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Background

Second primary malignancy (SPM) is becoming a threat for the health of cancer survivors. However, data on the features and results of patients with hepatocellular carcinoma (HCC) with SPMs are scarce. This study aimed to explore the characteristics of HCC patients with SPMs and to screen HCC patients who are at a high risk of developing SPMs.



Method

HCC patients diagnosed between 2000 and 2014 in the Surveillance, Epidemiology, and End Results (SEER) database were retrospectively analyzed. Eligible patients were divided into the only one primary malignancy and SPM groups. The Fine-Gray proportional subdistribution hazards model was used to explore the risk factors of developing SPMs, and a competing-risk model was established to predict the probability of developing SPMs for HCC patients after initial diagnosis. The calibration curves, concordance index (C-index), and decision curve analysis (DCA) were used to evaluate the performance of the nomogram.



Results

A total of 40,314 HCC patients were identified, 1,593 (3.95%) of whom developed SPMs 2 months after the initial diagnosis with a maximum follow-up time of approximately 18 years. The 3-, 5-, and 10-year cumulative incidence of SPMs were 2.35%, 3.12%, and 4.51%, respectively. Age at initial diagnosis, extent of disease, tumor size, and treatment were identified as the independent risk factors of developing SPMs and integrated into the competing-risk nomogram. The C-index of the nomogram was 0.677 (95% confidence interval 0.676–0.678), and the calibration curves showed an excellent agreement between the nomogram prediction and the actual observations. Furthermore, DCA indicated that the nomogram had good net benefits in clinical scenarios.



Conclusions

HCC survivors remain at a high risk of developing SPMs. The development of SPMs was associated with the clinical features and treatment strategies. A competing-risk nomogram was constructed to help surgeons identify the patients who are at a high risk of developing SPMs and contribute to the further management of SPMs.
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Introduction

Liver cancer (LC) is the sixth most commonly diagnosed malignancy and the third leading cause of cancer-related death worldwide (1). In 2020, it was reported that the number of new cases and deaths of LC in the world were 905,677 and 830,180, respectively (1). Hepatocellular carcinoma (HCC) is the most common type of LC, which accounts for 75%–85% of cases. With the advancements in early diagnosis, cancer treatment, and cancer surveillance, the prognosis of HCC has greatly improved (2). For HCC patients diagnosed at an early stage, some of them could even have a 5-year overall survival (OS) of nearly 70% after operation (3). However, among HCC patients with a long-term survival, the second primary malignancy (SPM) is becoming a threat for their lives, and the studies on this problem are urgent. Recently, a growing number of studies have been performed to explore the risk factors of developing SPMs in various cancers, such as colorectal cancer (4), lung cancer (5), gastric cancer (6), and breast cancer (7).

The occurrence of SPMs in HCC was first reported by Riesz et al. (8) in 1979. Afterwards, several studies were published to describe this problem (9–11); however, these studies were limited by the small number of patients and different study design. Recently, using the public database, two population-based studies were published to describe the development of SPMs in HCC (12, 13); however, the conclusions we could get from the two studies were limited. The study by Shan (13) only focused on the simple description of SPMs in HCC, while in the study by Wu (12), only four variables including age, sex, treatment, and comorbidities were included in the exploration of the risk factors of developing SPMs. Less is known about the influence of clinical features including race, laboratory data, and tumor characteristics (such as size, vascular invasion, and stage) on the development of SPMs in HCC.

In this study, using the data obtained from the Surveillance, Epidemiology, and End Results (SEER) research database, we aimed to comprehensively analyze the clinicopathological characteristics of HCC patients with SPMs and to explore the risk factors associated with the development of SPMs. Afterwards, a competing-risk nomogram was established to predict the probability of developing SPMs for HCC patients, and the Harrell’s concordance index (C-index), calibration curves, and decision curve analysis (DCA) were used to evaluate the performance of the nomogram.



Materials and Methods


Data Sources and Patient Selection

The SEER Research Data, 18 Registries (excl AK), Nov 2019 Sub (2000–2017) for Standardized Mortality Ratios (SMRs, https://seer.cancer.gov/) was used as the data source, and the “MP-SIR” session in the SEER*Stata software (Version 8.3.8) was used to extract related data. The SEER 18 Registry research data (excl AK) for SMRs consisted of patients from the San Francisco-Oakland, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Rural Georgia, California, Kentucky, Louisiana, New Jersey, and Greater Georgia tumor registries, which covered approximately 27.8% of the US population. We screened patients diagnosed with HCC using the third edition of the International Classification of Diseases for Oncology (ICD-O-3) site codes C22.0 and the Hist/behave codes 8170/3, 8171/3, 8172/3, 8173/3, 8174/3, or 8175/3. The patients with death certificate of autopsy records were excluded, furthermore, a 2-month latency exclusion period was set to distinguish SPMs from simultaneous HCC. Patients who were initially diagnosed with HCC aged between 20 and 80 years old were included in this study. To ensure a follow up period for at least 3 years, patients initially diagnosed with HCC after 2014 were excluded. The work flow of patient selection is shown in Figure S1. Subsequently, patients were divided into two groups: SPM group and only one primary malignancy (OOPM) group.



Definition of SPM

In the SEER database, the cancer site of origin, date of diagnosis, histology, tumor behavior, and laterality of paired organs were used to discriminate multiple primary cancers. Generally, we could define SPM as a neoplasm that arose independently in a new site or tissue and subsequent to the initial cancer, with the intervening period being at least 2 months (14). Furthermore, in the selection of patients, two key variables in the SEER database, “total number of in situ/malignant tumors for patient” and “sequence number” could indicate the occurrence of SPMs. The former could be used to screen patients with SPMs, and for HCC patients with SPMs, the sequence number for the first cancer was “01”, “02” for the second, and so on.



Outcome and Covariables

The occurrence of SPMs after the initial diagnosis of HCC was studied. OS referred to the time from the initial diagnosis of HCC to any cause of death. SPM OS referred to the time from the diagnosis of SPMs to death of any cause. Patient-, tumor-, and treatment-related covariates included in the analysis of this study contained age at initial diagnosis (<50, 50–65, and 65–79), sex, race (white, black, and other), tumor grade (I/II, III/IV, and unknown), tumor extension (localized, regional, distant, and unknown), treatment (none, local treatment, hepatectomy, transplantation, and unknown), tumor size (0–2 cm, 2–5 cm, >5 cm, and unknown), vascular invasion (none, yes, and unknown), AFP level (negative, positive, and unknown), status (dead/alive), and cause of death (first primary tumor, multi malignancies, noncancer cause, and unknown).



Statistical Analysis

Categorical variables were displayed as numbers (n) and percentages (%) and continuous variables as median and interquartile ranges (Q1–Q3). To compare the difference between different groups, the chi-square test or Fisher’s test was used for categorical variables and the Mann–Whitney U-test for continuous variables. Since the occurrence of death was a competitive event for the development of SPMs, the use of the Cox regression analysis could lead to an overestimation of the cumulative incidence of SPMs (15). Consequently, using the “cmprsk” R package, the Fine and Gray proportional subdistribution hazards model was used to estimate the cumulative incidence function (CIF) of the covariables on death and SPMs (16–18). Univariate analysis was conducted using the CIF to display the probability of each event and Gray’s test to evaluate the difference in the CIF between groups (19). Multivariate analysis with the Fine-Gray model was performed to identify the risk factors associated with the development of SPMs. The hazard ratio (HR) and the associated 95% confidence interval (CI) were recorded.

Based on the results of the Fine-Gray model, a competing-risk nomogram was established using the “rms” R package to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC patients after initial diagnosis. The performance of the nomogram was evaluated using the Harrell’s concordance index (C-index), and the calibration curves were performed to assess the predictive accuracy of the nomogram using 200 bootstrap samples (20). Furthermore, using the “stdca” R package, DCA was conducted to evaluate the clinical benefit of the nomogram (21).

R software (version 4.0.3) was used in the statistical analysis of this study. All tests were two sided, and a p < 0.05 was considered statistically significant.




Results


Population Characteristics

A total of 40,314 HCC patients diagnosed between 2000 and 2014 were identified from the SEER database. The median follow-up time was 19 months from the initial diagnosis of HCC (interquartile range, 7–47 months). A total of 1,593 patients (3.95%) developed SPMs 2 months after the initial diagnosis of HCC, with a median and maximum follow-up time of 4.58 years and 17.83 years, respectively. The top five most common sites of developing SPMs were the lung and bronchus, prostate, non-hodgkin lymphoma, colon, and breast (Figure S2). The demographic and clinicopathological characteristics of the HCC patients with and without SPMs are shown in Table 1. We could find that more than half of the patients in the SPM group were aged between 50 and 65 years old, about 70% were male and more than three quarters were white in race. Interestingly, poorer tumor-related characteristics such as larger tumor size, vascular invasion, positive AFP level, poorer tumor grade, and distant extension were associated with a decreased risk of developing SPMs, furthermore, patients who received treatments such as local tumor destruction, hepatectomy, and transplantation were related to a higher risk of developing SPMs. Potentially because patients with poorer tumor-related characteristics without treatment had a chance of death before the development of SPMs. A total of 31,869 patients (79.05%) were dead during follow-up time. The causes of death are shown in Table 1 and Figure 1A, and we could find that 82.84% and 46.37% of the patients died of cancer in the OOPM and SPM groups, respectively.


Table 1 | Clinicopathological characteristics of patients with HCC with and without SPMs.






Figure 1 | Distribution of the causes of death and estimates of overall survival for HCC patients. (A) Distribution of the causes of death for all HCC patients and for patients in the OOPM and SPM groups. (B) Estimates of overall survival for HCC patients in the OOPM group, for patients in the SPM group from their initial diagnosis and from their second diagnosis. HCC, hepatocellular carcinoma; OOPM, only one primary malignancy; SPM, second primary malignancy.





Survival and Cumulative Incidence of SPM

The median OS for the OOPM and SPM groups was 18 and 55 months, respectively. The 3-, 5-, and 10-year OS were 32.9%, 23.7%, and 15.7% for the OOPM group, respectively, and for the SPM group, 68.4%, 53.7%, and 31.7%, respectively. As shown in Figure 1B, the HCC patients with SPMs had a better OS than those in the OOPM group from the initial diagnosis of HCC; however, these patients had a comparable prognosis with those in the OOPM group after the second diagnosis. The cumulative incidence of SPMs is shown in Figure 2A. Regarding death as a competitive event, the 3-, 5-, and 10-year cumulative incidence of developing SPMs were 2.35%, 3.12%, and 4.51%, respectively. Furthermore, the cumulative incidence of developing SPMs in different subgroups classified by various study-, tumor-, and treatment-factors are shown in Figures 2B–J and Table S1.




Figure 2 | Cumulative incidence curves of SPMs in different subgroups. (A) ALL; (B) Age; (C) Sex; (D) Race; (E) AFP; (F) Stage; (G) Tumor size; (H) Vascular invasion; (I) Grade and (J) Treatment. SPM, second primary malignancy; ALL, all patients; AFP, alpha fetoprotein.





Risk Factors Associated With the Development of SPMs

To avoid the influence of the competitive event of death, the Fine and Gray proportional subdistribution hazards model was used to explore the risk factors of developing SPMs after the initial diagnosis of HCC. As shown in Table 2, age at initial diagnosis, extent of disease, treatment, and tumor size were the independent risk factors of developing SPMs. Patients with an older age at the initial diagnosis had a higher risk of developing an SPM, with a subdistribution HR (sdHR) 2.028 for those diagnosed at 65 to 79 years old, compared to those diagnosed younger than 50 years old. Distant and regional extent of disease were associated with a gradual reduction of the risk of developing SPMs than localized disease (sdHR distant 0.468; regional 0.721). Compared to the 0–2 cm group, patients with a larger tumor size had a gradually decreased risk of developing SPMs, with a sdHR of 0.900 and 0.627 for the 2–5 cm and >5 cm subgroups, respectively. In addition, patients who received any treatment were more likely to develop SPMs, with a sdHR of 1.684 (95% CI 1.455–1.948), 2.056 (95% CI 1.747–2.421), and 3.380 (95% CI 2.900–3.939) for those who received local tumor destruction, hepatectomy, and transplantation, respectively.


Table 2 | Risk factors associated with the development of SPMs for HCC patients after initial diagnosis.





Development and Validation of a Competing-Risk Nomogram

Based on the results of the Fine and Gray proportional subdistribution hazards model analysis, a competing-risk nomogram was established to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC patients after the initial diagnosis (Figure 3A). The C-index of the nomogram was 0.677 (95% CI 0.676–0.678), which showed that it had a moderate performance. The calibration curves also suggested that the nomogram performed well, in which the calibration curves were in good concordance with the 45° diagonal line (Figures 3C–E). In addition, DCA was used to evaluate the clinical usefulness and net benefit of the competing-risk nomogram, and the results suggested that compared to those in the two alternative scenarios: no-screening and all-screening scenarios, the clinical net benefit of the competing-risk nomogram was higher than that in the other two scenarios in a wide range of threshold probabilities (ranged from 1% to 17%, Figure 3B).




Figure 3 | Establishment and validation of a competing-risk nomogram to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC patients after initial diagnosis. (A) The competing-risk nomogram for predicting the 3-, 5-, and 10-year probability of developing SPMs for HCC patients after initial diagnosis. (B) DCA for assessing the clinical net benefit of the nomogram. Calibration curves of the competing-risk nomogram for predicting the 3- (C), 5- (D), and 10-year (E) probability of developing SPMs for HCC patients after initial diagnosis. HCC, hepatocellular carcinoma; SPM, second primary malignancy; DCA, decision curve analysis.



Based on the risk scores gained from the competing-risk nomogram for each HCC patients, the included patients in the SEER dataset could be divided into three risk groups: low-, moderate-, and high-risk groups. As shown in Figure 4, compared to those in the low-risk group, patients in the moderate- and high-risk groups exhibited a significantly higher cumulative incidence of SPMs after the initial diagnosis of HCC.




Figure 4 | Risk stratification ability of the competing-risk nomogram. (A) Cumulative incidence curves of SPMs among low-, moderate-, and high-risk survivors. (B) Cumulative 3-, 5-, and 10-year incidence of developing SPMs among low-, moderate-, and high-risk survivors. HCC, hepatocellular carcinoma; SPM, second primary malignancy.






Discussion

The number of cancer survivors is growing; in the U.S., it was reported that the number of cancer survivors was estimated to reach 26.1 million by 2040, which approximately accounted for 6.9% of the total population (22). Due to the special disease history, many factors are threats for the health of the survivors, such as the recurrence of cancer (23) and treatment-related toxicities (24); meanwhile, SPMs, with a growing incidence, is becoming a threat on the health of cancer survivors (25, 26). It was reported that the incidence of SPMs ranged from 1% to 16% according to various cancer types (27). However, cancer survivors were frequently excluded from cancer clinical trials, and little is known about their characteristics, risk factors, and survival (28–30). Consequently, exploring the characteristics of SPMs, identifying the risk factors associated with the development of SPMs and screening patients at high risk of developing SPMs are of both a clinical and public health importance. In this study, we identified 1,593 patients (total population: 40,314) who developed SPMs after the initial diagnosis of HCC. In the further analysis, we found that compared to those in the OOPM group, patients with SPMs had better tumor-related characteristics and had a higher proportion of receiving tumor-related treatment. Furthermore, using the Fine-Gray proportional subdistribution hazards model, risk factors associated with the development of SPMs were explored and a competing-risk nomogram was established to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC patients after the initial diagnosis. The C-index, calibration curves, and DCA all showed that the nomogram had a good performance. To our knowledge, this study provided the largest population-based cohort study of SPM incidence in HCC patients.

The incidence of SPMs in HCC patients was 3.95% in this study. In contrast, the incidence of SPMs in a previous US population-based study which included patients from 1992 to 2011 in the SEER database was reported to be 2.83% (13). Meanwhile, the incidence of SPMs was various in previous studies of different countries, which was around 3.5%–7.5% in the USA (10, 31), 2.4% in Spain (32), 1.63%–8.0% in China (12, 33), and 0.7%–1.9% in Japan (34, 35). This might be influenced by the difference in the demographic characteristics, etiologies, tumor characteristics, and treatment strategies, which were also analyzed in our study. In the analysis of the risk factors of developing SPMs among different subgroups, we could find that the development of SPMs was greatly influenced by the factors including vascular invasion, stage, treatment, tumor size, sex, and age at initial diagnosis. It is clear that the long-term results of HCC survivors could be different depending on these factors.

The top five most common sites of developing SPMs were the lung and bronchus, prostate, non-Hodgkin lymphoma, colon, and breast. Consequently, for HCC survivors at a high risk of developing SPMs, regular and long-term surveillance for lung and bronchus, prostate (male patients), and breast (female patients) was necessary, and there might be a need for a discussion by the multidisciplinary team. Furthermore, in the survival analysis, we found that the patients in the SPM group had a better survival than those in the OOPM group. However, for HCC patients with SPMs after the second diagnosis, they had a comparable survival with those in the OOPM group. We also found that 82.84% patients died of cancer in the OOPM group while only 46.37% patients in the SPM group died of cancer. We thought that the main reason was that patients in the OOPM group were associated with poorer tumor-related characteristics and had a low proportion of receiving tumor-related treatment, consequently, these patients were more likely to have a poorer prognosis and die of cancer.

Since a large proportion of patients died before the development of SPMs, it is necessary to conduct a proper statistical method to handle this competitive event. Using the Fine and Gray proportional subdistribution hazards model, we explored the risk factors of developing SPMs from the demographic and clinical variables. The multivariate analysis suggested that patients with SPMs tend to have an older age at the initial diagnosis, a local or regional disease, and a smaller tumor size. These variables have been found to be associated with an increased risk of developing SPMs in other cancers (36–38). Furthermore, patients who received any tumor-related treatment had a higher risk of developing SPMs, especially for those receiving transplantation. Several reasons could explain our results: first, the immune system has been reported to be related to cancer development, and it was reported that older age was associated with immunity decreasing (“immunosenescence”), which might contribute to an increased cancer incidence (39). Second, since HCC was a malignancy with a poor prognosis, HCC survivors with better prognostic factors were believed to have a better survival, and thus more likely to have an adequate time to develop SPMs (4, 22). Third, for patients who received treatment for HCC, they might have a higher susceptibility to tumorigenesis, especially for those who received liver transplantation, the administration of immunosuppressive therapy might contribute to the development of SPMs (40–42).

Considering the elevated risk of developing SPMs after the initial diagnosis of HCC, a competing-risk nomogram was established for the purpose of improving guideline surveillance and further management of HCC survivors. To our knowledge, this is the first model for the prediction of developing SPMs for HCC after the initial diagnosis, and our nomogram could be useful to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC survivors. Furthermore, the performance of our nomogram was also demonstrated well using the C-index and calibration curves, and DCA further suggested that the nomogram had a superior net benefit in clinical scenarios. Consequently, our nomogram is potentially useful for doctors to screen HCC survivors who are at a high risk of developing SPMs and could contribute to the further management of SPMs.

There are several limitations in our study. First, due to the nature of the SEER database, several important cancer-related risk factors, such as lifestyle, alcohol and tobacco consumption, and family history were unavailable; meanwhile, for HCC, several well-known prognostic factors, including cirrhosis, portal hypertension, postoperative complication, and microenvironment-related immune and inflammatory markers (43, 44) were also unavailable. These might lead to a bias of the results. However, our study still found several risk factors of developing SPMs for HCC and our predictive model showed the ability to discriminate patients who are at a high risk of developing SPMs. Second, the cumulative incidence of SPMs could be overestimated when extrahepatic metastasis was regarded as SPMs or the initial simultaneous cancers could not be distinguished using a 2-month latency exclusion. Certainly, the diagnosis time of an SPM might not be the accurate time when it occurred, and these could be solved with the advancement of detection technology and regular surveillance. Third, although our nomogram had a good performance, further validation with external populations is still needed.



Conclusions

In conclusion, we demonstrated that age at diagnosis, tumor stage, tumor size, and treatment were associated with an increased risk of developing SPMs for HCC patients after the initial diagnosis. Afterwards, a reliable competing-risk nomogram was established to predict the 3-, 5-, and 10-year probability of developing SPMs for HCC survivors. Our findings could be useful to clinicians for the surveillance and management of HCC patients. Further exploration involving more patients and more risk factors should be performed, and better surveillance should be conducted for HCC patients who are at a high risk of developing SPMs.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author Contributions

GY, WS, and JL contributed to the conception and design of the study. JK, WS, JC, and GL collected the details of the patients and extracted the data. JK, YL, and JC analyzed the data. JK, GY, and GL drafted the manuscript. JL, WS, JC, and YL contributed with a critical revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (No. 81373172, 81770646).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.713637/full#supplementary-material

Supplementary Figure 1 | Work flow of patient selection from the Surveillance, Epidemiology, and End Results (SEER) research database.

Supplementary Figure 2 | Top 10 most common sites of developing a secondary primary malignancy in patients with hepatocellular carcinoma.



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. Llovet, JM, Kelley, RK, Villanueva, A, Singal, AG, Pikarsky, E, Roayaie, S, et al. Hepatocellular Carcinoma. Nat Rev Dis Primers (2021) 7:6. doi: 10.1038/s41572-020-00240-3

3. Marrero, JA, Kulik, LM, Sirlin, CB, Zhu, AX, Finn, RS, Abecassis, MM, et al. Diagnosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology (2018) 68:723–50. doi: 10.1002/hep.29913

4. Jia, H, Li, Q, Yuan, J, Sun, X, and Wu, Z. Second Primary Malignancies in Patients With Colorectal Cancer: A Population-Based Analysis. Oncologist (2020) 25:e644–50. doi: 10.1634/theoncologist.2019-0266

5. Zhou, H, Shen, J, Zhang, Y, Huang, Y, Fang, W, Yang, Y, et al. Risk of Second Primary Malignancy After Non-Small Cell Lung Cancer: A Competing Risk Nomogram Based on the SEER Database. Ann Transl Med (2019) 7:439. doi: 10.21037/atm.2019.09.01

6. Kim, C, Chon, H, Kang, B, Kim, K, Jeung, HC, Chung, H, et al. Prediction of Metachronous Multiple Primary Cancers Following the Curative Resection of Gastric Cancer. BMC Cancer (2013) 13:394. doi: 10.1186/1471-2407-13-394

7. Li, D, Weng, S, Zhong, C, Tang, X, Zhu, N, Cheng, Y, et al. Risk of Second Primary Cancers Among Long-Term Survivors of Breast Cancer. Front Oncol (2019) 9:1426. doi: 10.3389/fonc.2019.01426

8. Riesz, T, Jákó, JM, and Juhász, J. Secondary Malignant Tumors Accompanied by Primary Hepatocellular Carcinoma. Acta Hepatogastroenterol (Stuttg) (1979) 26:364–7.

9. de Pangher Manzini, V, Calucci, F, Terpin, MM, Loru, F, Brollo, A, Ramani, L, et al. Multiple Primary Malignant Tumors in Patients With Hepatocellular Carcinoma. A Review of 29 Patients. Tumori (1996) 82:245–8.

10. Wong, LL, Lurie, F, and Takanishi, DM Jr. Other Primary Neoplasms in Patients With Hepatocellular Cancer: Prognostic Implications? Hawaii Med J (2007) 66:204, 206–208.

11. Bruno, G, Andreozzi, P, Graf, U, and Santangelo, G. Hepatitis C Virus: A High Risk Factor for a Second Primary Malignancy Besides Hepatocellular Carcinoma. Fact or Fiction? Clin Ter (1999) 150:413–8.

12. Wu, WC, Chen, YT, Hwang, CY, Su, CW, Li, SY, Chen, TJ, et al. Second Primary Cancers in Patients With Hepatocellular Carcinoma: A Nationwide Cohort Study in Taiwan. Liver Int (2013) 33:616–23. doi: 10.1111/liv.12103

13. Shah, BK, Kandel, P, and Khanal, A. Second Primary Malignancies in Hepatocellular Cancer - A US Population-Based Study. Anticancer Res (2016) 36:3511–4.

14. Supramaniam, R. New Malignancies Among Cancer Survivors: SEER Cancer Registries, 1973–2000. J Epidemiol Community Health (2008) 62:375–6. doi: 10.1136/jech.2007.063560

15. Austin, PC, and Fine, JP. Accounting for Competing Risks in Randomized Controlled Trials: A Review and Recommendations for Improvement. Stat Med (2017) 36:1203–9. doi: 10.1002/sim.7215

16. Austin, PC, Lee, DS, and Fine, JP. Introduction to the Analysis of Survival Data in the Presence of Competing Risks. Circulation (2016) 133:601–9. doi: 10.1161/circulationaha.115.017719

17. Fine, JP, and Gray, RJ. A Proportional Hazards Model for the Subdistribution of a Competing Risk. Publ Am Stat Assoc (1999) 94:496–509. doi: 10.1080/01621459.1999.10474144

18. Cucchetti, A, Sposito, C, Pinna, AD, Citterio, D, Cescon, M, Bongini, M, et al. Competing Risk Analysis on Outcome After Hepatic Resection of Hepatocellular Carcinoma in Cirrhotic Patients. World J Gastroenterol (2017) 23:1469–76. doi: 10.3748/wjg.v23.i8.1469

19. Putter, H, Fiocco, M, and Geskus, RB. Tutorial in Biostatistics: Competing Risks and Multi-State Models. Stat Med (2007) 26:2389–430. doi: 10.1002/sim.2712

20. Zivanovic, O, Jacks, LM, Iasonos, A, Leitao, MM Jr, Soslow, RA, Veras, E, et al. A Nomogram to Predict Postresection 5-Year Overall Survival for Patients With Uterine Leiomyosarcoma. Cancer (2012) 118:660–9. doi: 10.1002/cncr.26333

21. Van Calster, B, Wynants, L, Verbeek, JFM, Verbakel, JY, Christodoulou, E, Vickers, AJ, et al. Reporting and Interpreting Decision Curve Analysis: A Guide for Investigators. Eur Urol (2018) 74:796–804. doi: 10.1016/j.eururo.2018.08.038

22. Bluethmann, SM, Mariotto, AB, and Rowland, JH. Anticipating the “Silver Tsunami”: Prevalence Trajectories and Comorbidity Burden Among Older Cancer Survivors in the United States. Cancer Epidemiol Biomarkers Prev (2016) 25:1029–36. doi: 10.1158/1055-9965.EPI-16-0133

23. Mahvi, DA, Liu, R, Grinstaff, MW, Colson, YL, and Raut, CP. Local Cancer Recurrence: The Realities, Challenges, and Opportunities for New Therapies. CA Cancer J Clin (2018) 68:488–505. doi: 10.3322/caac.21498

24. Haanen, J, Ernstoff, M, Wang, Y, Menzies, A, Puzanov, I, Grivas, P, et al. Rechallenge Patients With Immune Checkpoint Inhibitors Following Severe Immune-Related Adverse Events: Review of the Literature and Suggested Prophylactic Strategy. J Immunother Cancer (2020) 8. doi: 10.1136/jitc-2020-000604

25. Joung, JY, Lim, J, Oh, CM, Jung, KW, Cho, H, Kim, SH, et al. Risk of Second Primary Cancer Among Prostate Cancer Patients in Korea: A Population-Based Cohort Study. PloS One (2015) 10:e0140693. doi: 10.1371/journal.pone.0140693

26. Yang, Y, Yang, Y, and Yan, S. Risk and Survival of Second Primary Malignancies Following Diagnosis of Gastric Mucosa-Associated Lymphoid Tissue Lymphomas: A Population-Based Study. Curr Probl Cancer (2021), 100735. doi: 10.1016/j.currproblcancer.2021.100735

27. Hayat, MJ, Howlader, N, Reichman, ME, and Edwards, BK. Cancer Statistics, Trends, and Multiple Primary Cancer Analyses From the Surveillance, Epidemiology, and End Results (SEER) Program. Oncologist (2007) 12:20–37. doi: 10.1634/theoncologist.12-1-20

28. Murphy, CC, Gerber, DE, and Pruitt, SL. Prevalence of Prior Cancer Among Persons Newly Diagnosed With Cancer: An Initial Report From the Surveillance, Epidemiology, and End Results Program. JAMA Oncol (2018) 4:832–6. doi: 10.1001/jamaoncol.2017.3605

29. Laccetti, AL, Pruitt, SL, Xuan, L, Halm, EA, and Gerber, DE. Effect of Prior Cancer on Outcomes in Advanced Lung Cancer: Implications for Clinical Trial Eligibility and Accrual. J Natl Cancer Inst (2015) 107. doi: 10.1093/jnci/djv002

30. Pruitt, SL, Laccetti, AL, Xuan, L, Halm, EA, and Gerber, DE. Revisiting a Longstanding Clinical Trial Exclusion Criterion: Impact of Prior Cancer in Early-Stage Lung Cancer. Br J Cancer (2017) 116:717–25. doi: 10.1038/bjc.2017.27

31. Nzeako, UC, Goodman, ZD, and Ishak, KG. Association of Hepatocellular Carcinoma in North American Patients With Extrahepatic Primary Malignancies. Cancer (1994) 74:2765–71. doi: 10.1002/1097-0142(19941115)74:10<2765::aid-cncr2820741005>3.0.co;2-q

32. Fernandez-Ruiz, M, Guerra-Vales, JM, Castelbon-Fernandez, FJ, Llenas-Garcia, J, Caurcel-Diaz, L, and Colina-Ruizdelgado, F. Multiple Primary Malignancies in Spanish Patients With Hepatocellular Carcinoma: Analysis of a Hospital-Based Tumor Registry. J Gastroenterol Hepatol (2009) 24:1424–30. doi: 10.1111/j.1440-1746.2009.05793.x

33. Yeh, ML, Huang, CI, Huang, CF, Hsieh, MY, Lin, ZY, Huang, JF, et al. The Impact of an Additional Extra-Hepatic Primary Malignancy on the Outcomes of Patients With Hepatocellular Carcinoma. PloS One (2017) 12:e0184878. doi: 10.1371/journal.pone.0184878

34. Shimada, M, Takenaka, K, Fujiwara, Y, Gion, T, Shirabe, K, Nishizaki, T, et al. Characteristics of Hepatocellular Carcinoma Associated With Extrahepatic Primary Malignancies in Southern Japan. Am J Gastroenterol (1996) 91:754–8.

35. Onitsuka, A, Hirose, H, Ozeki, Y, Hino, A, Senga, S, and Iida, T. Clinical Study on Hepatocellular Carcinoma With Extrahepatic Malignancies. Int Surg (1995) 80:128–30.

36. Park, SM, Lim, MK, Jung, KW, Shin, SA, Yoo, KY, Yun, YH, et al. Prediagnosis Smoking, Obesity, Insulin Resistance, and Second Primary Cancer Risk in Male Cancer Survivors: National Health Insurance Corporation Study. J Clin Oncol (2007) 25:4835–43. doi: 10.1200/jco.2006.10.3416

37. Smith, MJ, Smith, HG, Mahar, AL, Law, C, and Ko, YJ. The Impact of Additional Malignancies in Patients Diagnosed With Gastrointestinal Stromal Tumors. Int J Cancer (2016) 139:1744–51. doi: 10.1002/ijc.30231

38. Phipps, AI, Chan, AT, and Ogino, S. Anatomic Subsite of Primary Colorectal Cancer and Subsequent Risk and Distribution of Second Cancers. Cancer (2013) 119:3140–7. doi: 10.1002/cncr.28076

39. Pawelec, G. Immunosenescence and Cancer. Biogerontology (2017) 18:717–21. doi: 10.1007/s10522-017-9682-z

40. Heo, J, Noh, OK, Oh, YT, Chun, M, and Kim, L. Second Primary Cancer After Liver Transplantation in Hepatocellular Carcinoma: A Nationwide Population-Based Study. Hepatol Int (2017) 11:523–8. doi: 10.1007/s12072-017-9824-z

41. Wimmer, CD, Angele, MK, Schwarz, B, Pratschke, S, Rentsch, M, Khandoga, A, et al. Impact of Cyclosporine Versus Tacrolimus on the Incidence of De Novo Malignancy Following Liver Transplantation: A Single Center Experience With 609 Patients. Transpl Int (2013) 26:999–1006. doi: 10.1111/tri.12165

42. Shalaby, S, Taborelli, M, Zanetto, A, Ferrarese, A, D’Arcangelo, F, Gambato, M, et al. Hepatocellular Carcinoma and the Risk of De Novo Malignancies After Liver Transplantation - A Multicenter Cohort Study. Transpl Int (2021) 34:743–53. doi: 10.1111/tri.13831

43. Nisticò, P, and Ciliberto, G. Biological Mechanisms Linked to Inflammation in Cancer: Discovery of Tumor Microenvironment-Related Biomarkers and Their Clinical Application in Solid Tumors. Int J Biol Markers (2020) 35:8–11. doi: 10.1177/1724600820906155

44. Milione, M, Miceli, R, Barretta, F, Pellegrinelli, A, Spaggiari, P, Tagliabue, G, et al. Microenvironment and Tumor Inflammatory Features Improve Prognostic Prediction in Gastro-Entero-Pancreatic Neuroendocrine Neoplasms. J Pathol Clin Res (2019) 5:217–26. doi: 10.1002/cjp2.135




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.

Copyright © 2021 Kong, Yu, Si, Li, Chai, Liu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Second Primary Malignancies in Patients With Hepatocellular Carcinoma: A Population-Based Analysis

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Data Sources and Patient Selection

          



          		

            Definition of SPM

          



          		

            Outcome and Covariables

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Population Characteristics

          



          		

            Survival and Cumulative Incidence of SPM

          



          		

            Risk Factors Associated With the Development of SPMs

          



          		

            Development and Validation of a Competing-Risk Nomogram

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables Multivariate analysis

Age at initial diagnosis, years HR 95%Cl P
<50 Reference
50-65 1.619 1.334-1.966 <0.001
>65 2.028 1.661-2.478 <0.001
Tumor grade
-l Reference
l-Iv 0.829 0.677-1.016 0.07
Unknown 0.975 0.866-1.098 0.68
Extension
Localized Reference
Regional 0.721 0.594-0.875 <0.001
Distant 0.458 0.334-0.628 <0.001
Unknown 0.766 0.554-1.060 0.11
Treatment
None Reference
Local treatment 1.684 1.4556-1.948 <0.001
Hepatectomy 2.056 1.747-2.421 <0.001
Transplantation 3.380 2.900-3.939 <0.001
Unknown 0.863 0.384-1.939 0.72
Tumor size, cm
0-2 Reference 0.1
2-5 0.900 0.790-1.026 <0.001
>5 0.627 0.530-0.743 <0.001
Unknown 0.629 0.503-0.786
Vascular invasion
None Reference
Yes 0.845 0.714-1.001 0.051
Unknown 0.941 0.768-1.021 0.56
AFP
Negative Reference
Positive 0.895 0.785-1.021 0.098
Unknown 0.957 0.834-1.097 0.53

HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; SPM, secondary primary
malignancy.





OEBPS/Images/fonc-11-713637-g002.jpg
M”






OEBPS/Images/fonc-11-713637-g004.jpg
&
£
H
3
S

Syearrisk Syearrisk 10-yearisk

mLowrisk ®Moderaerisk mHigh isk





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2021.713637_cover.jpg
, frontiers
in Oncology

Second Primary Malignancies
in Patients With Hepatocellular
Carcinoma: A Population-Based
Analysis





OEBPS/Images/fonc-11-713637-g003.jpg





OEBPS/Images/table1.jpg
Variables Overall, n (%) OOPM cohort, n (%) SPM cohort, n (%) P value
Total 40,314 38,721 (96.05) 1,593 (3.95)
Age at initial diagnosis, years
<560 4,286 (10.63) 4,173 (10.78) 113 (7.09) <0.001
50-65 22,392 (55.54) 21,493 (55.51) 899 (56.43)
>65 13,636 (33.82) 13,055 (33.72) 581 (36.47)
Sex 0.303
Male 31,449 (78.01) 30,223 (78.05) 1,226 (76.96)
Female 8,865 (21.99) 8,498 (21.95) 367 (23.04)
Race 0.086
White 26,958 (66.87) 25,852 (66.76) 1,106 (69.43)
Black 5,259 (13.05) 5,068 (13.09) 191 (11.99)
Other 8,097 (20.08) 7,081 (21.05) 296 (18.58)
Tumor grade <0.001
-l 12,229 (30.33) 11,578 (29.90) 651 (40.87)
-V 3,067 (7.61) 2,958 (7.64) 109 (6.84)
Unknown 25,018 (62.06) 24,185 (62.46) 833 (52.29)
Extension <0.001
Localized 22,506 (55.83) 21,326 (55.08) 1,180 (74.07)
Regional 10,635 (26.38) 10,347 (26.72) 288 (18.08)
Distant 3,891 (9.65) 3,841 (9.92) 50 (3.14)
Unknown 3,282 (8.14) 3,207 (8.28) 75 (4.71)
Treatment <0.001
None 26,667 (66.15) 26,004 (67.16) 663 (41.62)
Local treatment 5,349 (13.27) 5,064 (13.08) 285 (17.89)
Hepatectomy 4,620 (11.46) 4,356 (11.25) 264 (16.57)
Transplantation 3,374 (8.37) 2,999 (7.75) 375 (23.54)
Unknown 304 (0.75) 298 (0.77) 6(0.38)
Tumor size, cm <0.001
0-2 5,204 (13.13) 4,952 (12.79) 342 (21.47)
25 15,813 (39.22) 15,034 (38.83) 779 (48.90)
>5 12,334 (30.59) 12,014 (31.03) 320 (20.09)
Unknown 6,873 (17.05) 6,721 (17.36) 152 (9.54)
Vascular invasion <0.001
None 21,275 (52.77) 20,208 (52.18) 1,072 (67.29)
Yes 6,438 (15.97) 6,245 (16.13) 193 (12.12)
Unknown 12,601 (31.26) 12,273 (31.70) 328 (20.59)
AFP <0.001
Negative 6,996 (17.35) 6,651 (17.18) 345 (21.66)
Positive 18,977 (47.07) 18,299 (47.26) 678 (42.56)
Unknown 14,341 (35.57) 18,771 (35.56) 570 (35.78)
Status <0.001
Dead 31,869 (79.05) 30,821 (79.60) 1,048 (65.79)
Alive 8,445 (20.95) 7,900 (20.40) 545 (34.21)
Latency of SPM, years - - 2.33(0.92-4.92) -
Cause of death <0.001
First primary tumor 21,506 (67.48) 21,164 (82.84) 342 (32.63)
Multiple malignancies 144 (0.45) 0(0.0) 144 (13.74)
Noncancer cause 9,416 (29.55) 8,874 (14.62) 542 (51.72)
Unknown 803 (2.52) 783 (2.54) 20 (1.91)

HCC, hepatocellular carcinoma; OOPM, only one primary malignancy; SPM, second primary malignancy; AFP, alpha-fetoprotein.





OEBPS/Images/fonc-11-713637-g001.jpg
A L S SN S,

1910
s

28
0opM

25 s
A

000% 1000% 2000% 3000% 4000% SO GO0 T000% B000% 000% 10000%

WD ofinalHCC wUnkaown #Desdof e cause #Deod ofsbscqent mlignancies





