 0.543 0.96(0.75-1.23) 0.752
AFP

Unknown | (Reference) | I (Reference) |

Elevated 0.99(0.82-1.22) 0.969 1.00(0.81-1.25) 0.965

Normal 0.73(0.55-0.97) 0.027* 0.75(0.56-0.83) 0.032*
Insurance status

Uninsured | (Reference) | | (Reference) |

Insured 1.03(0.90-1.18) 0.693 1.10(0.94-1.28) 0.217
Marital status

Unmarried | (Reference) | | (Reference) [

Married 0.86(0.75-0.99) 0.036* 0.94(0.81-1.10) 0.449
Treatment

No surgery I (Reference) | I (Reference) |

Local tumor destruction 0.29(0.16-0.53) <0.001* 0.32(0.17-0.59) <0.001*

Hepatectomy 0.36(0.20-0.66) <0.001* 0.34(0.18-0.63) <0.001*
Radiation

None | (Reference) | I (Reference) |

Yes 0.80(0.65-0.98) 0.032* 0.67(0.53-0.86) 0.001*
Chemotherapy

None | (Reference) | | (Reference) [

Yes 0.60(0.53-0.69) <0.001* 0.56(0.48-0.65) <0.001*

Notes: *Indicates significance of P<0.05. **Indicates American Indian/AK Native, Asian/Pacific Islander, and unknown.

Abbreviations: AFP, alpha fetoprotein; HR, hazard ratio; Cl, confidence interval.

regular chest CT scans should be considered to diagnose
pulmonary metastasis early."?

Several widely recognized staging systems are avail-
able for evaluating HCC, such as the Barcelona Clinic
Liver Cancer (BCLC) classification, TNM staging systems
and American Joint Committee (AJCC) cancer staging
system.'* Many variables were identified as prognostic
factors and were included in cancer staging systems,
including the tumor size, vascular invasion, performance
status, distant metastases, and liver function indicators

such as serum albumin and bilirubin levels. However,

these staging systems and prognostic factors were only
applied to patients with HCC without pulmonary
metastasis.'> As shown in the present study, several prog-
nostic variables, including sex, T stage, bone metastasis,
AFP levels, treatment allocation, radiation and chemother-
apy, were associated with OS and were then integrated into
the nomogram for predicting the OS of patients with HCC
presenting pulmonary metastasis. Among these factors,
T stage, AFP levels, treatment, radiation and chemother-
apy were most strongly associated with the OS of patients
with  HCC and pulmonary metastasis. According to
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presenting with pulmonary metastasis.
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previous studies,'®!” the T stage is an important prognos-
tic factor for survival or recurrence. A larger tumor size
always occurs concomitantly with microscopic vascular
invasion. Several staging systems have selected tumor

Dai et al'

size as an important prognostic factor.'®
reported a better prognosis and lower recurrence rate for
patients with a tumor size <5 cm than patients with
a tumor size >5 cm. Another study”® based on a large
population of 38,368 patients also revealed significant
differences in the five-year CSS among subgroups with
different tumor sizes (p < 0.001). The results from our
study were consistent with previous studies, indicating that
a larger tumor size correlated with a worse prognosis. As
an important diagnostic marker for liver cancer, AFP
levels are important in determining the diagnosis and
prognosis and are widely used in clinical practice.*!
Abnormal AFP levels or increases in AFP levels after
resection can help identify metastases or possible tumor
recurrence. One study'® of 397 patients with HCC who
underwent tumor resection found that patients with AFP
levels >20 ng/mL had 2.2-fold higher mortality rate than
patients with AFP levels < 20 ng/mL. The results from our
study also revealed that patients with HCC and pulmonary
metastasis who presented normal AFP levels had a longer
OS than patients with elevated AFP levels.

According to  the

consensus,2’3’22

clinical  guidelines and
patients with HCC who are diagnosed
with pulmonary metastasis were classified as having
advanced stage disease. The treatment modalities for this
set of patients include systemic treatment, transarterial
chemoembolization (TACE) and radiation. In our study,
only a small percentage of patients underwent local tumor
resection and hepatectomy, and those subgroups experi-
enced longer OS than patients who did not receive these
treatments. Regrettably, patients with HCC presenting pul-
monary metastasis always have multiple lesions in the
liver and vascular invasion, which is a contraindication
for local treatment for HCC. Based on our results, the
modality of radiation correlated with the survival outcome
of patients with HCC presenting with pulmonary metasta-
sis. Significant progress in radiotherapy technology has
been attained, such as three-dimensional conformal radio-
therapy characterized by lower radiotoxicity.”> Several
published studies have reported the effectiveness of radio-
therapy for patients with HCC presenting with portal vein
tumor thrombosis.”* 2’ Bae et al*® reported the treatment
of 47 patients with HCC complicated with PVTT using
3D-CRT and achieved a response rate of 40% and a 1-year

survival rate of 15%. Patients with HCC presenting with
pulmonary metastasis were classified as having advanced
stage disease, which was always accompanied by portal
vein thrombosis. Radiotherapy plays an important role in
controlling portal vein thrombosis in patients with HCC,
thus improving survival outcomes. In our study, this sub-
population who received chemotherapy achieved a better
prognosis than patients who did not receive chemotherapy.
Intrahepatic lesions and pulmonary metastasis are all
refractory to systemic chemotherapy. However, several
investigators®® have shown the benefit of transarterial che-
motherapy infusion (TAI) for treating pulmonary metasta-
sis from HCC. Based on the aforementioned results, one
explanation for the benefit of chemotherapy in our study is
that the modality of chemotherapy may be TAI, which was
not described carefully in the SEER database.

Apart from the prognostic factors for OS listed above
that were identified in our study, a series of studies
reported other treatment modalities and characteristics
related to survival outcomes. Tomimaru et al*® reported
the data from 14 patients with pulmonary metastases from
HCC, 8 of whom underwent pulmonary resection. The
results showed a better prognosis and survival for patients
who received pulmonary resection. Lee et al*! analyzed 32
patients who underwent surgical resection for pulmonary
metastasis from HCC and reported a significantly longer
median survival time after pulmonary resection than for
patients without surgical treatment, with a disease-free
time > 12 months. Based on these results, surgical resec-
tion for pulmonary metastasis from HCC might be a better
option for some patients.

This large-scale study revealed the clinical character-
istics, risk and prognostic factors for patients with HCC
and pulmonary metastasis. Our study had several limita-
tions that should be noted. First, as mentioned above,
information on microvascular invasion (MVI), liver func-
tion and the Eastern Cooperative Oncology Group score
could not be obtained from the SEER database. Second,
details on chemotherapy were insufficient in the database.
Finally, the database also lacks information on recurrence
and laboratory parameters, which play crucial roles in
determining the prognosis of patients with HCC presenting
with pulmonary metastasis.

In conclusion, a list of risk factors associated with
pulmonary metastasis occurrence was selected, and the
nomogram accurately predicted the prognosis of patients
with HCC and pulmonary metastasis at the initial
diagnosis.
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