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Background

There are few studies comparing the oncological outcomes of laparoscopic pancreaticoduodenectomy (LPD) and open pancreaticoduodenectomy (OPD) for distal cholangiocarcinoma (DCC). Our objective was to assess the short-term efficacy and long-term survival of LPD and OPD in patients with DCC.



Methods

The data of 124 DCC patients who underwent LPD or OPD at the Third Affiliated Hospital of Soochow University from May 2010 to May 2021 were retrospectively analyzed. Propensity score matching was performed to balance the two groups of baseline characteristics. After 1:1 matching, the overall survival (OS) of the two groups was compared by the Kaplan−Meier method. Univariate and multivariate Cox regression analyses were used to identify independent predictors of OS.



Results

The original cohort consisted of 124 patients. Nineteen patients were excluded because of incomplete baseline or follow-up data, and the remaining 105 patients were divided into two cohorts (45 in the LPD group and 60 in the OPD group). The LPD group showed more favorable results in OS analysis (LPD vs. OPD, 56.4 [46.2-66.5] vs. 48.9 [36.4-61.4], months, P=0. 01). PSM analysis identified 30 pairs of patients, and differences between matching groups were still significant (LPD vs. OPD, 67.9[58.2-77.6] vs. 47.4[31.4-67.5], months, P=0.002). Moreover, the LPD group experienced less intraoperative bleeding (LPD vs. OPD, 292.67 vs. 519.17 mL, P=0.002). Univariate analysis showed that surgical modality (P=0.012), carbohydrate antigen 19-9 (P=0.043), carcinoembryonic antigen (P=0.003), neutrophil-to-lymphocyte ratio (P=0.012), blood transfusion (P=0.031), clinically relevant postoperative pancreatic fistula (P<0.001) and lymphatic metastasis (P=0.004) were predictors of OS. Multivariate Cox analysis demonstrated that carbohydrate antigen 19-9 (P=0.048), carcinoembryonic antigen (P=0.031) and lymphatic metastasis (P=0.023) were independent predictive factors of OS. However, adjuvant therapy had no significant effect on the OS of DCC patients after radical pancreaticoduodenectomy (P>0.05).



Conclusions

For DCC patients, LPD may be a more recommended procedure because of its advantages over OPD in terms of intraoperative bleeding and long-term survival.
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Introduction

Distal cholangiocarcinoma is an epithelial malignancy originating in the middle and lower segments of the common bile duct and the ampulla of Vater (1), which accounts for approximately 20%-40% of cholangiocarcinoma (2). DCC is highly malignant and has a poor prognosis. The 1-year, 3-year and 5-year OS rates are 46%, 18% and 11%, respectively (3). Old age among males and chronic biliary tract disease are potential risk factors for its occurrence (4). Lymphatic metastasis and nerve infiltration are the main modes of invasion. Pancreaticoduodenectomy is the normative and sole therapeutic method for DCC patients (5, 6). The first case of laparoscopic pancreaticoduodenectomy (LPD) was reported by Gagner et al. in 1994 (7, 8) and has been widely carried out worldwide since then. In the past two decades, LPD has been widely used to treat DCC (3). With the advancement of operative techniques and perioperative care, the postoperative survival rate of DCC patients has been significantly improved (9). However, it is still unclear whether LPD is superior to OPD in terms of short-term outcomes and long-term survival (10). Some studies suggest that LPD takes a long time, has a complicated operation and is high risk, which has high requirements for the surgical team and a high incidence of postoperative complications (11, 12). Several recent multicenter studies have shown that LPD is a secure and practical approach. In high-volume centers with sufficient surgical experience, LPD appears to be an effective alternative, which is associated with a shorter hospital stay and similar short-term morbidity and mortality to OPD. Nevertheless, despite extensive procedural expertise, the clinical benefits of LPD compared to OPD are still insignificant (13–16). However, few studies have focused on LPD and OPD in DCC, so we conducted this study to focus on the differences between LPD and OPD in DCC to help guide the surgical treatment of DCC.



Methods


Study design and patient selection

The data of DCC patients who underwent pancreatoduodenectomy at the Third Affiliated Hospital of Soochow University from May 2010 to May 2021 were retrospectively analyzed. The inclusion criteria were as follows: 1. all patients underwent PD radical surgery; 2. postoperative pathological examination confirmed distal cholangiocarcinoma; 3. preoperative imaging examination showed that the tumor had no distant metastasis; and 4. there was no other malignant tumor resection history.

The exclusion criteria were as follows: 1. incomplete clinical records or loss during follow-up; 2. patients who received neoadjuvant therapy before surgery; 3. patients with severe underlying disease who could not tolerate surgery; and 4. patients only received palliative treatment. The surgeon explained the procedure of pancreaticoduodenectomy clearly.



Data collection

We obtained patient demographics, laboratory data, postoperative pathological results and follow-up data from the medical records database. Preoperative data consisted of age, body mass index (BMI), smoking history, sex, height, history of diabetes, history of hypertension, American Society of Anesthesiologists (ASA) score (17) and tumor markers, including carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen 125 (CA125) and carcinoembryonic antigen (CEA). Liver function biochemical data and routine blood indicators, such as platelets, total bilirubin, neutrophil (N) count, lymphocyte (L) count, neutrophil-to-lymphocyte ratio (NLR) and systemic immune inflammation index (SIII=P*N/L), were also calculated (17).

Intraoperative observation indicators included the harvested lymphatic nodes, intraoperative bleeding volume and blood transfusion (obtained through surgical records and anesthesia records). Pathological results included differentiation degree, R0 resection, lymphatic metastasis and tumor stage. The tumor stages were determined according to the 8th edition of the DCC TNM staging definition proposed by the American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC) in 2018 (18). The depth of tumor invasion and lymphatic metastasis were recorded in every patient.

Postoperative observation data included hospitalization time after operation, postoperative complications, postoperative adjuvant therapy and overall survival. Postoperative hospital stay was defined as the number of days from surgery to discharge. Postoperative complications were classified according to the Clavien−Dindo (CD) classification (19), including abdominal infection, clinically relevant postoperative pancreatic fistula (CR-POPF), and delayed gastric emptying (DGE) (17). According to the International Research Group on Pancreatic Surgery (ISGPS) definition, in the current study, only grade B and C POPF were thought to be complications, and the previously defined grade A biochemical pancreatic fistula report was no longer considered a clinical complication (20, 21). OS was defined as the duration from surgical resection to clinical death or last follow-up. To ensure adequate follow-up time for survival analysis, patients who received PD after May 2021 were excluded. Postoperative follow-up was conducted by outpatient visits, inpatient medical record systems and telephone calls. The follow-up period lasted until the end of May 2022 or the patient’s death.



Propensity score matching

In recent years, an increasing number of surgical studies have begun to apply PSM analysis to effectively reduce the influence of confounding factors in the study (22). In this study, two groups were matched by propensity score matching. Age, sex, BMI, diabetes, smoking history, ASA score and clinical laboratory test data, including CA125, CEA, platelets, total bilirubin, neutrophil count, lymphocyte count, SIII and other factors related to surgical or postoperative management, were selected as matching factors. Next, PSM was performed at 1:1. After matching, 45 patients were excluded. The LPD group included 30 patients, and the OPD group included 30 patients, for a total of 60 patients. To prevent prognostic factors such as adjuvant therapy and R0 resection from affecting the construction of the propensity score model, only baseline variables were included.



Statistical analyses

For the entire cohort, categorical variables were expressed as frequencies and percentages (%) and compared using the chi-square test (X2) or Fisher’s exact test. Continuous variables conforming to a normal distribution were calculated as the mean ± standard deviation (SD) and compared by Student’s t test. Continuous variables with a nonnormal distribution are represented by the median and interquartile range (IQR), and the differences were compared by the Mann−Whitney U test. The Kaplan−Meier method was adopted to draw survival curves, and the log-rank test was used for univariate analysis of the clinicopathological factors associated with OS. Factors showing statistically significant differences in univariate analysis were included in multivariate Cox regression analysis, to determine the independent risk factors affecting the prognosis of patients. P<0.05 was considered to indicate statistical significance. All statistical analyses were performed by using IBM SPSS Statistics (version 26.0, IBM Corp).




Results


The baseline data

As shown in Figure 1, 124 people with DCC who received PD were enrolled in the study. Nineteen patients were excluded because of incomplete baseline or follow-up data, and the remaining 105 patients were divided into two cohorts (45 in LPD and 60 in OPD). Covariates such as sex, age, BMI, comorbidities, ASA, TNM stage, and preoperative tumor markers were included in the 1:1 PSM analysis. After PSM analysis, 30 LPD patients (66.7%) and 30 OPD patients (50.0%) were matched. Baseline characteristics were equilibrated to reduce the impact of confounding factors between the two groups of patients on the study.




Figure 1 | Flow chart of patient selection.



The mean age was 65.3 ± 7.7 years in the LPD group and 63.1 ± 9.9 years in the OPD group (P=0.232). The proportion of male patients was 82.2% in the LPD group and 48.3% in the OPD group (P=0.804). There was no statistical significance before and after PSM (P>0.05). The two teams had similarities in BMI and comorbidities. Furthermore, there was no statistical significance in total bilirubin, platelet, NLR, SIII or preoperative cancer biomarkers including CA19-9, CA125 and CEA, between the two groups, as detailed in Table 1.


Table 1 | Comparisons of patients’ clinicopathologic characteristics between patients with DCC underwent LPD and OPD before and after propensity score matching.





Clinicopathological and postoperative characteristics

As demonstrated in Table 2, the intraoperative bleeding in the LPD group was less than that in the OPD group (mean, 292.67 vs. 519.17 mL, P=0.002), and less intraoperative blood transfusion was required (mean, 591.67 vs. 880.00 mL, P=0.033). Although the LPD group had more harvested lymph nodes in the original cohort (mean, 14.58 vs. 10.20, P=0.01), there was no statistical significance after PSM analysis (mean, 14.3 vs. 9.93, P=0.076). Other surgical results and pathological features, such as lymphatic metastasis, R0 resection and AJCC TNM stage, were not significantly different between the two matched groups.


Table 2 | Comparisons of clinical outcomes between patients with LPD and OPD before and after propensity score matching.



As two sets of postoperative data showed, there was no statistical significance in hospitalization time after operation, DGE, CR-POPF or intra-abdominal infection between the two teams (P>0.05).



Survival analysis

Patients who underwent PD from 2010 to 2021 (n=105) were included in the survival analysis. Comparing the tumor prognosis of the two groups, the LPD group had a lower mortality during the follow-up (31.1 vs. 75.0%, P<0.001) and showed preferable results in OS analysis (LPD vs. OPD, 56.4[46.2-66.5] vs. 48.9[36.4-61.4], months, P=0. 01) (Figure 2A). After PSM analysis, the difference in mortality during the follow-up period was still marked (8.3 vs. 73.3%, P<0.001), and the OS benefit of LPD was still superior to that of OPD (LPD vs. OPD, 67.9[58.2-77.6] vs. 47.4[31.4-67.5], months, P=0. 002) (Figure 2B).




Figure 2 | Kaplan-Meier curves of overall survival between patients with OPD and LPD. (A) Kaplan-Meier curves of overall survival between patients with OPD and LPD in the original cohort. (B) Kaplan-Meier curves of overall survival between patients with OPD and LPD in the PSM cohort.





Univariate analysis of prognosis

Univariate Cox regression analysis indicated that the surgical approach was a predictor of overall survival (HR=0.463[0.253-0.847], P=0.012). Other OS-related factors included CA19-9 (HR=2.561[1.030-6.369], P=0.043), CEA (HR=4.095[1.639-10.232], P=0.003), NLR (HR=2.885[1.258-6.620], P=0.012), blood transfusion (HR=1.768[1.053-2.967], P=0.031), CR-POPF (HR=0.249[0.124-0.500], P<0.001), and lymphatic metastasis (HR=1.170[1.052-1.302], P=0.004). Sex, BMI, complications and abdominal infection were not important prognostic factors (Table 3).


Table 3 | Independent prognostic factors of OS by Cox-regression analysis of the whole cohort before and after the PSM.





Multivariate analysis of predictors

The OS-related factors with a P value less than 0.1 in the univariate analysis were included in the multivariate analysis, which indicated that age, surgical method, blood transfusion, CR-POPF and NLR were no longer prognostic factors. CA19-9 (HR=2.928[1.401-21.354], P=0.048), CEA (HR=9.404[2.240-39.196], P=0.031) and lymphatic metastasis (HR=1.822[1.203-3.321], P=0.023) were still markedly related to OS, while postoperative adjuvant chemotherapy had no significant influence on OS (P=0.343) (Table 3).




Discussion

DCC is highly malignant and prone to lymphatic metastasis or nerve infiltration, and the prognosis is poor (4). At present, PD is the sole feasible and effective method for the treatment of resectable DCC. To reach the purpose of radical resection, lymph nodes need to be carefully cleaned to ensure R0 resection in PD (23). With the continuous progress of surgical technology, LPD has become a routine procedure in some pancreatic centers in recent years (24). Some studies have reported that LPD has a shorter hospital stay and rapid postoperative recovery and is not inferior to OPD in short-term oncology results (25, 26). However, there are still few studies on the treatment of DCC with LPD and OPD. This study found that the LPD group achieved similar clinical outcomes in terms of surgical safety and radical effects, and the LPD group had better long-term survival than OPD.

The incidence of total complications following LPD and OPD was reported to be comparable. In the LPD group and the OPD group, the incidence of CR-POPF was 18.02% and 18.73%, respectively, while the incidence of intra-abdominal infection was 10% and 11% (15, 27). Our study indicated that the average intraoperative bleeding volume in the LPD group was less than that in the OPD group (mean, 292.67 vs. 519. 17 mL, P=0.002), and fewer intraoperative blood transfusions were required (mean, 591.67 vs. 880. 00 mL, P=0.033). This may be due to laparoscopic amplification and clearer vision; thus, the intraoperative vascular exposure could be conducted, and intraoperative bleeding could be managed more clearly and precisely. The data in this study showed that the rate of CR-POPF in the LPD group and the OPD group was 22.2% and 23.3%, respectively, and the incidence of intra-abdominal infection was 15.6% and 10.0%, respectively. There was no statistical significance (P>0.05) and similar to the results reported in the literature, indicating that LPD can achieve short-term efficacy similar to OPD for DCC.

In addition, to achieve the consequence of radical resection, R0 resection is required (23). There was no statistical significance in R0 resection between LPD and OPD (91.1% vs. 93.3%, P=0.675). It is shown that LPD and OPD can achieve similar results in R0 resection, and it is consistent with Boggi et al. ‘‘s report that the R0 resection rate of LPD for tumors can reach 73%~100%. As distal cholangiocarcinoma is prone to lymphatic metastasis, it is widely accepted that lymphatic metastasis is an independent risk factor affecting the prognosis of DCC patients (28). In this research, we also found that lymphatic metastasis was a prognostic factor for the OS of DCC patients (P<0.05). Although research has pointed out that lymphatic metastasis and harvested lymph nodes are prognostic factors for DCC (29), there are still few studies on the relationship between harvested lymph node number and the long-term survival of DCC. In our study, although the LPD group had more harvested lymph nodes in the original cohort (mean, 14.58 vs. 10.20, P=0.01), there was no statistical significance after PSM analysis (mean, 14.3 vs. 9.93, P=0.076). This reveals that the two teams are similar in technical feasibility.

Several studies have shown that LPD and OPD have similar long-term survival rates in the treatment of pancreatic and periampullary cancers (15, 27). A recently published paper showed that there was no significant difference in long-term survival between LPD and OPD in DCC (30). In contrast, our research revealed that the prognosis for LPD was improved. Comparing the potential causes of the different outcomes, although there was no statistically significant difference after PSM, LPD harvested more lymph nodes in the initial cohort, which may be worthy of further study. Second, research has demonstrated that blood transfusions have an impact on PD patients’ long-term survival after surgery (31). Our results supported this finding and showed that LPD patients receive fewer blood transfusions, which may help improve the prognosis for LPD patients.

Many studies have focused upon the adjuvant treatment of DCC (32, 33) because the tumor heterogeneity of DCC leads to poor targeted therapy for this disease. At present, the use of gemcitabine combined with platinum drugs is generally accepted internationally, and the existence of positive lymph is an indication of adjuvant therapy (34, 35). We found that adjuvant therapy was not a predictor of OS, and the proportion of postoperative adjuvant therapy in DCC patients was 34.3%, which was lower than the international average (36). The negative results might be due to the limited numbers of samples who received postoperative adjuvant therapy in the research, and multicenter studies on DCC adjuvant therapy after PD are expected.

The study still has some limitations. First, this is a single-center, small-sample retrospective study and may inevitably involve residual confounding factors. Second, because patients do not receive unified treatment, there may be disunity factors that affect the survival of patients. To provide a clearer conclusion on the LPD of DCC, a massive prospective randomized controlled trial is needed. Hopefully soon, we can conduct a multicenter randomized trial.

In summary, compared with OPD, LPD significantly reduced intraoperative bleeding volume and blood transfusion in DCC treatment and showed a similar postoperative complication rate. With better long-term survival outcomes than OPD, LPD can be a preferred surgical option for DCC patients.
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