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Objective

The purpose of this study is to investigate potential associations between osteopenia, osteosarcopenia, and postoperative outcomes in patients with hepatobiliary-pancreatic cancer (HBPC).





Methods

Three online databases, including Embase, PubMed, and the Cochrane Library, were thoroughly searched for literature describing the relationship between osteopenia, osteosarcopenia, and outcomes of surgical treatment of HBPC patients from the start of each database to September 29, 2023. The Newcastle-Ottawa Scale was used to rate the quality of the studies.





Results

This analysis included a total of 16 articles with a combined patient cohort of 2,599 individuals. The results demonstrated that HBPC patients with osteopenia had significantly inferior OS (HR: 2.27, 95% CI: 1.70-3.03, p < 0.001) and RFS (HR: 1.96, 95% CI: 1.42-2.71, p < 0.001) compared to those without osteopenia. Subgroup analysis demonstrated that these findings were consistent across univariate and multivariate analyses, as well as hepatocellular carcinoma, biliary tract cancer, and pancreatic cancer. The risk of postoperative major complications was significantly higher in patients with osteopenia compared to those without osteopenia (OR: 1.66, 95% CI: 1.19-2.33, p < 0.001). Besides, we also found that the presence of osteosarcopenia in HBPC patients was significantly related to poorer OS (HR: 3.31, 95% CI: 2.00-5.48, p < 0.001) and PFS (HR: 2.50, 95% CI: 1.62-3.84, p < 0.001) in comparison to those without osteosarcopenia.





Conclusion

Preoperative osteopenia and osteosarcopenia can predict poorer OS and RFS with HBPC after surgery.
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1 Introduction

Hepatobiliary-pancreatic cancer (HBPC) includes pancreatic cancer (PC), gallbladder cancer, biliary tract cancer (BTC), and liver cancer (1–3). In 2018, an estimated 1.85 million novel instances of HBPC were diagnosed on a global scale. This accounted for 10% of the total count of freshly documented malignancies, thereby exerting substantial economic pressures (4, 5). The absence of early symptoms and reliable diagnostic markers often leads patients to present at an advanced stage, severely limiting available treatment options (6, 7). Although surgical intervention persists as the solitary potential curative recourse for individuals afflicted by HBPC, a substantial proportion of patients receive a belated diagnosis, rendering them ineligible for surgical interventions. Consequently, the 5-year survival rate for those with resectable tumors remains conspicuously modest (6, 7). The persistence of tumor recurrence and a diminished postoperative survival rate continues to pose substantial impediments in the management of HBPC patients. In order to refine the preoperative identification of suitable surgical candidates and optimize the trade-off between surgical risks and anticipated survival gains, it becomes imperative to discern innovative risk factors associated with unfavorable clinical outcomes.

Though not as profound as in osteoporosis, osteopenia is marked by a reduced bone mineral density (BMD) in comparison to the standard (8). Dual-energy X-ray absorptiometry (DXA) remains the conventional method for BMD assessment; however, a prevailing shift is observed towards employing computed tomography (CT) scan-derived attenuation values to ascertain BMD levels. This is particularly prevalent in oncological patients, as CT scans are commonly used for preoperative evaluation or postoperative recurrence monitoring in such patients (9). About 80% of elderly cancer patients had osteopenia or osteoporosis, according to a recent study (10). Furthermore, it’s common for sarcopenia and osteopenia to co-occur in older adults (11). Osteosarcopenia, characterized by the concurrent presence of osteopenia and sarcopenia, represents a relatively recent conceptualization (12). Several systematic reviews have elucidated the impact of sarcopenia, encompassing diminished muscle quantity and quality, on postoperative outcomes following hepatobiliary-pancreatic surgeries (13–15). However, the impact of preoperative osteopenia or osteosarcopenia on postoperative outcomes for hepatobiliary-pancreatic cancer surgery remains controversial.

Consequently, the primary objective of this study was to evaluate the prognostic significance of preoperative osteopenia or osteosarcopenia in HBPC patients subjected to surgical resection.




2 Methods



2.1 Search strategy

Commencing on September 29, 2023, a computerized search of various bibliographic databases, including EMBASE, Cochrane Library, and PubMed, was initiated. This comprehensive search utilized specific terms such as “Carcinoma, Pancreatic Ductal” [Mesh], “Pancreatic Neoplasms” [Mesh], “Cholangiocarcinoma” [Mesh], “Gallbladder Neoplasms” [Mesh], “Pancreatic Intraductal Neoplasms” [Mesh], “Bile Duct Neoplasms” [Mesh], “Liver Neoplasms” [Mesh], “Carcinoma, Hepatocellular” [Mesh], “Biliary Tract Neoplasms” [Mesh], “Bone Density” [Mesh], “Osteosarcopenia” [Title/Abstract], “Osteopenia” [Title/Abstract], among others. This search was limited to studies conducted in the English language involving human subjects. For a more detailed insight into our search strategy, we refer readers to Supplementary Material 1. Furthermore, we conducted supplementary searches in grey literature using Google Scholar and performed a manual examination of the reference lists from qualifying studies. Following the protocols established by the Cochrane collaboration, the results from both manual and electronic sources were consolidated using the Covidence software to facilitate effective data management.




2.2 Inclusion and exclusion criteria

We have defined a predefined set of inclusion and exclusion criteria for the selection of articles. The inclusion criteria encompassed the following aspects: (i) Inclusion of articles centered on patients with a diagnosis of HBPC. (ii) Investigation of the prognostic value of the baseline of preoperative osteopenia and osteosarcopenia. (iii) The presence of at least one among the designated endpoints, including overall survival (OS), recurrence-free survival (RFS), or postoperative major complications (Clavien-Dindo grade ≥ III). Conversely, exclusion criteria consisted of: (i) Research of alternative typologies, such as animal studies, reviews, case reports, or conference abstracts. (ii) Research projects wherein the essential data required for hazard ratio (HR) or odds ratio (OR) computation regarding the designated endpoints was notably absent from both the textual content and the publicly accessible records. In cases where multiple studies contained overlapping cohorts of patients, priority was given to articles that presented comprehensive data and adhered to rigorous methodological standards (16).




2.3 Data extraction and quality assessment

During the process of data extraction, we systematically and comprehensively gathered essential information. This encompassed a wide range of details, including the author, publication year, study characteristics (region, period, and design), treatment, cancer type, demographic characteristics (such as sample size and gender distribution), outcome, the assessment of method and site, and the cut-off points. HR, OR, and their respective 95% confidence intervals (CIs) are predominantly sourced from multivariate analysis. In situations where such statistical values were not available, we either turned to univariate analysis or employed the Engauge Digitizer software to extract data from survival analysis graphs. In evaluating the caliber of the observational studies, we employed the Newcastle-Ottawa Scale (NOS) score. Studies that achieved a score of six points or higher were considered to be of high quality. It is worth highlighting that each stage of this procedure, encompassing literature retrieval, filtration, data acquisition, and evaluation of quality, underwent comprehensive and autonomous execution by a trio of investigators. In cases of disparities or contentions, such issues were referred to the senior author for adjudication.




2.4 Statistical methods

In this study, Stata 15.0 software was utilized for the purpose of statistical analysis. The data presentation was executed using forest plots. To gauge the presence of heterogeneity within the dataset, we employed both Cochran’s Q test and I2 statistics. Either “P-value < 0.1” or “I2 value > 50%” was considered statistically significant heterogeneity. In cases of significant heterogeneity, we adopted a random-effects model, employing the DerSimonian-Laird method. Conversely, in the absence of significant heterogeneity, we adopted a fixed-effect model with the Inverse Variance method. We also conducted an assessment of potential publication bias, utilizing both Begg’s test (17) and Egger’s test (18). In order to evaluate the robustness of our observations, a sensitivity analysis was systematically executed, entailing the methodical exclusion of each individual study. Furthermore, we conducted subgroup analyses, taking into account factors such as Cox regression analysis, cancer type, and cut-off.





3 Results



3.1 Literature assessment and selective inclusion of studies

Figure 1 visually presents the results, as shown in the PRISMA flow diagram. In the preliminary stage, a cumulative sum of 623 research papers was discerned by means of database queries in conjunction with manual exploration. After removing duplicate entries, 515 distinct articles remained. A thorough review of the titles and abstracts led to the exclusion of 486 articles that did not meet the eligibility criteria. From the remaining pool, 29 articles underwent a comprehensive full-text review, resulting in the inclusion of 16 studies that met the established criteria for analysis (8, 19–35).




Figure 1 | The flow diagram of identifying eligible studies.






3.2 Study characteristics

Table 1 provides an overview of the key characteristics of the studies included in this analysis. A total of 2,599 patients were enrolled in the research, with 65.81% being male. Geographically, thirteen studies were conducted in Japan, two in USA, and one in the Germany. These studies exhibited diversity in terms of the specific types of HBPC they enrolled. Five studies focused on patients with hepatocellular carcinoma (HCC), six on BTC, and five on PC. Fifteen studies used CT scans to measure BMD at the 11th thoracic vertebra to diagnose osteoporosis. Six studies defined osteopenia as an actual BMD lower than the calculated standardized BMD (308.82-2.49×age in men and 311.84-2.41×age in women). In five studies, patients with BMD < 160 HU were considered to have osteopenia. Furthermore, the 16 cohorts received NOS scores ranging from 6 to 8 (Table 1).


Table 1 | Main characteristics of the studies included.






3.3 Association of osteopenia with overall survival

In total, 16 studies investigated the impact of preoperative osteopenia on the OS of patients with HBPC, encompassing 2,599 individuals. We applied a random-effects model due to significant heterogeneity, as indicated by Cochran’s Q test and I2 statistics (I2 = 72.8%, p < 0.001). Our study revealed that individuals diagnosed with osteopenia exhibited significantly worse OS (HR: 2.27, 95% CI: 1.70-3.03, p < 0.001, Figure 2) in contrast to those devoid of osteopenia.




Figure 2 | Forest plots of the relationship between osteopenia and overall survival. HR, hazard ratio; CI, confidence interval.



We performed subgroup analysis based on Cox regression analysis, cancer type, and cut-off values (Table 2). Both univariate and multivariate analyses consistently supported that osteoporosis predicted shorter OS (multivariate analyses, HR: 2.46, 95% CI: 1.79-3.37, p < 0.001; univariate analyses, HR: 2.06, 95% CI: 1.40-2.80, p < 0.001), reaffirming the robustness of our research findings. Subgroup examination, stratified by cancer classifications, demonstrated that for individuals afflicted with HCC (HR: 2.31, 95% CI: 1.63-3.25, p < 0.001), BTC (HR: 2.75, 95% CI: 2.03-3.72, p < 0.001), and PC (HR: 1.76, 95% CI: 1.05-2.95, p = 0.031), the presence of osteopenia was associated with markedly diminished OS (Table 2). Furthermore, it is noteworthy that the adverse impact on overall survival attributed to osteopenia persisted, irrespective of whether the diagnostic criterion applied was a 160 HU cut-off or age-adjusted BMD.


Table 2 | Subgroup analysis of the association between osteopenia and the outcomes for hepatobiliary-pancreatic cancers.






3.4 Preoperative osteopenia and recurrence-free survival

Eleven studies, involving 1556 patients, examined the relationship between osteopenia and RFS in HBPC patients. Due to significant heterogeneity among the studies (I2 = 75.6%, p < 0.001), a random-effects model was employed. The pooled analysis revealed a markedly shortened RFS in HPBC patients suffering from osteopenia (HR: 1.96, 95% CI: 1.42-2.71, p < 0.001, Figure 3A).




Figure 3 | Forest plots of the relationship between osteopenia and recurrence-free survival (A) and postoperative major complications (B). HR, hazard ratio; OR, odds ratio; CI, confidence interval.



The results of both univariate and multivariate analyses substantiate the reliability of our research findings, which consistently supported the prediction of shorter RFS by osteopenia (multivariate analyses, HR: 2.64, 95% CI: 1.87-3.72, p < 0.001; univariate analyses, HR: 1.68, 95% CI: 1.14-2.48, p = 0.009; Table 2). Subgroup analysis by cancer type indicated that osteopenia significantly predicted worse RFS in patients with HCC (HR: 1.72, 95% CI: 1.21-2.45, p = 0.003) and BTC (HR: 2.61, 95% CI: 1.93-3.51, p < 0.001; Table 2). Nevertheless, in the case of PC, a tendency towards reduced RFS was observed among osteopenia patients; however, this trend did not attain statistical significance (HR: 1.56, 95% CI: 0.93-2.62, p = 0.090; Table 2). Considering that only four PC studies were included, a larger number of studies are needed to further confirm the relationship between osteopenia and the prognosis of patients treated with surgery for PC. Moreover, irrespective of the criteria employed to diagnose osteopenia, be it through the application of a threshold of 160 HU or the utilization of age-adjusted BMD, a consistent and robust correlation was observed with a poorer RFS outcome.




3.5 Baseline osteopenia and postoperative major complications

This analysis, depicted in Figure 3B, assesses the influence of osteopenia on the incidence of major postoperative complications. A low level of heterogeneity was observed, as indicated by the I2 value (I2 = 25.5, p = 0.243), prompting the utilization of a fixed-effects model. The results demonstrated a pooled OR of 1.66 (95% CI: 1.19-2.33) based on six studies encompassing 1135 patients. This signifies a statistically significant elevation in the risk of major postoperative complications among individuals with osteopenia in comparison to those without this condition.




3.6 Sensitivity analysis and publication bias test for osteopenia and related outcomes

Sensitivity analysis and investigations of publication bias were conducted to assess the robustness of the association between osteopenia and survival outcomes. The exclusion of individual studies did not exert a significant impact on pooled HR for OS, which ranged from 2.07 (95% CI: 1.59-2.71, post-exclusion of Abe K et al., 2021) to 2.43 (95% CI: 1.78-3.32, post-exclusion of Abe T et al., 2021, Figure 4). Similarly, for RFS, the HR exhibited minimal variations, ranging from 1.83 (95% CI: 1.33-2.51, post-exclusion of Yao et al., 2019) to 2.12 (95% CI: 1.46-3.06, after excluding Abe T et al., 2021, Figure 5A).




Figure 4 | Sensitivity analysis of the association between osteopenia and overall survival. CI, confidence interval.






Figure 5 | Sensitivity analysis of the association between osteopenia and recurrence-free survival (A) and postoperative major complications (B). CI, confidence interval.



The possibility of publication bias was assessed using Begg’s and Egger’s tests. Notably, the results of these tests did not indicate any significant publication bias for RFS (Egger’s test: p = 0.533, Begg’s test: p = 0.108). However, the funnel plot, Begg’s and Egger’s tests confirmed a significant publication bias in the case of osteopenia and OS (Egger’s test: p = 0.001, Begg’s test: p = 0.017, Supplementary Figure S1A). To address this issue, we employed the trim and fill method, a valuable tool for estimating the number of potentially missing studies in OS. The results of this analysis indicated that even after incorporating these potentially missing studies, there was no discernible alteration in the pooled HR for OS (Supplementary Figure S1B).

In a similar vein, sensitivity analysis and assessment of publication bias have been employed to investigate the stability and reliability of the connection between osteopenia and postoperative major complications. The OR of the primary analysis remained unaltered upon the exclusion of any individual study (Figure 5B). Rigorous scrutiny through Egger’s and Begg’s tests affirmed the absence of notable publication bias (Egger’s test: p = 0.325, Begg’s test: p = 0.452).




3.7 Relationship of osteosarcopenia with overall and recurrence-free survival

A total of four studies, involving 671 patients, were included in this analysis, examining the impact of preoperative osteosarcopenia on OS or RFS in HBPC patients. Notably, there was significant heterogeneity among the included studies (OS: I2 = 64.2%, p = 0.039; RFS: I2 = 70.7%, p = 0.017), so a random-effects model was employed. Our findings demonstrated that patients with osteosarcopenia had significantly inferior OS (HR: 3.31, 95% CI: 2.00-5.48, p < 0.001, Figure 6A) and RFS (HR: 2.50, 95% CI: 1.62-3.84, p < 0.001, Figure 6B) compared to those without osteosarcopenia.




Figure 6 | Forest plots of the relationship between osteosarcopenia and overall survival (A) and recurrence-free survival (B). HR, hazard ratio; CI, confidence interval.



Sensitivity analyses and publication bias tests for the correlation between osteosarcopenia and OS as well as RFS revealed that the exclusion of any single study did not exert a substantial impact on the pooled results, and no indications of publication bias were detected (Supplementary Figure S2). As elucidated above, our findings exhibit robustness and reliability.





4 Discussion

In this investigation, we have gathered evidence from 18 studies indicating a significant correlation between osteopenia and osteosarcopenia with lower OS and RFS in surgically treated HBPC patients. Furthermore, patients afflicted with osteopenia displayed a considerably elevated incidence of postoperative complications.

The etiology of osteopenia in cancer patients is complicated, encompassing age-related factors alongside osteoporotic contributors induced by cancer treatments (36). Inflammation serves as a hallmark of cancer, fostering accelerated osteopenia (37). Several elements, including prostaglandin E2 and cyclooxygenase, have been identified as contributors to cancer-related inflammation, which accelerates the degradation of bone density (38). Lifestyle factors commonly observed in malignancy, such as fatigue, sedentary behavior, inadequate calcium intake, weight loss, fragility, and malnutrition, are known to exacerbate rapid bone loss in cancer patients. Additionally, reduced mechanical loading, which is often caused by cancer-induced fatigue and sedentary behavior, also contributes to the development of osteopenia (39, 40).

Pereira et al. demonstrated a substantial correlation between pre-sarcopenia, as defined by the European Working Group on Sarcopenia in Older People (41), and abnormal BMD (11). Osteopenia is regarded as the initial indicator within the spectrum known as bone loss-sarcopenia-frailty (19, 20). As previously elucidated, sarcopenia has been associated with an adverse prognosis in patients following hepatobiliary and pancreatic surgery (13–15). Our study affirms that the prognosis of surgical patients can be determined by assessing osteopenia before the development of sarcopenia.

The reasons for the adverse postoperative outcomes observed in patients with HBPC suffering from osteopenia remain obscure. Osteopenia and sarcopenia represent inherent components of the aging trajectory, rendering individuals more susceptible to falls, fractures, and overall frailty, particularly prevalent in the elderly population (42). One inevitable outcome of the aging process is the emergence of weakness. In clinical practice, frailty is used to categorize cancer patients who are at risk for unfavorable prognoses, as well as to identify those individuals who may experience early morbidity and death following cancer treatment (43).

The influence of osteopenia on prognostic outcomes may be intricately linked to immune function. Recent research has probed the potential interaction between the skeletal system and the immune system, commonly referred to as “osteoimmunology” (20). In the realm of sarcopenia, NF-κB stands out as a pivotal molecular actor (44). The ligand for the receptor activator of NF-κB (RANK) initiates the process of osteoclastogenesis, ultimately culminating in osteopenia, with osteoprotegerin acting as its inhibitor (45). Remarkably, RANK is also expressed in the skeletal muscle. In this scenario, activation of the NF-κB pathway predominantly impedes myogenic differentiation, thereby leading to skeletal muscle dysfunction or degeneration, which is one of the hallmarks of sarcopenia (46, 47). Furthermore, NF-κB also promotes cancer cell migration and invasion by upregulating Snail expression, subsequently suppressing E-cadherin (48).

Our investigation further demonstrates an association between osteosarcopenia and an unfavorable prognosis in HBPC patients undergoing surgery. CD109, an inositol-anchored glycoprotein expressed in numerous cancers, emerges as one of the regulatory factors governing bone homeostasis (49). CD109 is implicated in promoting cancer cell proliferation (50) and metastasis through the JAK/STAT signaling pathway (51). Simultaneously, CD109 also plays a role in regulating the activity of osteoclasts and osteoblasts (49). Evidence indicates that the expression of microRNA-188 modulates histone deacetylase 9 and mTOR complex 2, mTOR-independently associated regulatory proteins, which may manifest as increased fat accumulation within the bone marrow and diminished bone formation (51). Ultimately, this fat accumulation contributes to osteopenia (51). Sarcopenia is also associated with the levels of interleukin (IL)-23 (52) and tumor necrosis factor (TNF)-α (53). Dendritic cell-produced IL-23 also activates T helper 17 cells, which aids in the development of tumors (54). TNF-α activates the signal transducer and activator of transcription 3 and NF-kB, promoting cancer growth (55). Studies indicate that these variables influence the development of tumors and sarcopenia. Osteosarcopenia may be influenced by the progression of cancer, where cholestasis induced by biliary malignancy reduces the absorption of vitamin K and causes bone resorption (56). As previously delineated, the molecular processes linking osteopenia and sarcopenia to cancer are different. Osteosarcopenia represents a confluence of osteopenia and sarcopenia, potentially heralding the advanced debility of cancer patients. We reveal that preoperative osteopenia and osteosarcopenia have the potential to lead to poorer OS and RFS in HBPC patients undergoing surgery. Therefore, clinicians should assess bone density and intervene to maximize the benefit to patients when conducting surgical treatment. Our findings highlight the importance of preoperative interventions aimed at preserving bone density, which have the potential to improve patient prognosis.

Currently, several therapeutic approaches, including exercise and anti-osteoporotic pharmaceuticals (denosumab, teriparatide, and bisphosphonates), branched-chain amino acids, vitamin D, calcium, and symbiotics, are available to enhance bone mass and prevent fractures in patients with osteoporosis (57–59). Although it may take time for these interventions to result in BMD, reversing the preoperative osteopenia condition may help to improve the postoperative prognosis.

The present analysis exhibits certain constraints. Firstly, the number of studies concerning osteosarcopenia is limited, and there is an insufficient volume of research dedicated to exploring the impact of osteosarcopenia on major postoperative complications. Secondly, there was some heterogeneity among the included studies, and the diagnostic criteria for osteopenia were not completely consistent. However, our publication bias test and sensitivity analysis proved that the results were stable and reliable. Finally, the cut-off values for the same diagnostic metric differed among distinct studies. Hence, to attain more reliable conclusions, there is an urgent requirement for a worldwide, multicenter investigation to explore the impact of osteopenia on HBPC patients’ prognosis.




5 Conclusion

In summary, preoperative osteopenia and osteosarcopenia have the potential to forecast poorer OS and RFS for HBPC patients undergoing surgery. Our findings underscore the importance of preoperative interventions aimed at preserving bone density, which could potentially improve patient prognosis.
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Supplementary Figure 1 | (A) Funnel plots of the relationship between osteopenia and overall survival; These two diagonal lines are the confidence intervals for the funnel plot; the vertical line in the middle represents the combined HR values, and when unbiased (ideally), the individual studies should be equally distributed on both sides of the vertical line in an inverted funnel shape. (B) The picture of the trim-and-fill method. Theta, the effect estimate; Se_theta, the corresponding standard error; The circles represent the studies included in this meta-analysis; Boxes with circles represent additional studies of the trim and fill method.

Supplementary Figure 2 | Sensitivity analysis of the association between osteosarcopenia and overall survival (A) and recurrence-free survival (B). CI, confidence interval.
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