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Background

Hepatocellular carcinoma (HCC) is a highly heterogeneous tumor with several rare pathological subtypes and which is still poorly understood. This study aimed to describe the epidemiological and clinical spectrum of five rare HCC subtypes and develop a competing risk nomogram for cancer-specific survival prediction.



Methods

The study cohort was recruited from the Surveillance, Epidemiology, and End Results database. The clinicopathological data of 50,218 patients histologically diagnosed with classic HCC and five rare subtypes (ICD-O-3 Histology Code = 8170/3-8175/3) between 2004 and 2018 were reviewed. The annual percent change (APC) was calculated utilizing Joinpoint regression. The nomogram was developed based on multivariable competing risk survival analyses. Akaike information criterion, Bayesian information criterion, C-index, calibration curve, and area under the receiver operating characteristic curve were obtained to evaluate the prognostic performance. A decision curve analysis was introduced to examine the clinical value of the models.



Results

Despite scirrhous carcinoma, which showed a decreasing trend (APC = -6.8%, P = 0.025), the morbidity of other rare subtypes remained stable from 2004 to 2018. The incidence-based mortality was plateau in all subtypes during the period. Clear cell carcinoma is the most common subtype (n = 551, 1.1%), followed by subtypes of fibrolamellar (n = 241, 0.5%), scirrhous (n = 82, 0.2%), spindle cell (n = 61, 0.1%), and pleomorphic (n = 17, ~0%). The patients with fibrolamellar carcinoma were younger and more likely to have a non-cirrhotic liver and better prognoses. Scirrhous carcinoma shared almost the same macro-clinical characteristics and outcomes as the classic HCC. Clear cell carcinoma tended to occur in the Asia-Pacific elderly male population, and more than half of them were large HCC (Size>5cm). Sarcomatoid (including spindle cell and pleomorphic) carcinoma was associated with a larger tumor size, poorer differentiation, and more dismal prognoses. The pathological subtype, T stage, M stage, surgery, alpha-fetoprotein, and cancer history were confirmed as the independent predictors in patients with rare subtypes. The nomogram showed good calibration, discrimination, and net benefits in clinical practice.



Conclusion

The rare subtypes had unique clinicopathological features and biological behaviors compared with the classic HCC. Our findings could provide a valuable reference for clinicians. The constructed nomogram could predict the prognoses with good performance, which is meaningful to individualized management.





Keywords: hepatocellular carcinoma, pathological subtype, fibrolamellar carcinoma, scirrhous carcinoma, clear cell carcinoma, spindle cell carcinoma, pleomorphic carcinoma, The SEER Program



Introduction

Hepatocellular carcinoma (HCC) is an essential component of primary liver cancer. In the last decades, thanks to better etiological monitoring and management, especially the progress of viral hepatitis prevention and therapy, the morbidity of HCC has shown a trend of decelerated growth and is even gradually decreasing both in the East and West. Nevertheless, HCC is still a heavy health burden worldwide (1–7). According to a national survey in the USA, HCC ranks 5th and 7th in estimated new cancer deaths for male and female patients in 2022, respectively (1). In China, HCC had a leading contribution (about 7.9%) to the cancer disability-adjusted life years, second only to lung cancer and gastrointestinal cancer (2). Therefore, a lot of work still needs to be done to improve the HCC patients’ prognoses.

Because of cytological variants, HCC is a highly heterogeneous tumor with several pathological subtypes, mainly including fibrolamellar, scirrhous, clear cell, and sarcomatoid (spindle cell and pleomorphic) carcinoma. Given their unique histologic and clinical characteristics, these subtypes are emerging as distinct entities from classic HCC [HCC, not other specified (NOS)]. However, due to the rarity of atypical subtypes, most existing data primarily stemmed from case reports or single-center cohorts, which lacked sufficient power for conclusive findings to be drawn. Under these circumstances, the primary aim of this study was to compare the epidemiological and clinical features of five rare HCC subtypes (fibrolamellar, scirrhous, clear cell, spindle cell, and pleomorphic), including overall and gender-specific morbidity and incidence-based mortality (IBM), demographics, clinicopathological features, and outcomes, with those of classic HCC utilizing a representative population-based database.

The American Joint Committee on Cancer (AJCC) classifies classic HCC and other rare subtypes under the same category in the 8th edition staging system, which could be debatable—for example, as one of the most well-studied subtypes, patients with fibrolamellar carcinoma are reported to be younger and widely considered to have better prognoses than those with classic HCC (8–13). In this context, categorizing HCC into different subtypes may play a positive role in the individualized management of patients. Meanwhile, considering the wide age distribution and long-term follow-up, some events, the so-called competing risks, such as comorbidities and accidents, may either hinder the observation or modify the occurrence chance of events of interest, which would limit the application of the Kaplan–Meier method and standard Cox regression algorithm in our cohort (14). Therefore, the secondary objective of this study was to conduct competing risk survival analyses and then develop a novel nomogram to evaluate the prognoses of patients with the above-mentioned rare HCC subtypes.



Patients and Methods


Patients

This study is a retrospective cohort study. Patients diagnosed with different pathological subtypes of HCC (ICD-O-3 Histology Code=8170/3-8175/3) from 2004 to 2018 were extracted from the Surveillance, Epidemiology, and End Results (SEER) research database (18 registries). The SEER database is an authoritative source for cancer statistics and covers about 40.8% of the population in the USA. The data was downloaded with SEER*Stat software (version 8.3.9; The SEER Program, https://seer.cancer.gov). The inclusion criteria were shown as follows: (1) being diagnosed as HCC with positive histology, (2) having evidence of primary tumor, and (3) having a known cause of death and survival time. The stepwise extraction process from the SEER database is shown in Figure 1. This study followed the Declaration of Helsinki (as revised in 2013). The SEER database is a public database without personal identifying information. Therefore, the ethical review was exempted, and no consent was needed.




Figure 1 | Stepwise extraction process from the Surveillance, Epidemiology, and End Results database. ICD, International Classification of Diseases; HCC, hepatocellular carcinoma.





Definitions

Annual percentage change (APC) was utilized to describe trends of rate. Morbidity and IBM were age-adjusted to the 2000 US standard population. The demographic and clinical factors of patients were obtained from the SEER database. Continuous variables were converted to categorical variables according to the quartile method (age) or the well-accepted cutoff values (tumor size). Cancer-specific survival probability (CSS) and cumulative incidence (CI) of cancer-specific death (CSD) were set as the primary outcomes. All patients were restaged to the current AJCC staging system (8th edition) according to the related fields in the SEER database. The identification of lymph node metastasis (LNM) was strictly based on pathological confirmation, and patients without histologic evidence would be marked as “NX”. The clinical stage referred to the comprehensive AJCC staging, consolidating stages IA and IB into stage I. Missing data and correlations among prognostic factors were considered in survival analyses.



Statistics

With the hypothesis that the morbidity and IBM changed at a constant percentage from the previous year, the curves were fitted using the Joinpoint Regression Program (version 4.9.0; IMS; Calverton, MD, USA) (15). Survival analyses were performed by univariate and multivariate competing risk models. The cumulative incidences of CSD and other cause-specific death (OCSD) were estimated using the cumulative incidence function (CIF) curves. Propensity score matching (PSM) was used to reduce selection bias between groups. A one-to-one match was performed by the nearest-neighbor method within 0.20 standard deviations between the two groups. Categorical variables were shown as numbers and compared using chi-square test or Fisher’s exact test or likelihood ratio test based on applicable conditions.

The study patients were randomly divided into the training and validation sets with a ratio of 1:1 for external validation. A nomogram was constructed based on independent prognostic factors identified by multivariate competing risk survival analyses to provide a visual tool for clinical use. Harrell’s C-index, Akaike information criterion (AIC), Bayesian information criterion (BIC), and area under receiver operating curve (AUC) were calculated to compare the prognostic performances of the constructed nomogram and the current AJCC staging system. Calibration curves, to evaluate the predictive accuracy of the models, were plotted via bootstrapping with 1,000 resamples. Decision curve analysis (DCA), to estimate the clinical utility of the models, was performed by quantifying the net benefits at different threshold probabilities (16). A result was considered statistically significant when two-tailed (P < 0.05). All statistical analyses were completed using R software (version 3.6.3; the R Foundation for Statistical Computing, http://www.r-project.org) and SPSS (version 26.0, IBM, Chicago, IL, USA).




Results


Morbidity and Incidence-Based Mortality Trends of Different Subtypes of Hepatocellular Carcinoma

The overall and gender-specific morbidity trends are displayed in Figure 2 and Supplementary Figure S1. The overall morbidity of subtypes of classic HCC, fibrolamellar, scirrhous, spindle cell, clear cell, and pleomorphic was 48.429, 0.277, 0.087, 0.039, 0.389, 0.011 (per 1,000,000 individuals) in 2004 and 62.607, 0.183, 0.029, 0.026, 0.414, 0 (per 1,000,000 individuals) in 2018, respectively. The morbidity of classic HCC had gone through a process of first rising and then falling, with the APC of 4.8% [95% confidence interval (CI) = 3.9–5.7%, P < 0.001] between 2004 and 2009, 2.1% (95% CI = 1.3–2.8%, P < 0.001) between 2009 and 2015, and -3.5% (95% CI = -5.0–2.0%, P = 0.001) between 2015 and 2018. Meanwhile, the scirrhous variant had a downward morbidity trend from 2004 to 2018, and the APC was -6.8% (95% CI = -12.1–1.0%, P = 0.025). The morbidity of other subtypes of HCC remained stable during the period (P > 0.05). Similar trends were also observed in both male and female patients. The subgroup analyses also indicated that all subtypes of HCC were apparently dominated by male patients.




Figure 2 | Variation trends for the overall morbidity of different pathological subtypes of HCC from 2004 to 2018. (A) Classic HCC, (B) fibrolamellar carcinoma, (C) scirrhous carcinoma, (D) spindle cell carcinoma, (E) clear cell carcinoma, and (F) pleomorphic carcinoma. HCC, hepatocellular carcinoma.



The overall and gender-specific IBM trends are summarized in Figure 3 and Supplementary Figure S2. The overall IBM of classic HCC had entered a plateau after rising, with the APC of 4.1% (95% CI = 3.5–4.7%, P < 0.001) between 2004 and 2013 and -0.3% (95% CI = -1.5–1.0%, P = 0.553) between 2013 and 2018. No significant change was observed in the IBM of other subtypes of HCC between 2004 and 2018 (P > 0.05). Subgroup analyses also supported these findings according to different genders.




Figure 3 | Variation trends for the overall IBM of different pathological subtypes of HCC from 2004 to 2018. (A) Classic HCC, (B) fibrolamellar carcinoma, (C) scirrhous carcinoma, (D) spindle cell carcinoma, (E) clear cell carcinoma, and (F) pleomorphic carcinoma. IBM, incidence-based mortality; HCC, hepatocellular carcinoma.





Baseline Characteristics of Different Subtypes of Hepatocellular Carcinoma

The baseline characteristics are shown in Table 1 and Supplementary Table S1. A total of 50,218 patients were enrolled in this study. The majority of patients (n = 49,266, 98.1%) suffered classic HCC, compared to variants where clear cell was the most common pathological subtype (n = 551, 1.1%), followed by subtypes of fibrolamellar (n = 241, 0.5%), scirrhous (n = 82, 0.2%), spindle cell (n = 61, 0.1%), and pleomorphic (n = 17, ~0%). In terms of age distribution, the fibrolamellar subtype preferred the youth [median: 25, interquartile range (IQR): 17–51 years], whereas the clear cell subtype seemed more likely to occur in older individuals than classic HCC (median: 67, IQR: 59–76 years), which might also cause differences in marital status, cancer history, and OCSD between groups (P < 0.05). Although patients who suffered all subtypes of HCC are predominantly male, the relative proportion of females in most rare subtypes was higher than that of classic HCC.


Table 1 | Baseline characteristics of patients with different pathological subtypes of HCC.



In all cases with recorded tumor size, fibrolamellar (81.0%), spindle cell (63.5%), clear cell (59.5%), and pleomorphic (75.0%) subtypes were more frequent than classic HCC (48.1%) to present large liver cancer (>5 cm), with a median size of 10.0 (IQR: 6.4–14.0) cm, 8.0 (IQR: 3.9–11.4) cm, 6.2 (IQR: 4.0–9.6) cm, and 10.8 (IQR: 9.8–13.0) cm, respectively (P < 0.05). The tumor size also limited the decision-making of surgical approaches to a large extent, especially the choice of liver resection (LR) and liver transplantation (LT) (P < 0.05). More than one-third of fibrolamellar (36.1%), spindle cell (39.4%), and pleomorphic (35.3%) cases suffered locally advanced tumors (T3–T4). Sarcomatoid HCC, including spindle cell (87.9%) and pleomorphic (92.9%) subtypes, was mostly poorly differentiated or undifferentiated (G3–G4). Compared with classic HCC (71.9%), liver cirrhosis was less common in patients with fibrolamellar (9.8%) and clear cell (49.6%) subtypes (P < 0.05). Fibrolamellar cases had a significantly higher lymph node dissection (LND) rate (33.2%) than other subtypes (4.6–11.0%). LNM was observed in patients suffering from classic HCC, fibrolamellar subtype, and clear cell subtype, with the incidence of 4.7% (107/2,254), 51.2% (41/80), and 6.7% (2/30), respectively.

Patients with fibrolamellar (26.1%) or spindle cell (42.6%) subtypes were more prone to distant metastasis (M1) than those with classic HCC (17.0%, P < 0.05). Because the data on metastatic sites was incomplete before 2010, a total of 5,460 M1 patients (5,343 patients with classic HCC, 33 patients with fibrolamellar carcinoma, 8 patients with scirrhous carcinoma, 21 patients with spindle cell carcinoma, and 55 patients with clear cell carcinoma) were included for subsequent analyses. As shown in Figure 4, the lung was the most vulnerable site of extrahepatic distant metastases in patients with classic HCC, spindle cell, and clear cell subtypes, followed by bone (classic HCC and clear cell) or distant lymph node (spindle cell). However, the same results were not obtained in those who had fibrolamellar or scirrhous subtypes.




Figure 4 | Incidence of extrahepatic distant metastases at different sites of HCC. (A) All pathological subtypes, (B) classic HCC, (C) fibrolamellar carcinoma, (D) scirrhous carcinoma, (E) spindle carcinoma, and (F) clear cell carcinoma. HCC, hepatocellular carcinoma; LN, lymph node.





Prognoses of Different Subtypes of Hepatocellular Carcinoma

The final follow-up was performed in November 2020, with a mean follow-up time of 23.8 ± 33.8 (IQR: 2–30) months. During the follow-up period, 37,955 (75.6%) patients died, and 84.0% of deaths were attributable to various subtypes of HCC. The median cancer-specific survival time of subtypes of classic HCC, fibrolamellar, scirrhous, spindle cell, clear cell, and pleomorphic was 15.0 (95% CI = 14.6–15.4), 41.0 (95% CI = 29.0–53.0), 13.0 (95% CI = 8.5–17.5), 3.0 (95% CI = 1.0–5.0), 19.0 (95% CI = 14.7–23.3), and 5.0 (95% CI = 0–11.7) months, respectively. The cumulative incidence of CSD and OCSD is displayed in Table 1 and Figure 5A. The fibrolamellar carcinoma had the best cancer-specific survival (P < 0.05). Classic HCC, scirrhous, and clear cell subtypes shared similar outcomes (P > 0.05). However, patients with sarcomatoid HCC (spindle and pleomorphic subtypes) would suffer dismal prognoses (P < 0.05).




Figure 5 | Cumulative incidence function curves of mortality in hepatocellular carcinoma patients stratified by different factors: (A) histology and (B–F) nodal status. LND, lymph node dissection; LNM, lymph node metastasis; CSD, cancer-specific death; OCSD, other cause-specific death.



As displayed in Supplementary Figure S3, the clinical stage (or AJCC comprehensive stage) did not appear to show a good discrimination among rare subtypes, especially stage IVA (N1M0). The effect of nodal status on prognoses was further analyzed in subtypes with a sufficient sample size. For patients with classic HCC, the LND group did not show better prognoses than the non-LND group (Supplementary Table S2 and Figure 5B; P = 0.676) after PSM, which also applied to those with fibrolamellar or clear cell subtypes (Supplementary Tables S3, S4, and Figures 5C, D; P > 0.05). Unsurprisingly, classic HCC patients with LNM were confirmed to have worse chances of survival (Supplementary Table S5 and Figure 5E; P = 0.005). However, there was no survival difference between LNM and non-LNM in patients with fibrolamellar subtype after PSM (Supplementary Table S6 and Figure 5F; P = 0.397).

The CIF curves stratified by different surgical approaches are shown in Supplementary Figure S4. Overall, patients receiving liver-directed therapy (local destruction, LR, and LT) would have better prognoses. A truly matched study to compare the value of LR and LT was not possible with the limited number of cases, so we summarized the clinical characteristics of LT recipients in the form of a case series (Supplementary Table S7).



Development and Validation of a Model for Predicting the Prognoses of Rare Subtypes of Hepatocellular Carcinoma

Further survival analyses were performed in 952 patients with rare subtypes other than classic HCC. The study patients were randomly divided into the training set (n = 476) and the validation set (n = 476) with a ratio of 1:1. The baseline characteristics of the training and validation sets are summarized in Supplementary Table S8. As shown in Supplementary Tables S9, S10, and Supplementary Figure S5, multivariate competing risk analyses finally confirmed the pathological subtype, T stage, M stage, surgery, alpha-fetoprotein (AFP), and cancer history as the independent prognostic factors of CSD in the training set (P < 0.05).

The nomogram to predict the CSS of rare subtypes of HCC was developed based on the independent prognostic factors (Figure 6A), with C-index of 0.776 (95% CI = 0.739–0.812) in the training set and 0.749 (95% CI = 0.723–0.775) in the validation set. The calibration curves showed good consistency between the predicted and the observed CSS in both the training and validation sets (Figures 6B, C and Supplementary Figures S6A–D). As shown in Figures 6D, E and Supplementary Figures S6E–H, the constructed nomogram’s 1-, 3-, and 5-year receiver operating characteristic values were 0.813, 0.831, and 0.838 in the training set and 0.781, 0.838, and 0.847 in the validation set. Compared with the current AJCC staging system (8th edition), the nomogram had lower AIC and BIC values in the training and validation set, indicating a better discriminative capacity (Table 2). To further estimate the clinical utility of the two models, DCAs were plotted in Figures 6F, G and Supplementary Figures S6I–L. The nomogram provided a better net clinical benefit than “treat all” or “treat none” schemes and the current AJCC staging system. To further simplify the application of the nomogram, an online tool has been produced and published, which can be accessed through the following URL: https://chenxiaoyuan.shinyapps.io/RareHCC/.




Figure 6 | Developing and validating a novel model to predict the prognoses of patients with rare pathological subtypes of hepatocellular carcinoma. (A) The nomogram to predict cancer-specific survival was developed from the training set. (B, C) Calibration curve analyses of the nomogram and the current AJCC staging system (8th edition) to evaluate the prognosis effects at the 5-year point in the training and validation sets. (D, E) Receiver operating characteristic curve analyses of the nomogram and the current AJCC staging system (8th edition) to evaluate the prognosis effects at the 5-year point in the training and validation sets. (F, G) Decision curve analyses of the nomogram and the current AJCC staging system (8th edition) to evaluate the prognosis effects at the 5-year point in the training and validation sets. LT, liver transplantation; LR, liver resection; LD, local destruction; UNK, unknown; AFP, alpha-fetoprotein.




Table 2 | Comparison of prognostic performances between the constructed nomogram and the AJCC staging system.






Discussion

In the era of precision medicine, high heterogeneity poses great challenges in the prevention, diagnosis, and treatment of HCC. Due to the rarity of atypical HCC subtypes, it is really hard for a single institute to accumulate enough cases for in-depth research. In the present study, we recruited a high-volume cohort of 50,218 patients from the SEER database to macroscopically describe the epidemiological and clinical spectrum of different HCC pathological subtypes. Furthermore, we developed and validated an online nomogram based on the competing risk model to predict the prognoses of patients suffering from rare subtypes of HCC, which could provide more evidence for individualized management.

Between 2004 and 2018, the morbidity of classic HCC began to show a downward trend. Two possible reasons might explain this change: first, the increased availability and penetration of antiviral therapy slowed the progression of “hepatitis–cirrhosis–liver cancer” (especially hepatitis B in the East and hepatitis C in the West); second, as another emerging carcinogenic factor, nonalcoholic fatty liver disease (NAFLD) and metabolic syndrome have rapidly rising morbidity and population attributable fraction. Considering that the progression from NAFLD to liver cancer is a long-term process, it seemed still that the incidence peak of NAFLD-related liver cancer has not yet arrived (1, 2, 6, 17, 18). In addition to scirrhous carcinoma, the morbidity of other rare subtypes remained stable during this period. Currently, no specific exposure factor for these rare subtypes has been identified. Meanwhile, we observed differences in demographics and cirrhosis rate between classic HCC and rare subtypes in our cohort, indicating that rare HCC subtypes need to be better understood at the etiological level. As for IBM, all subtypes in this study were plateau, that is, IBM showed no further increase or significant decrease. Therefore, more attention should still be paid to developing better therapeutic strategies to further improve the prognoses of HCC patients.

In general, classic HCC is characterized by a lack of fibrous stroma, but there exist two rare subtypes of fibrolamellar and scirrhous carcinoma with abundant fibrous stroma (19–25). As the second common rare subtype in our cohort, fibrolamellar carcinoma was first described by Edmondson in 1956 (26) and named by Craig in 1980 (27). Compared with classic HCC, patients with fibrolamellar carcinoma were observed to be younger, have a greater proportion of Caucasians and female patients, and be less likely to have positive AFP and liver cirrhosis, which was consistent with previous studies (8, 10–12, 28). These findings also explained the differences in some other variables, such as marital status, cancer history, and OCSD. Meanwhile, similar to intrahepatic cholangiocarcinoma and combined hepatocellular–cholangiocarcinoma, fibrolamellar carcinoma tended to have a larger tumor size and higher probability of extrahepatic invasion (lymph node and distant metastasis) (29, 30). However, these factors seemed not to be drivers of poor prognoses as expected. Younger age and better liver reserve function allowed patients with fibrolamellar carcinoma to tolerate LR well. For this reason, the majority (89.2%, 122/142) of enrolled patients received LR, and over half (54.9%, 67/122, data not shown) of them were major resection. Atienza et al. (11) reported the promising role of LT in patients with fibrolamellar carcinoma with 1-, 3-, and 5-year overall survival of 96%, 80%, and 48%. In this study, the 1-, 3-, and 5-year CSD of LT recipients were 0, 30.8%, 46.2%, similar to the previous study and the LR group (5.8%, 21.8%, and 31.3%). Notably, Atienza and colleagues did not directly compare the therapeutic value of LT and LR, and no further PSM analysis was also conducted in our cohort due to the limited sample size. Considering the scarcity of donor livers, the role of LT in patients with fibrolamellar carcinoma still needs to be viewed with caution.

As another HCC subtype rich in stromal components, scirrhous carcinoma shared almost the same macroscopical clinical characteristics and prognoses with classic HCC, which was also supported by other researchers (19, 21, 31–33). Interestingly, both the two rare subtypes might present unusual paraneoplastic manifestations: hyperammonemic encephalopathy (HAE) occurred in patients with fibrolamellar carcinoma, and hypercalcemia was found in scirrhous carcinoma sufferers (34–37). However, for most patients, vague symptoms and nonspecific imaging features presented challenges in differential diagnoses of scirrhous carcinoma, especially from fibrolamellar carcinoma and cholangiocarcinoma. Unlike fibrolamellar, whose stroma is composed of dense lamellated collagenous bands with sparse cellular components, the stroma of scirrhous carcinoma is more complex, showing more abundant cancer-associated fibroblasts, tumor-infiltrating macrophages, and stemness-related marker expression (22, 24, 38). A team from Heidelberg University summarized the immunohistochemical (IHC) features of scirrhous carcinoma, and the positive rate of HepPar-1, CK7, CK19 and EMA was 64.6%, 40.7%, 16.0%, and 41.9%, respectively (19). Among these markers, CK7 and CK19 could be used to differentiate from classic HCC, and HepPar-1 could be used to distinguish from cholangiocarcinoma. It was reported that CD68 had a high positive rate in fibrolamellar carcinoma but was usually negative in scirrhous carcinoma, suggesting another strong differential marker (22, 24, 38–40). Nevertheless, these markers are still nonspecific, and gene-level detection could provide new ideas for diagnosis. Different from TP53 and CTNNB1 mutations in classic HCC, fibrolamellar carcinoma frequently harbors DNAJB1-PRKACA fusion transcript (except for patients with Carney syndrome), and scirrhous carcinoma was reported to be associated with TSC1/TSC2 mutations (39, 41, 42).

Clear cell carcinoma is defined to consist of mixtures of clear and/or acidophilic ground glass hepatocytes with excessive glycogen and/or fat (43). In our cohort, clear cell carcinoma tended to occur in the Asia-Pacific elderly male population with both cirrhotic and non-cirrhotic livers, and more than half of them were large HCC (Size>5cm). LR was still the most mainstream surgical approach (71.9%) with a 5-year CSD of 44.1%. A total of 14 patients received LT during the same period, and the 5-year CSD was 14.9%, indicating a potential therapeutic value of LT but needs to be further confirmed. Contradicting with two previous studies based on the national cancer database (NCDB), clear cell carcinoma was the most common rare HCC subtype in this study (10, 12). In addition to differences in the data source, another possible reason is the ill-defined pathologically diagnostic criteria: some researchers consider that 30% of clear cells is sufficient, but others diagnose clear cell carcinoma only when the tumors contain no less than 50% of clear cells (44–47). Unfortunately, data regarding clear cell components were not subgroup analyzed in our cohort due to unavailable data in the SEER database, which was also identified as an independent prognostic factor in some prior reports (46, 47). However, just as Xu et al. pointed out, it is hard to accurately account for the proportion of clear cells in tumors due to various presence patterns (46). Considering the finding obtained from single-center studies with small sample sizes, the prognostic role of clear cell components still deserves to be debated in subsequent studies.

Sarcomatoid carcinoma is a highly complicated subtype consisting of spindle and pleomorphic cells with or without multinucleated giant cells (48). Currently, little is known about the occurrence and development of sarcomatoid carcinoma. Several hypotheses have been proposed, such as epithelial-mesenchymal transition (EMT), inflammatory responses, stochastic phenotype switching, pluripotent precursor cell or stem cell hypothesis, and mutations in Gene CDKN2A (48–53). In our cohort, sarcomatoid carcinoma was observed to be significantly associated with larger tumor size, poorer differentiation, and much more dismal prognoses. The therapy strategy remains fragmented for this vulnerable patient population. Systematic therapy has been reported to have a limited effect in several case reports (54–57). For study patients with active liver-directed therapy, the 3-year CSD was as high as 63.3% of the spindle subtype and 62.5% of the pleomorphic subtype, respectively (data not shown; the 5-year CSD could not be calculated). These pessimistic findings were also confirmed by other studies (49, 58–60).

Subsequent competing risk survival analyses were conducted to develop a novel model better to evaluate the prognoses of patients with rare HCC subtypes. The pathological subtype, T stage, M stage, surgery, AFP, and cancer history were confirmed as the independent prognostic factors for cancer-specific survival in the multivariable analyses, and then a nomogram was developed based on these variables. In addition, we also provided a companion online tool for individualized evaluation. The nomogram showed high accuracy with C-indexes exceeding 0.700 and well-fitted calibration curves in both the training and validation sets. Besides these, the nomogram displayed better goodness of fit according to its lower AIC and BIC values. The DCA also confirmed the validity of the nomogram for prediction and demonstrated that the nomogram had better clinical value than the current staging system.

As far as we know, this study is the largest cohort focusing on the cancer-specific survival of rare HCC pathological subtypes and the first one to provide a competing risk analysis-based model for prognoses evaluation. Although our study has many merits, including but not limited to representative data sources, high-volume sample size, and complete long-term follow-up, some limitations still exist. First, the major drawback is the study design of the retrospective study, which could introduce inherent bias. Second, the SEER database lacks detailed clinicopathological data, including the Child–Pugh grade, adjuvant therapy regimens, and microscopic or IHC features, making it difficult to perform further PSM or subgroup analyses. Third, the SEER database does not provide data on pathological sampling methods. Different sampling methods may create barriers for differential diagnosis among different subtypes of HCC, such as needle biopsy and surgical resection, which may lead to a potential bias. Fourth, we could not model each subtype separately due to the limited sample size. In this study, we treated all rare subtypes as a whole and set “pathological subtype” as a variable in survival analyses. Despite the seemingly reduced accuracy, the constructed nomogram achieved better predictions than the current AJCC staging system and could benefit more patients. Under these circumstances, we believe the sacrifice is worthwhile.



Conclusion

Rare pathological subtypes have highly heterogeneous epidemiological and clinical features from classic HCC. Fibrolamellar carcinoma has the best prognosis, while the spindle cell and pleomorphic subtypes have the worst. The pathological subtype, T stage, M stage, surgery, AFP, and cancer history were confirmed as the independent prognostic factors for cancer-specific survival in patients with rare HCC subtypes. The constructed nomogram is well validated and could predict the prognoses with good performance, which is meaningful to individualized management.
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Tumor size (n =39,537) (n=211) (n=71) (n=52) (n=457) (n=16)
<2.cm 4,579 (11.6) 10 (4.7) 8(11.3) 5(9.6) 33(7.2) 0(0)
2-5cm 15,950 (40.3) 30 (14.2) 24 (33.8) 14 (26.9) 152 (33.3) 4(25.0)
5cm 19,008 (48.1) 171 (81.0) 39 (54.9) 33 (63.5) 272 (59 5) 12 (75.0)
Surgery - *
None 32,650 (66.3) 99 (41.1) 59 (72.0) 46 (75.4) 330 (59.9) 9(52.9)
LD 4,938 (10.0) 5(2.1) 5(6.1) 4(6.6) 45(8.2) 1(65.9)
LR 7,314 (14.8) 122 (50.6) 12 (14.6) 9(14.8) 159 (28.9) 7412
LT 3,860 (7.8) 13 (5.4) 6 (7.3 2(3.3) 14 (2.5) 0(0)
Method unknown 504 (1.0) 2(0.8 0() 0(0) 3(0.5 0()
Radiotherapy
Yes 4,223 (8.6) 19 (7.9) 8(9.8 4(6.6) 48 (8.7) 1(5.9)
No/unknown 45,043 (91.4) 222 (92.1) 74 (90.2) 57 (93.4) 503 (91.3) 16 (94.1)
Chemotherapy *
Yes 17,104 (34.7) 117 (48.5) 23 (28.0) 15 (24.6) 177 (32.1) 2(11.8)
No/unknown 32,162 (65.3) 124 (61.5) 59 (72.0) 46 (75.4) 374 (67.9) 15 (88.2)
T stage 4 i
Tia 3,068 (6.2) 79 5(6.1) 1(1.6) 25 (4.5) 0(0)
Tib 14,669 (29.8) 85 (35.3) 27 (32.9) 9(14.8) 201 (36.5) 6(35.3)
TINOS 2,125 (4.3) 8 (3.3 4(4.9 4(6.6) 26 (4.7) 000
T2 8,816 (17.9) 35 (14.5) 16 (19.5) 14 (23.0) 82 (14.9) 4(23.5)
T3 7,032 (14.3) 42 (17.4) 15 (18.3) 14 (23.0) 86 (15.6) 5(29.4)
T4 5875 (11.9) 45 (18.7) 8(9.8) 10 (16.4) 64(11.6) 1(6.9)
1R 7681 (15.6) 19(7.9) 7(8.5) 9(14.8) 67 (12.2) 1(6.9)
N stage % *
NO 2147 (4.4) 39 (16.2) 9(11.0 5(8.2) 28(5.1) 1(6.9)
N1 107 (0.2) 41 (17.0) 00 000 2(0.4) 000
NX 47 011 (95.4) 161 (66.8) 73 (89.0) 56 (91.8) 521(94.6) 16 (94.1)
M stage ks >
MO 40 871 (83.0) 178 (73.9) 67 (81.7) 35 (57.4) 468 (84.9) 17 (100.0)
M1 8395 (17.0) 63 (26.1) 15 (18.3) 26 (42.6) 83 (16.1) 0(0)
Grade (n = 29,149) (n=107) (n=52) (n =33) (n=334) (n=14)
G1 9,194 (31.5) 22 (20.6) 12 (23.1) 1.0 78(23.4) 1(7.1)
G2 13,176 (45.2) 61 (57.0) 25 (48.1) 3(9.1) 181 (54.2) 0(0)
G3-G4 6,779 (23.3) 24 (22.4) 15 (28.8) 29 (87.9) 75 (22.5) 13(92.9)
Ishak score (n=11,156) (n=41) (nh=17) (n=12) (n=137) (n=4)
0-4 3,135 (28.1) 37 (90.2) 4(23.5) 6 (50.0) 69 (50.4) 2 (50.0)
56 8,021 (71.9) 4(9.8) 13 (76.5) 6 (50.0) 68 (49.6) 2 (50.0)
Cl of CSD * * *
1 year 0.450 0.236 0.452 0.707 0.401 0.588
3 year 0.614 0.460 0615 0.827 0.585 0.824
5 year 0.671 0.551 0.697 0.827 0.655 =
Cl of OCSD *
1 year 0.065 <0.001 0.062 0.069 0.064 0.059
3 year 0.102 0.019 0.077 0.069 0.105 0.118
5 year 0.120 0.025 0.093 0.069 0.116 -

HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; LD, local destruction; LR, liver resection; LT, liver transplantation; CI, cumulative incidence; CSD, cancer-specific death;
OCSD, other cause-specific death.

*P < 0.05 when compared with classic HCC. (The P-values are shown in Supplementary Table S1).

G1, well differentiated: G2, moderately differentiated: G3-G4, poorly differentiated/undifferentiated.





