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Background: Lung metastasis (LM) is a common occurrence in patients with hepatocellular carcinoma (HCC), and it is associated with a poorer prognosis compared to HCC patients without LM. This study aimed to identify predictors and prognostic factors for LM in HCC patients as well as develop diagnostic and prognostic nomograms specifically tailored for LM in HCC patients.

Methods: A retrospective analysis was conducted on HCC patients from the Surveillance, Epidemiology, and End Results (SEER) database, covering the period from 2010 to 2015. The study employed multivariate logistic regression analysis to identify risk factors associated with LM in HCC patients. Additionally, multivariate Cox proportional hazards regression analysis was utilized to investigate prognostic factors for HCC patients with LM. Subsequently, two nomograms were developed to predict the risk and prognosis of LM in HCC patients. The performance of the nomograms was evaluated through calibration curves, receiver operating characteristic (ROC) curves, and decision curve analysis (DCA).

Result: This retrospective study included a total of 5,934 patients diagnosed with HCC, out of which 174 patients were diagnosed with LM. Through multivariate logistic regression analysis, several independent risk factors for LM in HCC patients were identified, including tumor grade, tumor size, American Joint Committee for Cancer (AJCC) T stage, and AJCC N stage. Furthermore, multivariate Cox analysis revealed that tumor grade, delayed treatment, surgery, and radiation were independent prognostic factors for HCC patients with LM. To assess the predictive power of the developed nomograms, calibration curves, receiver operating characteristic (ROC) analysis, and decision curve analysis (DCA) were employed. The findings demonstrated that the nomograms exhibited satisfactory performance in both the training and validation sets. Additionally, the prognostic nomogram effectively stratified HCC patients with LM into low- and high-risk groups for mortality.

Conclusion: These two nomograms optimally predicted the risk and prognosis of LM in HCC patients. Both nomograms have satisfactory performance. This would help clinicians to make accurate clinical decisions.
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1. Introduction

Hepatocellular carcinoma (HCC) represents a prevalent malignancy globally, with a significant impact on public health. In 2020, an estimated 9,05,677 new cases of HCC were diagnosed worldwide, accompanied by approximately 8,30,180 reported deaths. The incidence of HCC is notably higher in transitioning countries, reflecting the dynamic nature of the disease burden across different regions. These statistics underscore the urgent need for effective strategies in the prevention, early detection, and treatment of HCC to mitigate its global impact (1). The mortality rate of HCC patients has decreased due to advances in early diagnosis and treatment. However, distant metastases still occur in a significant proportion (14.0%−36.7%) of HCC patients at the time of initial diagnosis (2, 3). The lungs are the predominant site of extrahepatic metastases in HCC patients, with a median survival of 8.1 months after the diagnosis of extrahepatic metastases. (4–6). Hence, it is imperative to identify risk factors associated with LM in HCC and develop diagnostic and prognostic models to effectively monitor high-risk subgroups. The traditional American Joint Committee for Cancer (AJCC) TNM staging system is still the most frequent tool for assessing the prognosis of cancer patients. It consists of three main components: tumor size, lymph node metastasis, and distant metastasis, but the TNM staging system cannot accurately measure the risk for patients with distant metastatic malignancies (7–9). A nomogram is a graphical depiction of a predictive model derived from individual predictive information that can be used to assess numerical probabilities of events, such as morbidity and mortality (10, 11). Nomograms have emerged as a valuable tool for clinicians in predicting the prognosis of malignant tumors, offering several advantages over traditional methods. In previous studies, numerous diagnostic and prognostic factors have been identified, further enhancing the applicability and reliability of nomograms in clinical practice (12, 13). Nevertheless, it should be noted that the variables included in these studies may not be ideal parameters for predicting LM in HCC. As a result, the clinical efficacy of existing models is somewhat limited. Furthermore, there is a scarcity of studies that specifically investigate the cancer-specific survival (CSS) of HCC patients, further underscoring the need for comprehensive research in this area.

Therefore, there is a necessity to fully comprehend the epidemiological characteristics of HCC patients with LM to identify risk and prognostic factors for LM. This study aimed to select demographic and clinicopathological data from the Surveillance, Epidemiology, and End Results (SEER) database to develop diagnostic and prognostic nomograms to determine the risk and prognosis of LM in HCC patients.



2. Patients and methods


2.1. Patients and variables inclusion

In this study, we included HCC patients from 2010 to 2015 in the SEER database. These data contained baseline demographics, tumor characteristics, treatment options, and survival time. The inclusion criteria were as follows: (1) International Classification of Diseases for Oncology, third edition [ICD-O-3] code 8170 to 8175 and (2) diagnosed between 2010 and 2015. The exclusion criteria were as follows: (1) the presence of primary tumors at other sites; (2) patients lacking important clinicopathological information; and (3) survival time of <1 month. Finally, 5,934 HCC patients were enrolled in this study. The following variables were analyzed to determine the risk factors of LM from HCC: age, sex, race, grade, tumor size, AJCC T stage, AJCC N stage, and alpha-fetoprotein (AFP). A total of 12 variables were analyzed to determine the prognosis for HCC patients with LM, including age, sex, race, income, marital status, grade, AJCC T stage, AJCC N stage, delayed treatment, surgery (performed or not performed), radiation (performed or not performed), and chemotherapy (performed or not performed). As our study used established data and did not involve interactions with human patients, institutional review board approval was not required. In addition, we used the seventh edition of the AJCC TNM staging system, which is available between 2010 and 2015.



2.2. Statistical analysis

All statistical analyses in our study were performed in SPSS 25.0 and R software (version 4.2.1). Using Python, all patients were randomly divided into training and validation sets in the ratio of 7:3. The chi-square test was applied to compare these variables between the training and validation sets. Significant variables (P < 0.05) from the univariate logistic analysis were included in multivariate binary logistic regression analysis to identify independent risk factors of LM in HCC patients. For prognostic factors, the univariate Cox regression analysis was used to identify prognostic variables. Significant variables (P < 0.1) were then included in the multivariate Cox regression analysis to determine the independent prognostic factors for HCC with LM. Diagnostic and prognostic nomograms were created based on the results of multivariate analysis. The receiver operating characteristic (ROC) curve for the diagnostic nomogram and the prognostic nomogram was created. The area under the curve (AUC) was used to assess the discrimination of these nomograms. By analyzing the ROC curves, the discriminative power of the diagnostic nomograms was also compared with the discriminative power of other independent risk factors. In addition, calibration curves and decision curve analysis (DCA) curves were created to evaluate these nomograms. Finally, all patients were divided into high- and low-risk groups according to the median risk score. The predictive value of the prognostic nomogram was verified using survival curves with the log-rank test. In this study, the primary outcome for prognostic survival was CSS, which was defined as the date from diagnosis to death (due to cancer cause) or to the last follow-up visit.




3. Result


3.1. Characteristics of HCC patients

A total of 5,934 HCC patients were included in this study according to our criteria. Meanwhile, 4153 (70%) patients were assigned to the training set and 1,781 (30%) patients were included in the validation set (Figure 1). There were no significant differences in most of the characteristics of patients between the training and validation sets (Table 1).


[image: Figure 1]
FIGURE 1
 Flowchart of including and dividing patients.



TABLE 1 Clinical and pathological features of HCC patients.
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3.2. Risk factors of LM in HCC patients

To determine these variables associated with LM in HCC patients, these variables with a P-value of < 0.05 in the univariate analysis were included in the multivariate logistic regression analysis. The result showed that grade (P < 0.001), tumor size (P < 0.001), AJCC T stage (P = 0.003), and AJCC N stage (P < 0.001) were independent predictors of LM in HCC patients (Table 2).


TABLE 2 Logistic analysis of risk factors of LM in HCC patients.
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3.3. Diagnostic nomogram development and validation

A diagnostic nomogram was established for LM risk assessment in HCC patients based on independent predictors (Figure 2). ROC analysis showed that the AUCs of the diagnostic nomogram reached 0.777 in the training set and 0.771 in the validation set (Figures 3A, 4A). Meanwhile, in both the training and validation sets, the calibration curves showed that the actual observations were in high agreement with the predicted results of the diagnostic nomogram, and the DCA indicated that the diagnostic nomogram could be a good diagnostic tool for LM in HCC patients in clinical practice (Figures 3B, C, 4B, C). Furthermore, the result showed that the AUCs of all independent predictors were lower than the AUCs of the diagnostic nomograms in both the training and validation sets (Figure 5).


[image: Figure 2]
FIGURE 2
 Diagnostic nomogram for predicting LM from HCC patients.
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FIGURE 3
 Receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) of the training set.
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FIGURE 4
 Receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) of the validation set.
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FIGURE 5
 Comparison of area under the receiver operating characteristic curve between diagnostic nomogram and each independent predictor in the training set (A) and the validation set (B).




3.4. Characteristics of HCC patients with LM

A total of 174 eligible patients were used to study prognostic factors. All patients were randomly categorized into a training set (n = 121) and a validation set (n = 53). Most of the variables were not found to be significantly different between the training and validation sets (Table 3).


TABLE 3 Clinical and pathological features of HCC patients with LM.
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3.5. Prognostic factors for HCC patients with LM

In the training set, these variables (grade, P = 0.002; AJCC T stage, P = 0.153; AJCC N stage, P = 0.012; delayed treatment, P = 0.022; radiation, P = 0.093) in the univariate Cox proportional hazards regression analysis were included in the multivariate Cox proportional hazards regression analysis. The result revealed that grade (P < 0.002), delayed treatment (P < 0.017), and radiation (P = 0.041) were identified as independent prognostic factors (Table 4).


TABLE 4 Univariate and multivariate Cox analysis in HCC patients with LM.
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3.6. Prognostic nomogram development and validation

A prognostic nomogram was created based on the independent prognostic factors identified in the training set (Figure 6). The addition of surgery as an important treatment variable to the model can increase the interpretability of the predicted outcomes. The surgical coefficients in the model allow us to assess the degree of impact of different surgical procedures on the predicted outcomes and provide valuable information for clinical decision-making. Therefore, we chose to include surgery in the model to further improve predictive performance. The ROC analysis demonstrated promising performance of the prognostic nomogram in predicting 1-, 3-, and 5-year CSS. In the training set, the AUC values for the aforementioned time points were 0.741, 0.797, and 0.818, respectively (Figure 7A). The validation cohort further validated the robustness of the nomogram, with AUC values of 0.850, 0.869, and 0.974 for the corresponding time points (Figure 8A). The calibration curves also showed a good agreement between the prognostic nomogram predicting CSS and actual outcomes (Figures 7B, 8B). In addition, as shown by the DCA, the prognostic nomogram showed significant positive net benefits over a wide range of mortality risks, indicating that the prognostic nomogram had strong predictive efficiency and good clinical significance in predicting CSS for HCC patients with LM (Figure 7C). For data reasons, it is regrettably not possible to derive a decision curve of the validation set. In addition, we classified all patients into high-risk and low-risk groups based on the median of risk score (Figures 9A, B), and Kaplan–Meier survival curves showed that patients in the high-risk group had a worse prognosis than those in the low-risk group (Figures 9A, B).


[image: Figure 6]
FIGURE 6
 Prognostic nomogram for HCC patients with LM.
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FIGURE 7
 Receiver operating characteristic curve (A), calibration curve (B), and the decision curve analysis (C) of the training set.
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FIGURE 8
 Receiver operating characteristic curve (A) and a calibration curve of the validation set (B).



[image: Figure 9]
FIGURE 9
 Kaplan–Meier survival curve of the training set (A) and the validation set (B).





4. Discussion

HCC is an aggressive tumor and the leading cause of cancer deaths worldwide. Approximately 8,00,000 people dead from HCC in 2020 (1). With the continuous advancement of early diagnosis and comprehensive treatment, the mortality rate of HCC patients has decreased compared with that before (14). Distant metastasis becomes a major cause of death in HCC patients (15). A study reported that 14%−36.7% of HCC patients will develop extrahepatic metastasis, and the lungs are the most common site of metastasis (16). Therefore, it is necessary to clarify the risk and prognostic factors of HCC patients with LM and to develop simple and reliable tools to facilitate early diagnosis of LM and to assist clinicians in making rational clinical decisions.

Although the predictive and prognostic factors of HCC with LM have been reported previously, the lack of important clinical and biochemical indicators, such as AFP, and extrahepatic metastasis such as bone metastasis and brain metastasis are not ideal parameters to predict LM of HCC (17). In this study, we selected variables that were more closely related to clinical practice, and independent risk factors and independent prognostic factors were derived by multivariate binary logistic regression analysis and the multivariate Cox regression analysis. We also created two nomograms based on these independent risk factors to predict the probability of LM in HCC patients and the prognosis of HCC patients with LM. Nomograms in our study with higher prognostic values compared to previous studies (17, 18). Both in the training and validation sets, the two nomograms showed high consistency between the predicted results and those observed in the clinic, which allows clinicians to make more accurate clinical decisions based on several easily available clinical data.

There is no doubt that early detection of LM is extremely important to prolong the survival time of HCC patients. At present, there are many studies on LM in HCC patients. Some studies reported that circASAP1 and miR-1247–3p promoted tumor cell growth and LM and were risk factors for LM in HCC patients (19, 20). However, these indicators are not clinically generalizable. Other studies reported that tumor size was an independent risk factor for LM in HCC patients (4, 21, 22). This was consistent with the results of our study. In general, large tumors grow in the body for a longer time and are prone to vascular invasion and metastasis. Ischemic necrosis is likely to occur within large tumors. A significant correlation was reported between the incidence of primary tumor metastasis and the degree of ischemic necrosis (22–24). Meanwhile, transcatheter chemoembolization is a common treatment for large tumors (25, 26). There was evidence suggesting that transcatheter chemoembolization may lead to tumor dissemination, with the lungs being one of the most common sites of dissemination (27, 28). Previous studies reported that AFP was positively associated with the risk of LM in HCC patients (29, 30). However, in our study, AFP was not an independent risk factor for LM in HCC patients. We believed that an AFP value >400 was a more desirable cutoff value for predicting LM in HCC patients (31). Unfortunately, we cannot get such data from the SEER database. In our study, grade, tumor size, AJCC T stage, and AJCC N stage were significant predictors of LM in HCC patients, and previous studies also confirmed that these factors were correlated with extrahepatic metastases (32, 33). Meanwhile, the result showed that the discriminatory power of the predicted nomogram was stronger than any other individual predictor. This indicated the advantage of the synthetic prediction model. Currently, CT scanning is commonly used to detect lung metastases, but this imaging technique is inadequate for early metastatic lesions in the lung, and computer-aided detection of lung nodules (CAD) has shown great advantages in diagnosing lung nodules, especially small and isolated nodules. We therefore recommend regular screening for lung nodules and, if necessary, lung biopsy in HCC patients with high-risk LM factors.

We also found that grade, delayed treatment, and radiation were independent prognostic factors for HCC patients with LM in this study. Based on the above prognostic factors, we developed the prognostic nomogram. Due to the importance of surgery in clinical practice, we chose to include it in the model to further improve predictive performance. The prognostic nomogram performed effectively in both the training and validation sets and could be used as an intuitive and effective tool for identifying patients with high-risk factors. Previous studies indicated that HCC patients with extrahepatic metastases had an extremely poor prognosis, with a median survival time of 5.9 months (34). Although the prognosis of HCC patients with LM remains poor, early detection and timely appropriate treatment are essential to improve the prognosis of patients. In our study, radiations were independent protective factors for CSS in HCC patients with LM. This was consistent with the results of some previous studies (35, 36). Chemotherapy was one of the recommended treatments for HCC patients with extrahepatic metastases, and previous studies reported that sorafenib, adriamycin, and gemcitabine had a positive impact on survival in advanced hepatoma (37–40). Contrary to our expectation, chemotherapy was not an independent prognostic factor for HCC patients with LM in this study. Unfortunately, we were unable to conduct a detailed study of the prognostic impact of each specific chemotherapy regimen because we did not have access to specific information about chemotherapy regimens. Therefore, we suggest that for a good prognosis, clinical treatment in HCC patients with LM could tend to be surgery and radiation therapy. Notably, previous studies showed that once a tumor had distant organ metastasis, it may accelerate the metastasis to other organs, and the number of metastatic organs also had a significant impact on survival (41). Therefore, we suggest that for HCC patients with LM, a detailed examination of other organs, such as the brain and bone, is necessary.

However, several limitations to our study should be noted. First, this was a retrospective study, and selection bias was inevitable. Second, the limited number of patients (n = 174) may lead to bias, and we should interpret the study results with caution. Third, we did not have access to specific information for patient treatment, such as specific chemotherapy regimens and surgical methods. Finally, due to the rarity of lung metastases from hepatocellular carcinoma, we were unable to perform further validation of the model using data from our own center. In future, we will focus on the prospective validation of the model and the inclusion of additional centers to verify the performance and stability of the model.



5. Conclusion

The two nomograms developed in this study can visually and effectively predict the risk of LM in HCC patients and assess the prognosis of HCC patients with LM. The validation set demonstrated the promising performance and clinical utility of the predictive model. This information can help clinicians to make accurate clinical decisions.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

GS conceived and designed the study, wrote the manuscript, and performed a literature search. GS and YZ generated the figures and tables. GS, ZF, and WQ analyzed the data. GL critically reviewed the manuscript and supervised the research. All authors have read and approved the manuscript.




Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

 2. Katyal S, Oliver JH, Peterson MS, Ferris JV, Carr BS, Baron RL. Extrahepatic metastases of hepatocellular carcinoma. Radiology. (2000) 216:698–703. doi: 10.1148/radiology.216.3.r00se24698

 3. Shuto T, Hirohashi K, Kubo S, Tanaka H, Yamamoto T, Higaki I, et al. Treatment of adrenal metastases after hepatic resection of hepatocellular carcinoma. Dig Surg. (2001) 18:294–7. doi: 10.1159/000050155

 4. Uchino K, Tateishi R, Shiina S, Kanda M, Masuzaki R, Kondo Y, et al. Hepatocellular carcinoma with extrahepatic metastasis: clinical features and prognostic factors. Cancer. (2011) 117:4475–83. doi: 10.1002/cncr.25960

 5. Liang Y, Zhang H, Song X, Yang Q. Metastatic heterogeneity of breast cancer: Molecular mechanism and potential therapeutic targets. Semin Cancer Biol. (2020) 60:14–27. doi: 10.1016/j.semcancer.2019.08.012

 6. Zhang C, Huang S, Zhuang H, Ruan S, Zhou Z, Huang K, et al. YTHDF2 promotes the liver cancer stem cell phenotype and cancer metastasis by regulating OCT4 expression via m6A RNA methylation. Oncogene. (2020) 39:4507–18. doi: 10.1038/s41388-020-1303-7

 7. Wang Z, Pan L, Guo D, Luo X, Tang J, Yang W, et al. A novel five-gene signature predicts the overall survival of patients with hepatocellular carcinoma. Cancer Med. (2021) 10:3808–21. doi: 10.1002/cam4.3900

 8. Yamasaki S. TNM classification of liver cancer. Gan To Kagaku Ryoho. (1997) 24:1175–82.

 9. Pan HD, Peng YF, Xiao G, Gu J. High levels of serum platelet-derived growth factor-AA and human epidermal growth factor receptor-2 are predictors of colorectal cancer liver metastasis. World J Gastroenterol. (2017) 23:1233–40. doi: 10.3748/wjg.v23.i7.1233

 10. Ni X, Li D, Dai S, Pan H, Sun H, Ao J, et al. Development and evaluation of nomograms to predict the cancer-specific mortality and overall mortality of patients with hepatocellular carcinoma. Biomed Res Int. (2021) 2021:1658403. doi: 10.1155/2021/1658403

 11. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–80. doi: 10.1016/S1470-2045(14)71116-7

 12. Wu C, Ren X, Zhang Q. Incidence, risk factors, and prognosis in patients with primary hepatocellular carcinoma and lung metastasis: a population-based study. Cancer Manag Res. (2019) 11:2759–68. doi: 10.2147/CMAR.S192896

 13. Yuan K, Xie K, Lan T, Xu L, Chen X, Li X, et al. TXNDC12 promotes EMT and metastasis of hepatocellular carcinoma cells via activation of β-catenin. Cell Death Differ. (2020) 27:1355–68. doi: 10.1038/s41418-019-0421-7

 14. Guy J, Kelley RK, Roberts J, Kerlan R, Yao F, Terrault N. Multidisciplinary management of hepatocellular carcinoma. Clin Gastroenterol Hepatol. (2012) 10:354–62. doi: 10.1016/j.cgh.2011.11.008

 15. Qiu C, Liu Y, Mei Y, Zou M, Zhao Z, Ye M, et al. Ubiquitin-specific protease 4 promotes metastasis of hepatocellular carcinoma by increasing TGF-β signaling-induced epithelial-mesenchymal transition. Aging. (2018) 10:2783–99. doi: 10.18632/aging.101587

 16. Natsuizaka M, Omura T, Akaike T, Kuwata Y, Yamazaki K, Sato T, et al. Clinical features of hepatocellular carcinoma with extrahepatic metastases. J Gastroenterol Hepatol. (2005) 20:1781–7. doi: 10.1111/j.1440-1746.2005.03919.x

 17. Ye G, Wang L, Hu Z, Liang J, Bian Y, Zhan C, et al. Risk and prognostic nomograms for hepatocellular carcinoma with newly-diagnosed pulmonary metastasis using SEER data. PeerJ. (2019) 7:e7496. doi: 10.7717/peerj.7496

 18. Zhou Y, Zhou X, Ma J, Zhang W, Yan Z, Luo J. Nomogram for predicting the prognosis of patients with hepatocellular carcinoma presenting with pulmonary metastasis. Cancer Manag Res. (2021) 13:2083–94. doi: 10.2147/CMAR.S296020

 19. Fang T, Lv H, Lv G, Li T, Wang C, Han Q, et al. Tumor-derived exosomal miR-1247-3p induces cancer-associated fibroblast activation to foster lung metastasis of liver cancer. Nat Commun. (2018) 9:191. doi: 10.1038/s41467-017-02583-0

 20. Hu ZQ, Zhou SL Li J, Zhou ZJ, Wang PC, Xin HY, et al. Circular RNA Sequencing Identifies CircASAP1 as a Key Regulator in Hepatocellular Carcinoma Metastasis. Hepatology. (2020) 72:906–22. doi: 10.1002/hep.31068

 21. Jung SM, Jang JW, You CR, Yoo SH, Kwon JH, Bae SH, et al. Role of intrahepatic tumor control in the prognosis of patients with hepatocellular carcinoma and extrahepatic metastases. J Gastroenterol Hepatol. (2012) 27:684–9. doi: 10.1111/j.1440-1746.2011.06917.x

 22. Kumar D, Hafez O, Jain D, Zhang X. Can primary hepatocellular carcinoma histomorphology predict extrahepatic metastasis? Hum Pathol. (2021) 113:39–46. doi: 10.1016/j.humpath.2021.04.008

 23. Yang R, Kopecky KK, Rescorla FJ, Galliani CA, Grosfeld JL. Changes of hepatoma echo patterns with tumor growth. A study of the microanatomic basis in a rat model. Invest Radiol. (1993) 28:507–12. doi: 10.1097/00004424-199306000-00008

 24. Bonfil RD, Bustuoabad OD, Ruggiero RA, Meiss RP, Pasqualini CD. Tumor necrosis can facilitate the appearance of metastases. Clin Exp Metastasis. (1988) 6:121–9. doi: 10.1007/BF01784843

 25. Kirikoshi H, Saito S, Yoneda M, Fujita K, Mawatari H, Uchiyama T, et al. Outcomes and factors influencing survival in cirrhotic cases with spontaneous rupture of hepatocellular carcinoma: a multicenter study. BMC Gastroenterol. (2009) 9:29. doi: 10.1186/1471-230X-9-29

 26. Shin BS, Park MH, Jeon GS. Outcome and prognostic factors of spontaneous ruptured hepatocellular carcinoma treated with transarterial embolization. Acta Radiol. (2011) 52:331–5. doi: 10.1258/ar.2010.100369

 27. Lin SC, Shih SC, Kao CR, Chou SY. Transcatheter arterial embolization treatment in patients with hepatocellular carcinoma and risk of pulmonary metastasis. World J Gastroenterol. (2003) 9:1208–11. doi: 10.3748/wjg.v9.i6.1208

 28. Liou TC, Shih SC, Kao CR, Chou SY, Lin SC, Wang HY. Pulmonary metastasis of hepatocellular carcinoma associated with transarterial chemoembolization. J Hepatol. (1995) 23:563–8. doi: 10.1016/0168-8278(95)80063-8

 29. Talwalkar JA, Gores GJ. Diagnosis and staging of hepatocellular carcinoma. Gastroenterology. (2004) 127:S126–32. doi: 10.1053/j.gastro.2004.09.026

 30. Zhang HJ, Yao DF, Yao M, Huang H, Wu W, Yan MJ, et al. Expression characteristics and diagnostic value of annexin A2 in hepatocellular carcinoma. World J Gastroenterol. (2012) 18:5897–904. doi: 10.3748/wjg.v18.i41.5897

 31. Debruyne EN, Delanghe JR. Diagnosing and monitoring hepatocellular carcinoma with alpha-fetoprotein: new aspects and applications. Clin Chim Acta. (2008) 395:19–26. doi: 10.1016/j.cca.2008.05.010

 32. Xiang ZL, Zeng ZC, Fan J, Wu WZ, He J, Zeng HY, et al. A clinicopathological model to predict bone metastasis in hepatocellular carcinoma. J Cancer Res Clin Oncol. (2011) 137:1791–7. doi: 10.1007/s00432-011-1060-7

 33. Hu C, Yang J, Huang Z, Liu C, Lin Y, Tong Y, et al. Diagnostic and prognostic nomograms for bone metastasis in hepatocellular carcinoma. BMC Cancer. (2020) 20:494. doi: 10.1186/s12885-020-06995-y

 34. Lee JI, Kim JK, Kim DY, Ahn SH, Park JY, Kim SU, et al. Prognosis of hepatocellular carcinoma patients with extrahepatic metastasis and the controllability of intrahepatic lesions. Clin Exp Metastasis. (2014) 31:475–82. doi: 10.1007/s10585-014-9641-x

 35. Hirokawa F, Hayashi M, Miyamoto Y, Asakuma M, Shimizu T, Komeda K, et al. Surgical treatment of extrahepatic recurrence of hepatocellular carcinoma. Langenbecks Arch Surg. (2014) 399:1057–64. doi: 10.1007/s00423-014-1230-6

 36. Yoh T, Seo S, Taura K, Iguchi K, Ogiso S, Fukumitsu K, et al. Surgery for recurrent hepatocellular carcinoma: achieving long-term survival. Ann Surg. (2021) 273:792–9. doi: 10.1097/SLA.0000000000003358

 37. Ueshima K, Ogasawara S, Ikeda M, Yasui Y, Terashima T, Yamashita T, et al. Hepatic arterial infusion chemotherapy versus sorafenib in patients with advanced hepatocellular carcinoma. Liver Cancer. (2020) 9:583–95. doi: 10.1159/000508724

 38. Zaizen Y, Nakano M, Fukumori K, Yano Y, Takaki K, Niizeki T, et al. Hepatic arterial infusion chemotherapy with cisplatin versus sorafenib for intrahepatic advanced hepatocellular carcinoma: a propensity score-matched analysis. Cancers. (2021) 13:82. doi: 10.3390/cancers13215282

 39. Dang YF, Yang SH, Jiang XN, Gong FL, Yang XX, Cheng YN, et al. Combination treatment strategies with a focus on rosiglitazone and adriamycin for insulin resistant liver cancer. J Drug Target. (2021) 29:336–48. doi: 10.1080/1061186X.2020.1844216

 40. Ho TTB, Nasti A, Seki A, Komura T, Inui H, Kozaka T, et al. Combination of gemcitabine and anti-PD-1 antibody enhances the anticancer effect of M1 macrophages and the Th1 response in a murine model of pancreatic cancer liver metastasis. J Immunother Cancer. (2020) 8:67. doi: 10.1136/jitc-2020-001367

 41. Xie J, Ying YY, Xu B, Li Y, Zhang X, Li C. Metastasis pattern and prognosis of male breast cancer patients in the US: a population-based study from SEER database. Ther Adv Med Oncol. (2019) 11:1758835919889003. doi: 10.1177/1758835919889003



OPS/images/fmed-10-1171023-t004.jpg
Variables Subgroup Univariate Multivariate
HR 95 % CI P-value HR 95 % ClI
Age, year
’ <50 Reference 0917
>50 1.019 (0.709, 1.467)
Sex
Male Reference 0.197
Female 1.345 (0.857, 2.111)
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AJCCT stage
Tl Reference 0.153
‘ T2 1.668 (0.851, 3.270) 0.136
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AJCC N stage
NO Reference 0.012
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Delayed treatment, month
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Radiation
| No Reference 0.093 Reference 0.041
Yes 0.683 (0.438, 1.065) 0.691 (0.440, 1.087)
Chemotherapy
’ No Reference 0.883
‘ Yes 1.039 (0.628, 1.717)

HCC, hepatocellular carcinoma; LM, lung metastasis; Other *Asian/Pacific Islander, American Indian/Alaskan Native; HR, hazard Ratio; CI, Confidence interval; Other Psingle, separated,

divorced, widowed, and domestic partner; AJCC, American Joint Committee for Cancer.
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Age, year (%) 0481
<60 80 (46.0) 53 (43.8) 27 (50.9)
>60 94 (54.0) 68(56.2) 26 (49.1)

Sex (%) 1.000
Male 139 (79.9) 97 (80.2) 42(79.2)
Female 35(20.1) 24(19.8) 11(20.8)

Race (%) 0.105
White 111 (63.8) 78 (64.5) 33(62.3)
Black 23 (13.2) 12(9.9) 11(20.8)
Other® 40 (23.0) 31(25.6) 9(17.0)

Income (%) 0.042
<55,000 52(29.9) 30(24.8) 22(41.5)
>55,000 122 (70.1) 91(75.2) 31(58.5)

Marital status (%) 0070
Married 99 (56.9) 74(61.2) 25(47.2)
Unmarried 35 (20.1) 25(20.7) 10(18.9)
Other® 40 (23.0) 22(18.2) 18 (34.0)

Grade (%) 0364
/1 96 (55.2) 70 (57.9) 26 (49.1)
/v 78 (44.8) 51(42.1) 27 (50.9)

AJCCT stage (%) 0741
T1 47 (27.0) 34 (28.1) 13(24.5)
T2 20 (11.5) 12(9.9) 8(15.1)
T3 80 (46.0) 57 (47.1) 23 (43.4)
T4 27 (15.5) 18 (14.9) 9(17.0)

AJCC N stage (%) 0.344
NO 121 (69.5) 81(66.9) 40 (75.5)
N1 53 (30.5) 40 (33.1) 13(24.5)

Delayed treatment, month (%) 0374
<1 125 (71.8) 84(69.4) 41(77.4)
>1 49 (28.2) 37 (30.6) 12(22.6)

Surgery (%) 1.000
No 155 (89.1) 108 (89.3) 47 (88.7)
Yes 19 (10.9) 13(10.7) 6(11.3)

Radiation (%) 0.633
No 139 (79.9) 95(78.5) 44 (83.0)
Yes 35 (20.1) 26 (21.5) 9(17.0)

Chemotherapy (%) 0768
No 29(16.7) 19(15.7) 10(18.9)
Yes 145 (83.3) 102 (84.3) 43 (81.1)

HCC, hepatocellular carcinoma; LM, lung metastasis; Other?, Asian/Pacific Islander, American Indian/Alaskan Native; Other?, single, separated, divorced, widowed, and domestic partner;
AJCC, American Joint Committee for Cancer.
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Age, year
<50 Reference 0.673
50-70 (70) 1.239 (0.620, 2.475) 0544
>70 1.365 (0.662, 2.812) 0.399
Sex
Male Reference 0.403
Female 0.847 (0.574, 1.250)
Race
White Reference 0.908
Black 1.106 (0.698, 1.753) 0.667
Other 1.001 (0.673, 1.491) 0.995
Grade
1 Reference <0.001 Reference <0.001
1 1.297 (0.821, 2.047) 0.265 1.129 (0.708, 1.8) 061
Ui 3.838 (2.458, 5.992) <0.001 2.288 (1.428, 3.666) 0.001
v 3.641 (1.357, 9.768) 0.010 2.054 (0.747, 5.649) 0.163
Tumor size, cm
<3 Reference <0.001 Reference <0.001
3-5(5) 1.138 (0.508, 2.553) 0753 1.036 (0.46, 2.334) 0931
>5 6.370 (3.431, 11.824) 0.000 3779 (1.951, 7.323) <0.001
AJCCT stage
T1 Reference <0.001 Reference 0.003
kvl 0.821 (0.477, 1.414) 0477 1.022 (0.582, 1.795) 0939
T3 3.264 (2.232, 4.774) <0.001 1.473 (0.973, 2.229) 0.067
T4 6.910 (4.118, 11.596) <0.001 2.796 (1.602, 4.881) <0.001
AJCC N stage
NO Reference <0.001 Reference <0.001
N1 5.454 (3.761, 7.907) 2.876 (1.935, 4.275)
AFP
Negative Reference 0.002 Reference 0231
Positive 1.825 (1.244, 2.679) 1.281 (0.854, 1.92)

LM, lung metastasis; HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval; Other, Asian/pacific islander, American Indian/Alaskan Native; AJCC, American Joint Committee
for Cancer; AFP, alpha-fetoprotein.
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4,153 1,781
Age, year (%) 0.484
<50 424(7.1) 286 (6.9) 138 (7.7)
50-70 (70) 3,871(65.2) 2,713 (65.3) 1,158 (65.0)
>70 1,639 (27.6) 1,154 (27.8) 485 (27.2)
Sex (%) 0.493
Male 4,557 (76.8) 3,200 (77.1) 1,357 (76.2)
Female 1,377 (23.2) 953 (22.9) 424 (23.8)
Race (%) 0.378
White 3,949 (66.5) 2,763 (66.5) 1,186 (66.6)
Black 750 (12.6) 539 (13.0) 211 (11.8)
Other 1,235 (20.8) 851 (20.5) 384 (21.6)
Grade (%) 0.277
I 1,719 (29.0) 1,231 (29.6) 488 (27.4)
I 2,838 (47.8) 1,980 (47.7) 858 (48.2)
jul 1,283 (21.6) 878 (21.1) 405 (22.7)
v 94 (1.6) 64(1.5) 30(1.7)
‘Tumor Size, cm (%) 0.048
<3 1,484 (25.0) 1,003 (24.2) 481 (27.0)
3-5(5) 1457 (24.6) 1,043 (25.1) 414 (23.2)
>5 2,993 (50.4) 2,107 (50.7) 886 (49.7)
AJCCT stage (%) 03813
T1 2,745 (46.3) 1,917 (46.2) 828 (46.5)
T2 1,438 (24.2) 1,004 (24.2) 434 (24.4)
T3 1,505 (25.4) 1,053 (25.4) 452 (25.4)
T4 246 (4.1) 179 (43) 67 (3.8)
AJCC N stage (%) 0736
NO 5,516 (93.0) 3,864 (93.0) 1,652 (92.8)
N1 418 (7.0) 289 (7.0) 129 (7.2)
Lung metastasis (%) 0822
No 5,704 (96.1) 3,990 (96.1) 1,714 (96.2)
Yes 230 (3.9) 163 (3.9) 67 (3.8)
AFP (%) 0473
Negative 1,918 (32.3) 1,330 (32.0) 588 (33.0)
Positive 4,016 (67.7) 2,823 (68.0) 1,193 (67.0)

HCC, hepatocellular carcinoma; Other, Asian/Pacific Islander, American Indian/Alaskan Native; AJCC, American Joint Committee for Cancer; AFP, alpha-fetoprotein.
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