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Department of Surgery, Division of Hepatobiliary and Pancreatic Surgery, Mayo Clinic, Rochester
Mayo Clinic, Rochester
200 First St. SW
Rochester, MN 55905, USA
Dear IHPBA Community,
I am sincerely grateful to the IHPBA Research Committee for selecting me as the recipient of the Kenneth Warren Fellowship for the 2023/2024 term. This incredible opportunity has provided me with the chance to dedicate an entire year to research at Mayo Clinic, Rochester under the guidance of my highly esteemed mentor Patrick Starlinger. This fellowship represents a truly life-changing opportunity, and I am deeply appreciative of the support and recognition extended to me.

6-months report:
Thus far, our investigation has encompassed the evaluation of a subset of 180 circulating metabolites perioperatively in 90 patients who underwent hepatic resections for various malignancies, including colorectal carcinoma liver metastasis, hepatocellular carcinoma, and cholangiocarcinoma. This diverse cohort enabled us to scrutinize alterations associated with different stages of underlying liver parenchymal damage. Among these metabolites, we identified a notable decrease in circulating plasma levels of Carnosine and Spermidine, strongly correlated with the onset of post-hepatectomy liver failure (PHLF) (AUC of 0.74). Intriguingly, a significant reduction in both metabolites was observed just 2 hours after the induction of liver regeneration in patients who subsequently developed PHLF. Prior research has outlined the beneficial effects of Carnosine and Spermidine in models of toxic liver damage and non-alcoholic steatohepatitis (NASH) by modulating oxidative stress and metabolism. 
Metabolic liver pathologies such as NASH, are becoming increasingly prevalent in our patient population. We aimed to employ a mouse model replicating this condition using a "western diet" regimen consisting of high-fat, high-sugar diet over six months. This model reflects the slow progression and metabolic features characteristic of human NASH. Consequently, our focus shifted towards investigating the effects of Carnosine and Spermidine supplementation on liver regeneration after partial hepatectomy in vivo.
We initiated our study by establishing a partial hepatectomy mouse model, entailing a 70% liver resection. Given the heightened frailty observed in 8-month-old mice, particularly those with the NASH phenotype, extensive liver resections posed significant challenges. Therefore, meticulous attention to anesthesia duration and perioperative care became paramount for optimizing survival outcomes. To mitigate perioperative mortality, we dedicated considerable effort to rigorous training in our surgical procedures.

During this experimental phase, we successfully determined the treatment regimen to be employed in subsequent stages, delineating both the timing and dosage parameters.
Moreover, we broadened the scope of our study by incorporating an arm to explore the impact of pharmacological intervention targeting the YAP/Hippo signaling pathway. This pathway plays a pivotal role in regulating regenerative processes through transcriptional and posttranslational modifications, instrumental in orchestrating metabolic changes during liver regeneration.
Upon further analysis of our patients' metabolomics data, we discovered a significant postoperative reduction in circulating phospholipid species, particularly in cases of PHLF. This decline in phospholipids is linked to impaired mitochondrial function and autophagy, both of which play crucial roles in antioxidative capacity and lipid metabolism during liver regeneration and are known to be compromised in NASH. These findings reinforce our previous report, underscoring the significant alterations in lipid metabolism linked to impaired liver regeneration. They also lend support to our hypothesis of enhancing liver regeneration through the supplementation of Carnosine and Spermidine.

As we eagerly await the data from our NASH partial hepatectomy model, I've been actively involved in establishing and refining a retrospective clinical database. This database encompasses information from over 500 patients who underwent liver resections for neuroendocrine tumor liver metastasis at Mayo Clinic over the past two decades.
Leveraging this rich dataset, I've successfully drafted and submitted two manuscripts, both of which are currently undergoing revision. The first manuscript investigates the effectiveness of cytoreductive hepatectomy in treating 32 cases of neuroendocrine tumor liver metastasis where the primary tumor location is unknown. Our findings challenge the common belief that this entity is afflicted with poor long-term outcomes. Instead, we provide compelling evidence supporting cytoreductive hepatectomy as a valuable treatment option.
In the second study, we conducted a comprehensive analysis of outcomes among more than 280 patients who underwent liver debulking for non-functional small bowel neuroendocrine tumor liver metastasis, comparing them with patients diagnosed with Carcinoid syndrome. Our research highlights a discernible difference in prognosis, particularly emphasizing a worse prognosis for functionally active tumors.

In the coming six months, our agenda involves investigating the impact of Carnosine and Spermidine on liver regeneration following partial hepatectomy in our NASH mouse model, which is expected to reach maturity by March 2024.
In parallel, I intend to initiate an additional project aimed at investigating the predictive potential of a specific circulating plasma microRNA signature in patients listed for liver transplantation, particularly in predicting short-term survival while on the transplant waitlist. 
Furthermore, I will continue to analyze retrospective data on patients undergoing liver resections for neuroendocrine tumor liver metastasis.
As I reflect on the past six months, I am overwhelmed with gratitude for the opportunity afforded to me through the Kenneth Warren Fellowship, enabling me to work in such a prestigious research environment. This fellowship, generously provided, has allowed me to join a community of individuals dedicated to making a real difference in the world and laying the foundation for the future of HPB surgery. It is an honor to be a recipient of this support, and I am proud to contribute to our collective mission.

I am looking forward to see you in South Africa,

Markus Ammann

