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Background

The efficacies of anatomical resection (AR) and non-anatomical resection (NAR) in the treatment of combined hepatocellular-cholangiocarcinoma (cHCC-CCA) remain unclear. This study aimed to compare the prognostic outcomes of AR with those of NAR for cHCC-CCA.



Method

Patients diagnosed with pathology-confirmed cHCC-CCA, and who underwent curative resection at Tongji hospital between January 2010 and December 2019 were included in this retrospective study. A one-to-one propensity score matching (PSM) analysis was used to compare the long-term outcomes of AR to those of NAR.



Results

A total of 105 patients were analyzed, of whom 48 (45.7%) and 57 (54.3%) underwent AR and NAR, respectively. There were no significant differences in short-term outcomes between the two groups, including duration of postoperative hospital stay, the incidence of perioperative complications, and incidence of 30-day mortality. However, both, the 5-year overall survival (OS) and recurrence-free survival (RFS) rates of AR were significantly better than those of NAR (40.5% vs. 22.4%, P=0.002; and 37.3% vs. 14.4%, P=0.002, respectively). Multivariate analysis showed that NAR, multiple tumors, larger-sized tumors (>5 cm), cirrhosis, lymph node metastasis, and vascular invasion were independent risk factors for poor prognoses. Stratified analysis demonstrated similar outcomes following AR versus NAR for patients with tumors > 5cm in diameter, while AR had better survival than NAR in patients with tumors ≤5 cm in diameter. After PSM, when 34 patients from each group were matched, the 5-year OS and RFS rates of AR were still better than those of NAR.



Conclusion

Patients with cHCC-CCA who underwent AR had better long-term surgical outcomes than those who underwent NAR, especially for those with tumors ≤5 cm in diameter. However, no differences in the risk of surgical complications were detected between the two groups.
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Introduction

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) is a rare type of primary liver cancer that exhibits both hepatocytic and cholangiocytic differentiation within the same tumor; cHCC-CCA has an incidence rate that ranges from 0.4–14.2% and is reported to be more common in men and those with chronic liver disease (1–3). cHCC-CCA is an aggressive malignancy, with clinical and biological patterns overlapping with those of hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA) (1). Due to the low incidence of cHCC-CCA, there are few published studies (mostly with low sample sizes) on the treatment and prognosis of the condition (2, 4, 5). Furthermore, there are no detailed accounts of the clinical behavior, surgical outcomes, and prognostic factors for cHCC-CCA (5–7). Compared with HCC and iCCA, standardizing treatment for cHCC-CCA is difficult due to several factors. First, it is difficult to differentiate cHCC-CCA from HCC or iCCA through imaging. Second, the incidence of cHCC-CCA is relatively low, making it difficult for a single institution to have enough patients for detailed studies. The only curative option for patients with cHCC-CCA was found to be R0 resection with lymph node dissection; however, even after radical hepatectomy or liver transplantation, long-term survival remained low (2, 4, 8, 9). The 5-year tumor recurrence rate in cHCC-CCA patients was reported to be as high as 80%, and the 5-year overall survival (OS) rates were less than 30% (10–14). High incidence rates of postoperative recurrence in cHCC-CCA patients even after curative treatment is also a major issue in the treatment of this condition.

A nationwide study in China has indicated that although cHCC-CCA reflects the malignant behavior of iCCA, it should be characterized as a subtype of HCC due to similarities in mortality rates and long-term surgical outcomes between HCC and cHCC-CCA (15). The superiority of anatomical resection (AR) over non-anatomical resection (NAR) for surgical outcomes in HCC patients is an ongoing controversy. Since cHCC-CCA has characteristics of both HCC and iCCA, the tumors have a high propensity to invade intrahepatic pedicle structures, which allows the tumor to spread via the closest portal veins or bile ducts. Therefore, the complete removal of tumor-bearing hepatic pedicles is considered to be ideal for surgical eradication of potential micrometastases (16). Theoretically, AR in patients with cHCC-CCA could reduce the risk of local recurrence and may improve patient survival (17). However, no reports have proved that AR is superior to NAR in treating cHCC-CCA as yet.

Therefore, this study was undertaken to clarify which—AR or NAR—is the superior treatment option based on short-term and long-term outcomes for patients with cHCC-CCA.



Patients and methods


Study population and data collection

Of the 6652 patients who underwent hepatectomy for primary hepatic malignancy between January 2010 and December 2019 at the Hepatic Surgery Center, Tongji Hospital, 118 (1.8%) were identified as having pathology-confirmed cHCC-CCA. Of these, eight were excluded due to incomplete data (including six patients who were lost to follow-up), three were excluded as exploration and biopsies confirmed that the tumors were not cHCC-CCA, and two were excluded as they had received preoperative anticancer treatments (Figure 1). The remaining 105 patients were divided into NAR (n=57) and AR groups (n=48) according to the hepatic resection they underwent.




Figure 1 | Flowchart of steps taken for patient selection for this study. AR, anatomical resection; NAR, non-anatomical resection; PSM, propensity score matching.



Demographic and clinical data including age, sex, Eastern Cooperative Oncology Group-Performance status (ECOG-PS), Child classification, presence of underlying liver disease, positivity for hepatitis B viral surface antigen (HBsAg) and hepatitis C viral antibody (HCV-Ab), liver function, complete blood count, coagulation profile, tumor markers including serum α-fetoprotein (AFP), carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels were collected. Histopathological factors including the tumor size and number, vascular invasion, lymph node metastasis (LNM), and tumor stage according to the 8th edition of the Union for International Cancer Control TNM classification (8th TNM stage) were also recorded (18).



Surgical procedures

The main surgical procedure for AR involved complete identification of the target Couinaud segment(s), following which parenchymal dissection was performed along the segmental border. Next, landmark veins were exposed on the cut surface of the liver, and the corresponding portal branches were ligated for trisectionectomy, hemihepatectomy, sectionectomy, and segmentectomy (19). For NAR (also known as conventional limited resection), the surgical procedure focused on tumor resection with a negative tumor margin regardless of segment or section anatomy. Postoperative morbidity was defined as the occurrence of complications during the hospital stay or within 3 months of resection. Complication severity was graded as per the Clavien–Dindo classification system (20).



Follow-up

Postoperative follow-up consisted of abdominal ultrasound, computed tomography (CT), or magnetic resonance imaging (MRI) along with laboratory tests to check liver function. These included checking the levels of α-fetoprotein (AFP), carbohydrate antigen 19-9 (CA19-9), and carcinoembryonic antigen (CEA) every 2–3 months during the first 2 years after surgery, and then every 4–6 months thereafter. Follow-up data were collected until February 28, 2022. Recurrence-free survival (RFS) was defined as the period after the operation when no tumor recurrence could be detected by imaging or biopsy. Overall survival (OS) was the time interval between the surgery and date of death (if any).



Propensity score matching analysis

Propensity score matching (PSM) was performed to reduce biases arising from the different distributions of covariates among patients who underwent AR and those who underwent NAR. Of all the variables identified, several were significantly and independently different between the two groups. Based on these results, the following variables were included in the 1:1 PSM analysis: CEA, prothrombin time (PT), white blood cell (WBC) count, and presence of solitary tumor. To achieve the highest homogeneity, the caliper was set to 0.10.



Statistical analysis

For continuous variables, medians with inter-quartile ranges (IQR) have been reported. Such variables were compared using independent sample t-tests or Mann-Whitney U tests. Categorical variables were expressed as frequencies or percentages and compared using the Chi-square test or Fisher’s exact test. Kaplan-Meier (K-M) survival curves were used to compare survival rates between the AR and NAR groups using the log-rank test. Potential risk factors associated with OS and RFS were identified using univariate and multivariable Cox hazard regression models, and all variables with P<0.050 in the univariate analyses were utilized in multivariate analyses to determine independent risk factors. For all tests, P< 0.050 was considered statistically significant. All analyses were performed using the SSPS 24.0 software (IBM Corp., Armonk, NY, USA).




Results


Demographic and clinicopathologic characteristics

Of the 105 patients with cHCC-CCA included in this study, there were 90 (85.7%) men and 15 (14.3%) women; the mean age of the patients was 53 years (range, 28–83 years). Details regarding patient demographics, preoperative procedures, tumor characteristics, and operative procedures and care are reported in Table 1. A total of 57 patients underwent NAR (54.3%) while 48 underwent AR (45.7%). There were substantial differences in background variables between the two groups before PSM analysis. Patients in the AR group had significantly higher CEA levels and WBC counts, along with lower PT levels and smaller tumors than those in the NAR group. There were no significant differences in other clinicopathologic characteristics between the two groups. Details of the surgical procedures that the 48 patients who underwent AR are as follows: trisectionectomy (n=2); hemihepatectomy (n=11); sectionectomy (n=9); segmentectomy (n=16); combined resection of segments (n=10).


Table 1 | Baseline patient characteristics.





Postoperative outcomes

The overall incidence rates of postoperative complications and 30-day mortality were 34.3% (43/105) and 1% (1/105), respectively. The lengths of postoperative hospital stays and incidence rates of complications were similar between the two matched groups (Table 2). None of the patients experienced intraperitoneal bleeding within 72 hours after surgery. In the NAR group, one patient developed bile leakage after hepatectomy and underwent percutaneous catheter drainage for two months. One patient in each group developed postoperative hepatic failure; after conservative treatment, the AR patient recovered, whereas the NAR patient died 25 days after surgery. Postoperative infection (definite positive after bacterial culture) occurred in three patients in each group; however, these patients recovered after treatment with antibiotics and immune regulation. Other common complications included pleural effusion and ascites, which occurred at similar rates between both groups and required ultrasound-guided percutaneous drainage. There were no significant differences between the two groups in the severity of complications according to the Clavien–Dindo classification.


Table 2 | Comparison of postoperative outcomes.





Long-term survival

A total of 105 patients were followed up for various periods (range=0.8–97 months; median=42 months). The 1-year, 3-year, and 5-year OS rates for all patients were 88.6%, 59.8%, and 29.0%, respectively. Correspondingly, the 1-year, 3-year, and 5-year RFS rates for all patients were 75.2%, 42.9%, and 22.8%, respectively. The 1-year, 3-year, and 5-year OS rates were significantly higher in the AR group as compared to those in the NAR group (91.7% vs 86.0%; 70.0% vs 51.1%; 36.8% vs 22.3%, respectively; P=0.002; Figure 2A). The 1-year, 3-year, and 5-year RFS rates were also higher in the AR group as compared to those in the NAR group (79.2% vs 71.9%; 56.0% vs 31.0%; 32.6% vs 14.4%, respectively; P=0.002; Figure 2B). Tables 3, 4 show the results of the stratified analyses (Cox proportional hazard regression analysis and log-rank test) for the predictors of RFS and OS rates. Univariate analyses revealed that the presence of HBsAg (positive vs negative) and cirrhosis (yes vs no), tumor nodularity (multiple vs solitary), tumor size (>5 cm vs ≤5 cm), resection type (AR vs NAR), surgical margin (R1 vs R0), differentiation (poor vs moderate/well), and the presence of lymph node metastasis and vascular invasion (yes vs no) were prognostic factors for RFS. Multivariate analyses revealed that the presence of: multiple tumors (hazard ratio [HR]=2.560, 95% confidence interval [CI]=1.346–4.868, P=0.004), larger tumors (>5 cm) (HR=2.036, 95% CI=1.174–3.534, P=0.011), AR (HR=0.573, 95% CI=0.334–0.982, P=0.043), lymph node metastasis (HR=3.043, 95% CI=1.348-6.869, P=0.007), and vascular invasion (HR=2.325, 95% CI=1.220–4.432, P=0.010) were significant predictors of RFS. Similarly, univariate analyses found that the presence of cirrhosis (yes vs no), tumor nodularity (multiple vs solitary), tumor size (>5 cm vs ≤5 cm), resection type (AR vs NAR), surgical margin (R1 vs R0), and the presence of lymph node metastasis and vascular invasion (yes vs no) were prognostic factors for OS. Multivariate analysis revealed that cirrhosis (HR=1.921, 95% CI=1.101–3.352, P=0.022), the presence of larger tumors (>5 cm) (HR=1.793, 95% CI=1.015–3.165, P=0.044), AR (HR=0.548, 95% CI=0.316–0.950, P=0.032), the presence of lymph node metastasis (HR=3.108, 95% CI=1.429–6.761, P=0.004), and vascular invasion (HR=3.544, 95% CI=1.831–6.862, P=0.001) were significant predictors of OS.




Figure 2 | Overall survival (OS) and Recurrence-free survival (RFS) rates after Anatomic resection (AR) versus Non-anatomic resection (NAR) for combined hepatocellular-cholangiocarcinoma (cHCC-CCA) patients. (A) Overall survival (OS) and (B) recurrence-free survival (RFS) curves of cHCC-CCA patients in AR (n=57; P=0.002) and NAR (n=48; P=0.002) groups. (C) Overall survival (OS) and (D) recurrence-free survival (RFS) curves of cHCC-CCA patients with tumors ≤5 cm in size (n=50, P=0.006 and P=0.003, respectively) and >5 cm in size (n=55, P=0.059 and P=0.155, respectively).




Table 3 | Univariate and multivariate analyses of prognostic factors of recurrence-free survival.




Table 4 | Univariate and multivariate analyses of prognostic factors of overall survival.



Since tumor size may be associated with prognosis, the patients were further classified into subsets according to tumor size: tumor size <5 cm (n=50) and >5 cm (n=55). In the patients with smaller tumors (<5 cm), higher RFS and OS rates were observed in the AR (n=25) group as compared with those in the NAR (n=25) group (P=0.006 and P=0.003, respectively; Figures 2C, D). In the patients with larger tumors (>5 cm), there were no differences in RFS and OS rates between the AR (n=23) and NAR (n=32) groups (P=0.059 and P=0.155, respectively; Figures 2C, D).



Patient characteristics and long-term outcomes after PSM

After the 1:1 PSM, 68 patients were identified and classified into propensity-matched anatomical resection (PSM-AR) (n=34) and propensity-matched non-anatomical resection (PSM-NAR) groups (n=34) (Table 1). Except for the high laparoscopic resection rate in the PSM-AR group (26.5% vs 5.9%; P=0.045), there were no significant differences in demographic and clinicopathologic characteristics between the two groups after matching (Table 1). The operation time tended to be shorter in PSM-NAR (median time=180 in the PASM-NAR group as compared to 195 minutes for the PSM-NAR group; P=0.058).

Among the 68 patients included in this analysis, the 1-year, 3-year, and 5-year OS rates were higher in the PSM-AR group as compared to those in the PSM-NAR group (94.1% vs 88.2%; 65.9% vs 41.2%; 31.7% vs 14.0%, respectively; P=0.002; Figure 3A). The 1-year, 3-year, and 5-year RFS rates were also higher in the PSM-AR group as compared to those in the PSM-NAR group (79.4% vs 67.6%; 49.6% vs 32.4%; 30.2% vs 13.2%, respectively; P=0.010; Figure 3B).




Figure 3 | Overall survival (OS) and Recurrence-free survival (RFS) rates after Anatomic (AR) versus Non-anatomic resection (NAR) for combined hepatocellular-cholangiocarcinoma (cHCC-CCA) patients after propensity score matching (PSM). (A) Overall survival (OS) and (B) recurrence-free survival (RFS) curves of cHCC-CCA patients in PSM-AR (n = 34) and PSM-NAR (n = 34) groups after propensity score matching (PSM) (P = 0.002, P = 0.010, respectively).






Discussion

The clinical significance of choosing AR or NAR in treating cHCC-CCA remains unclear because of the relative rarity of this primary liver malignancy, which has an incidence of 1.8% (118/6552; as observed in our study, which is consistent with previous reports) (6). In this single-center study, we have demonstrated that cHCC-CCA patients who underwent AR surgeries had longer DFS and OS times than those who underwent NAR surgeries, (both, before and after PSM analysis), especially for tumors <5 cm in diameter. To the best of our knowledge, this is the first report that compares the surgical outcomes of AR versus NAR in the treatment of cHCC-CCA; we find that patients who underwent AR, had better surgical outcomes than those who underwent NAR.

Although cHCC-CCA has features of both HCC and CC, several studies have observed that cHCC-CCA shares more etiological features with HCC than with iCCA, especially with respect to its epithelial characteristics (5, 15). In our study, the clinicopathological features of cHCC-CCA were more similar to those of patients suffering from HCC infected with HBV (hepatitis B virus), both of which are associated with elevated AFP levels in most patients. The results of this study are consistent with those of previous studies (15, 21). In clinical settings, cHCC-CCA is often misdiagnosed as either HCC or iCCA via imaging or hematology tests due to non-specific clinical manifestations, and a confirmed diagnosis of cHCC-CCA usually requires surgical resection (22). Since preoperative biopsy is not routinely used to diagnose cHCC-CCA (as large sampling areas are required and have low sensitivity of detection), some studies have explored the use of other risk factors to differentiate between cHCC-CCA and HCC or iCCA. Some of these factors include sex (men are more likely to develop cHCC-CCA than women), and the presence of chronic liver damage, cirrhosis, hepatitis infection, familial history of liver cancer, alcoholism, and diabetes (21, 23). Although both CA199 and AFP levels are expected to be higher than normal in cHCC-CCA patients, in this study, we found that elevated AFP levels were more common than elevated CA199 levels. Furthermore, 85.7% of cHCC-CCA patients in our study were men and 62.9% of them had HBV infections, which is consistent with previous reports (23, 24). Our results indicate that the clinicopathological characteristics of cHCC-CCA in the patients included in our study resemble those of HCC more than iCCA.

Surgical resection is widely accepted as an optimal curative treatment for cHCC-CCA and can provide patients with a chance of long-term survival (13, 25).The main objectives of surgical resectioning in treating cHCC-CCA are to completely remove the tumor, preserve sufficient residual liver volume for survival, and ensure negative resection margins. Unfortunately, until now, the prognostic differences in treating cHCC-CCA with either AR or NAR surgeries have not been reported. Usually, treatment with AR reduces tumor recurrence as it involves the removal of tumor-bearing portal vein branches and corresponding liver parenchyma. Since this supports long-term survival, several studies have reported that AR is superior to NAR for the treatment of HCC or iCCA with resection (17, 26, 27). NAR is considered to be beneficial for patients with cirrhosis or poorly preserved liver function (28). Since cHCC-CCA resembles both, HCC and iCCA, the long-term outcomes of surgical resection may be similar to those of HCC and iCCA; however, it is important to have data-backed proof of differences in surgical outcomes of cHCC-CCA patients after AR or NAR surgeries. Although there were no significant differences in the occurrences or types of postoperative complications between the two surgical methods, we found that AR is prognostically superior to NAR for cHCC-CCA treatment. Our results (both, before and after PSM) show that AR significantly improved the RFS and OS times for cHCC-CCA patients.

Multivariate analyses also showed that tumor size and nodularity, as well as the presence of lymph node metastasis and vascular invasion were independent risk factors for postoperative survival of cHCC-CCA patients; these patterns are consistent with those for patients with HCC or iCCA (29–33). Tumor size may influence surgical outcomes for HCC patients (34); this was shown in a large-scale study from Japan, which found that the recurrence rates for HCC patients with tumors of diameter 2–5 cm were significantly lower for those who underwent AR surgery rather than for those who underwent NAR surgery. However, there were no significant differences in surgical outcomes after liver resection for HCC tumors ≤2 cm or ≥5 cm in size between the AR and NAR groups (35). Due to the similarities between HCC and cHCC-CCA, tumor size can be expected to be a crucial risk factor for surgical outcomes of AR or NAR surgeries in cHCC-CCA patients. In this study, stratified analysis showed that AR provides a better long-term survival benefit than NAR for patients with tumors ≤5 cm in size. However, there were no significant differences in RFS and OS at 1, 3, and 5 years after resection surgery for patients with tumors >5 cm in size. One reason for this inconsistency could be that the cHCC-CCA tumors in the patients included in this study were more similar to CCA tumors than to HCC tumors; for CCA tumors, AR surgery provides no extra survival benefits over NAR surgery. Furthermore, the diameters of all the tumor masses in this study were >2.2 cm. Our results, therefore, suggest that AR should be recommended for cHCC-CCA patients with small tumors.

Despite our clear-cut results, this study has several limitations. Of these, one is that this study has a small sample size with all samples drawn from a single center. Second, this is a retrospective study, which means that there is a high chance of it having selection biases despite our use of PSM analysis. Third, we have not analyzed the impact of postoperative therapy on the long-term outcomes in patients due to unavailable data. In addition, not all patients included in this study underwent lymph node dissection, as several had normal lymph nodes (as observed by preoperative imaging). We recommend that more prospective studies with larger sample sizes and RCT studies be performed to fully evaluate the relative merits of AR and NAR surgeries in treating cHCC-CCA.



Conclusion

In conclusion, the clinicopathologic characteristics of cHCC-CCA usually resemble those of HCC more than those of iCCA. Irrespective of the application of PSM, we found that AR was associated with better surgical outcomes as compared to NAR for patients with cHCC-CCA, especially for tumors of size ≤5 cm in diameter.



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 authors.



Author contributions

Conception and design, W-QW, E-LZ, and S-HY. Analysis and interpretation of data, all authors. Drafting the article or revising it critically for important intellectual content, all authors. Final approval of manuscript, all authors. All authors contributed to the article and approved the submitted version.



Funding

This work was partially supported by the National Natural Science Foundation of China (No.81902839).



Acknowledgments

We thank Bullet Edits Limited for the linguistic editing and proofreading of 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.



References

1. Jarnagin, WR, Weber, S, Tickoo, SK, Koea, JB, Obiekwe, S, Fong, Y, et al. Combined hepatocellular and cholangiocarcinoma. Cancer (2002) 94(7):2040–6. doi: 10.1002/cncr.10392

2. Garancini, M, Goffredo, P, Pagni, F, Romano, F, Roman, S, Sosa, JA, et al. Combined hepatocellular-cholangiocarcinoma: A population-level analysis of an uncommon primary liver tumor. Liver Transpl (2014) 20(8):952–9. doi: 10.1002/lt.23897

3. Kassahun, WT, and Hauss, J. Management of combined hepatocellular and cholangiocarcinoma. Int J Clin Pract (2008) 62(8):1271–8. doi: 10.1111/j.1742-1241.2007.01694.x

4. Ariizumi, S, Kotera, Y, Katagiri, S, Nakano, M, and Yamamoto, M. Combined hepatocellular-cholangiocarcinoma had poor outcomes after hepatectomy regardless of Allen and Lisa class or the predominance of intrahepatic cholangiocarcinoma cells within the tumor. Ann Surg Oncol (2012) 19(5):1628–36. doi: 10.1245/s10434-011-2150-0

5. Zhou, YM, Sui, CJ, Zhang, XF, Li, B, and Yang, JM. Influence of cirrhosis on long-term prognosis after surgery in patients with combined hepatocellular-cholangiocarcinoma. BMC Gastroenterol (2017) 17(1):25. doi: 10.1186/s12876-017-0584-y

6. Beaufrère, A, Calderaro, J, and Paradis, V. Combined hepatocellular-cholangiocarcinoma: An update. J Hepatol (2021) 74(5):1212–24. doi: 10.1016/j.jhep.2021.01.035

7. Dageforde, LA, Vachharajani, N, Tabrizian, P, Agopian, V, Halazun, K, Maynard, E, et al. Multi-center analysis of liver transplantation for combined hepatocellular carcinoma-cholangiocarcinoma liver tumors. J Am Coll Surg (2021) 232(4):361–71. doi: 10.1016/j.jamcollsurg.2020.11.017

8. Kim, KH, Lee, SG, Park, EH, Hwang, S, Ahn, CS, Moon, DB, et al. Surgical treatments and prognoses of patients with combined hepatocellular carcinoma and cholangiocarcinoma. Ann Surg Oncol (2009) 16(3):623–9. doi: 10.1245/s10434-008-0278-3

9. Zhan, Q, Shen, BY, Deng, XX, Zhu, ZC, Chen, H, Peng, CH, et al. Clinical and pathological analysis of 27 patients with combined hepatocellular-cholangiocarcinoma in an Asian center. J Hepatobiliary Pancreat Sci (2012) 19(4):361–9. doi: 10.1007/s00534-011-0417-2

10. Renzulli, M, Ramai, D, Singh, J, Sinha, S, Brandi, N, Ierardi, AM, et al. Locoregional treatments in cholangiocarcinoma and combined hepatocellular cholangiocarcinoma. Cancers (Basel) (2021) 13(13):3336. doi: 10.3390/cancers13133336

11. Kim, SH, Park, YN, Lim, JH, Choi, GH, Choi, JS, and Kim, KS. Characteristics of combined hepatocelluar-cholangiocarcinoma and comparison with intrahepatic cholangiocarcinoma. Eur J Surg Oncol (2014) 40(8):976–81. doi: 10.1016/j.ejso.2014.04.016

12. Yin, X, Zhang, B-H, Qiu, S-J, Ren, Z-G, Zhou, J, Chen, X-H, et al. Combined hepatocellular carcinoma and cholangiocarcinoma: Clinical features, treatment modalities, and prognosis. Ann Surg Oncol (2012) 19(9):2869–76. doi: 10.1245/s10434-012-2328-0

13. Yoon, Y-I, Hwang, S, Lee, Y-J, Kim, K-H, Ahn, C-S, Moon, D-B, et al. Postresection outcomes of combined hepatocellular carcinoma-cholangiocarcinoma, hepatocellular carcinoma and intrahepatic cholangiocarcinoma. J Gastrointest Surg (2016) 20(2):411–20. doi: 10.1007/s11605-015-3045-3

14. Yamashita, YI, Aishima, S, Nakao, Y, Yoshizumi, T, Nagano, H, Kuroki, T, et al. Clinicopathological characteristics of combined hepatocellular cholangiocarcinoma from the viewpoint of patient prognosis after hepatic resection: High rate of early recurrence and its predictors. Hepatol Res (2020) 50(7):863–70. doi: 10.1111/hepr.13507

15. Chen, PD, Chen, LJ, Chang, YJ, and Chang, YJ. Long-term survival of combined hepatocellular-cholangiocarcinoma: A nationwide study. Oncologist (2021) 26(10):e1774–e85. doi: 10.1002/onco.13893

16. Makuuchi, M, Hasegawa, H, and Yamazaki, S. Ultrasonically guided subsegmentectomy. Surg Gynecol Obstet (1985) 161(4):346–50.

17. Kaibori, M, Kon, M, Kitawaki, T, Kawaura, T, Hasegawa, K, Kokudo, N, et al. Comparison of anatomic and non-anatomic hepatic resection for hepatocellular carcinoma. J Hepatobiliary Pancreat Sci (2017) 24(11):616–26. doi: 10.1002/jhbp.502

18. Chun, YS, Pawlik, TM, and Vauthey, JN. 8th edition of the ajcc cancer staging manual: Pancreas and hepatobiliary cancers. Ann Surg Oncol (2018) 25(4):845–7. doi: 10.1245/s10434-017-6025-x

19. Hasegawa, K, Kokudo, N, Imamura, H, Matsuyama, Y, Aoki, T, Minagawa, M, et al. Prognostic impact of anatomic resection for hepatocellular carcinoma. Ann Surg (2005) 242(2):252–9. doi: 10.1097/01.sla.0000171307.37401.db

20. Dindo, D, Demartines, N, and Clavien, PA. Classification of surgical complications: A new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg (2004) 240(2):205–13. doi: 10.1097/01.sla.0000133083.54934.ae

21. Lin, CW, Wu, TC, Lin, HY, Hung, CM, Hsieh, PM, Yeh, JH, et al. Clinical features and outcomes of combined hepatocellular carcinoma and cholangiocarcinoma versus hepatocellular carcinoma versus cholangiocarcinoma after surgical resection: A propensity score matching analysis. BMC Gastroenterol (2021) 21(1):20. doi: 10.1186/s12876-020-01586-4

22. Wakizaka, K, Yokoo, H, Kamiyama, T, Ohira, M, Kato, K, Fujii, Y, et al. Clinical and pathological features of combined hepatocellular-cholangiocarcinoma compared with other liver cancers. J Gastroenterol Hepatol (2019) 34(6):1074–80. doi: 10.1111/jgh.14547

23. Cutolo, C, Dell'Aversana, F, Fusco, R, Grazzini, G, Chiti, G, Simonetti, I, et al. Combined hepatocellular-cholangiocarcinoma: What the multidisciplinary team should know. Diagnostics (Basel) (2022) 12(4):890. doi: 10.3390/diagnostics12040890

24. Chu, KJ, Lu, CD, Dong, H, Fu, XH, Zhang, HW, and Yao, XP. Hepatitis b virus-related combined hepatocellular-cholangiocarcinoma: Clinicopathological and prognostic analysis of 390 cases. Eur J Gastroenterol Hepatol (2014) 26(2):192–9. doi: 10.1097/MEG.0b013e3283625df9

25. Leoni, S, Sansone, V, Lorenzo, S, Ielasi, L, Tovoli, F, Renzulli, M, et al. Treatment of combined hepatocellular and cholangiocarcinoma. Cancers (Basel) (2020) 12(4):794. doi: 10.3390/cancers12040794

26. Jiao, S, Li, G, Zhang, D, Xu, Y, Liu, J, and Li, G. Anatomic versus non-anatomic resection for hepatocellular carcinoma, do we have an answer? a meta-analysis. Int J Surg (2020) 80:243–55. doi: 10.1016/j.ijsu.2020.05.008

27. Si, A, Li, J, Yang, Z, Xia, Y, Yang, T, Lei, Z, et al. Impact of anatomical versus non-anatomical liver resection on short- and long-term outcomes for patients with intrahepatic cholangiocarcinoma. Ann Surg Oncol (2019) 26(6):1841–50. doi: 10.1245/s10434-019-07260-8

28. Zhang, EL, Liang, BY, Chen, XP, and Huang, ZY. Severity of liver cirrhosis: A key role in the selection of surgical modality for child-pugh a hepatocellular carcinoma. World J Surg Oncol (2015) 13:148. doi: 10.1186/s12957-015-0567-9

29. Shim, JH, Jun, MJ, Han, S, Lee, YJ, Lee, SG, Kim, KM, et al. Prognostic nomograms for prediction of recurrence and survival after curative liver resection for hepatocellular carcinoma. Ann Surg (2015) 261(5):939–46. doi: 10.1097/sla.0000000000000747

30. Zheng, J, Kuk, D, Gönen, M, Balachandran, VP, Kingham, TP, Allen, PJ, et al. Actual 10-year survivors after resection of hepatocellular carcinoma. Ann Surg Oncol (2017) 24(5):1358–66. doi: 10.1245/s10434-016-5713-2

31. Mavros, MN, Economopoulos, KP, Alexiou, VG, and Pawlik, TM. Treatment and prognosis for patients with intrahepatic cholangiocarcinoma: Systematic review and meta-analysis. JAMA Surg (2014) 149(6):565–74. doi: 10.1001/jamasurg.2013.5137

32. Bartsch, F, Baumgart, J, Hoppe-Lotichius, M, Schmidtmann, I, Heinrich, S, and Lang, H. Visceral infiltration of intrahepatic cholangiocarcinoma is most prognostic after curative resection - retrospective cohort study of 102 consecutive liver resections from a single center. Int J Surg (2018) 55:193–200. doi: 10.1016/j.ijsu.2018.05.027

33. Zhang, E-L, Cheng, Q, Huang, Z-Y, and Dong, W. Revisiting surgical strategies for hepatocellular carcinoma with microvascular invasion. Front Oncol (2021) 11:691354. doi: 10.3389/fonc.2021.691354

34. Liang, BY, Gu, J, Xiong, M, Zhang, EL, Zhang, ZY, Chen, XP, et al. Tumor size may influence the prognosis of solitary hepatocellular carcinoma patients with cirrhosis and without macrovascular invasion after hepatectomy. Sci Rep (2021) 11(1):16343. doi: 10.1038/s41598-021-95835-5

35. Eguchi, S, Kanematsu, T, Arii, S, Okazaki, M, Okita, K, Omata, M, et al. Comparison of the outcomes between an anatomical subsegmentectomy and a non-anatomical minor hepatectomy for single hepatocellular carcinomas based on a Japanese nationwide survey. Surgery (2008) 143(4):469–75. doi: 10.1016/j.surg.2007.12.003



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 © 2022 Wang, Li, Liang, Lv, Zhu, Wang, Huang, Yang and Zhang. 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/Images/fonc.2022.980736_cover.jpg
, frontiers ‘ Frontiers in Oncology

Anatomical liver resection
improves surgical outcomes for
combined hepatocellular-
cholangiocarcinoma: A
propensity score matched study





OEBPS/Images/fonc-12-980736-g001.jpg
Primary hepatic malignancy confirmed by surgical
pathology from Jan 2010 to Dec 2019 (n=6652)

cHCC-CCA (n=118) 1.8%

Incomplete data (n=8)

Exploration and biopsy (n=3)
Preoperative anticancer treatments (n=2)

Study cohort (n=105)

PSM

PSM-AR (n=34) PSM-NAR (n=34)





OEBPS/Images/fonc-12-980736-g003.jpg
Overall survival(%)

100+
80-
60-
40-
20+
01 T T T T ) T T
[} 12 24 36 48 60 72
. Time after hepatectomy(Months)
No. at risk
— 34 32 30 21 14 8 5
-— 34 20 21 15 T 2 0

Reccurence-free survival(%)

60

40

204

0<|I

0

No. at risk

— 3
—aa

12 24 36 48 60
Time after hepatectomy(Months)

28 23 17 9 7
o 8 16 11 4 L ]

72

o »





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Anatomical liver resection improves surgical outcomes for combined hepatocellular-cholangiocarcinoma: A propensity score matched study

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Patients and methods

        

          		

            Study population and data collection

          



          		

            Surgical procedures

          



          		

            Follow-up

          



          		

            Propensity score matching analysis

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Demographic and clinicopathologic characteristics

          



          		

            Postoperative outcomes

          



          		

            Long-term survival

          



          		

            Patient characteristics and long-term outcomes after PSM

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Postoperative outcomes NAR(n=57) AR(n=48) P value

n (%) n (%)
30-day mortality 1(2.9) 0(0) 1.000
Postoperative hospital stay (days) 13(9-16) 12(8-17) 0.813
Overall complication 15(26.3) 11(22.9) 0.688
Infection 3(5.3) 3(6.3) 1.000
Bile leakage 1(1.8) 0(0) 1.000
Pleural effusion 5(8.7) 3(6.3) 0.724
Postoperative ascites 5(8.8) 4(8.3) 1.000
Liver failure 1(1.8) 1(2.1) 1.000
Severity of complication (Clavien-Dindo)
Grade I-11 9(26.5) 8(23.5) 0.779
Grade ITI-IV 1(2.9) 1(2.9) 1.000

NAR, non-anatomical resection; AR, anatomical resection.





OEBPS/Images/table4.jpg
Variable

Age (260 vs <60years)

Sex (female vs male)

ECOG-PS (1 vs 0)

HBsAg (positive vs negative)

AFP (>20 vs <20ng/ml)

CEA (>5 vs <5ng/ml)

CA199 (>37 vs <37U/L)

Splenomegaly (yes vs no)

Child Pugh (B vs A)

Tumor nodularity (multiple vs solitary)
Tumor size (>5 vs <5cm)

Procedure (laparoscopic vs. open)
Resection (AR vs NAR)

Operation time (>180 vs <180mins)
Blood loss (>500 vs <500ml)
Transfusion (yes vs no)

Surgical margin (R1 VS R0)
Differentiation (poor vs moderate/well)
Lymph node metastasis (yes vs no)

Vascular invasion (yes vs no)

Univariate analysis

HR (95%CI)

1.301 (0.741-2.281)
0735 (0.364-1.487)
1.082 (0.625-1.875)
1.389 (0.849-2.274)
1.327 (0.774-2.275)
1.397 (0.776-2.514)
1117 (0.696-1.793)
2581 (1.552-4.294)
0623 (0.196-1.984)
3.079 (1.886-5.164)
2728 (1.650-4.510)
1.157 (0.586-2.283)
0465 (0.284-0.761)
1.024 (0.635-1.653)
0.806 (0.385-1.688)
0620 (0.249-1.544)
3736 (1.551-8.997)
1.556 (0.895-2.703)
2424 (1.149-5.112)
4.103 (2.307-7.297)

P value

0.359
0.392
0.778
0.191
0.304
0.265
0.646
<0.001
0.424
<0.001
<0.001
0.675
0.002
0.922
0.567
0.305
0.003
0.117
0.020
<0.001

Multivariate analysis

HR (95%CI)

1.921 (1.101-3.352)

1.515 (0.814-2.817)
1.793 (1.015-3.165)

0.548 (0.316-0.950)

2.024 (0.762-5.376)

3.108 (1.429-6.761)
3.544 (1.831-6.862)

P value

0.022

0.190
0.044

0.032

0.157

0.004
<0.001

HR, hazards ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; AFP, o-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; AR, anatomical

resection; NAR, non-anatomical resection.
Bold values: statistically significant P values.
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ECOG-PS (1 vs 0)
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AFP (>20 vs <20ng/ml)

CEA (>5 vs <5ng/ml)
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Operation time (>180 vs <180mins)
Blood loss (>500 vs <500ml)
Transfusion (yes vs no)

Surgical margin (R1 VS R0)
Differentiation (poor vs moderate/well)
Lymph node metastasis (yes vs no)

Vascular invasion (yes vs no)

Univariate analysis
HR (95%CI)

1.636 (0.967-2.766)
0.812 (0.416-1.586)
1.225 (0.719-2.089)
1.661 (1.021-2.700)
1.088 (0.650-1.821)
1.312 (0.742-2.320)
1131 (0.714-1.791)
2138 (1.297-3.523)
0514 (0.162-1.636)
5.132 (2.910-9.050)
2852 (1.748-4.652)
0.834 (0.426-1.633)
0475 (0.294-0.769)
0.881 (0.553-1.405)
0681 (0.326-1.419)
0657 (0.264-1.635)
2955 (1.255-6.958)
1.762 (1.022-3.038)
2882 (1.354-6.133)
3661 (2.104-6.370)

P value

0.066
0.543
0.455
0.041
0.749
0.350
0.600
0.003
0.260
<0.001
<0.001
0.596
0.002
0.596
0.305
0.367
0.013
0.042
0.006
<0.001

Multivariate analysis

HR (95%CI)

1.368 (0.780-2.399)

1.222 (0.652-2.288)

2.560 (1.346-4.868)
2.036 (1.174-3.534)

0.573 (0.334-0.982)

1.561 (0.581-4.195)
1.236 (0.671-2.277)
3.043 (1.348-6.869)
2.325 (1.220-4.432)

P value

0.275

0.531

0.004
0.011

0.043

0.377
0.496
0.007
0.010

HR, hazards ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; AFP, o-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; AR, anatomical

resection; NAR, non-anatomical resection.
Bold values: statistically significant P values.
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Variable Before PSM After PSM

NAR (N=57) AR (N=48) P value PSM-NAR (N=34) PSM-AR (N=34) P value

Demographics
Age, median (IQR), y 52(48-60) 53(46-60) 0.393 52(46-60) 52(46-57) 0.870
Sex ratio, Male: Female 48:9 42:6 0.631 29:5 30:4 1.000

Preoperative variables

ECOG-PS, 0:1 49:8 435 0.768 29:5 313 0.709
HBsAg-positive, n (%) 36(63.2) 30(62.5) 0.945 21(61.8) 23(67.6) 0.612
HCVAb-positive, n (%) 2(3.5) 0(0) 0.499 2(3.5) 0(0) 0.499
AFP, median (IQR), ug/L 97(24-391) 74(12-502) 0.379 95(24-231) 212(12-848) 0.230
CEA, median (IQR), pug/L 3.5(2.0-4.1) 4.3(3.3-7.2) 0.021 3.6(2.7-4.1) 3.7(2.9-4.8) 0.882
CA-199, median (IQR), U/L 27(8-60) 37(9-75) 0.746 27(8-77) 16(6-67) 0.440
ALT, median (IQR), U/L 25(18-39) 23(18-36) 0.844 23(17-36) 28(22-30) 0.764
TBIL, median (IQR), wmol/L 10.5(7.5-15.6) 11.0(8.6-14.0) 0.827 10.7(7.2-15.1) 10.2(7.6-13.2) 0.448
ALB, median (IQR), g/L 40.2(36.4-42.9) 39.9(36.4-43.6) 0.842 40.3(36.8-44.2) 40.2(36.5-44.3) 0.844
PT, median (IQR), s 13.6(12.9-14.3) 13.1(12.8-14.0) 0.035 13.5(12.8-14.3) 13.1(12.9-14.0) 0.273
WBC, median (IQR), *10A9/L 5.5(4.4-6.5) 6.2(4.8-7.3) 0.027 5.7(4.6-6.8) 6.0(4.5-6.9) 0.756
HB, median (IQR), g/L 129(118-148) 136(124-147) 0.515 130(122-145) 136(123-147) 0.655
PLT, median (IQR), *10/9/L 184(128-237) 188(138-231) 0.868 181(123-236) 196(141-227) 0.868
Child-Pugh Class, A: B 54:3 453 0.828 313 313 1.000
Splenomegaly, n (%) 16(28.1) 11(22.9) 0.547 10(29.4) 9(26.5) 0.787
Tumor and operative variables
Size, median (IQR), cm 5.7(3.5-8.3) 5.0(3.5-7.8) 0.771 6.0(3.5-9.2) 5.6(3.4-8.0) 0.532
Solitary, n (%) 40(70.2) 42(87.5) 0.033 27(79.4) 28(82.4) 0.758
Laparoscopic surgery, n (%) 7(12.3) 10(20.8) 0.236 2(5.9) 9(26.5) 0.045
Operation time, median (IQR), min 180(160-200) 185(155-230) 0.105 180(160-200) 195(160-230) 0.058
Blood loss, median (IQR), ml 250(200-350) 300(200-475) 0.327 300(200-500) 300(200-450) 0.561
Blood transfusion, n (%) 6(10.5) 3(6.3) 0.504 4(11.8) 3(8.8) 1.000
Positive margin, n (%) 5(8.8) 2(2.1) 0.450 2(5.9) 2(5.9) 1.000
Differentiation, well/moderate: poor 45:12 399 0.811 28:6 277 0.758
Vascular invasion, n (%) 12(21.1) 7(14.6) 0.391 7(20.6) 7(20.6) 1.000
Lymph node metastasis, n (%) 5(8.8) 3(6.3) 0.724 4(11.8) 1(2.9) 0.356
8"AJCC TNM staging, I: TT: TIT 32:20:5 34:11:3 0.298 33:19:5 34:11:3 0.389

PSM, propensity score matching; NAR, non-anatomical resection; AR, anatomical resection; IQR, interquartile range; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; AFP, o-
fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ALT, alanine transaminase; TBIL, total bilirubin; ALB albumin, PT, prothrombin time; WBC, white blood
cell; HB, hemoglobin; PLT, platelet.

Bold values: statistically significant P values.





