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I	
	

Abstract 

Background: Associating liver partition with portal vein ligation for staged-hepatectomy 

(ALPPS) is a technique for inducing accelerated hypertrophy in patients with insufficient 

future liver remnant (FLR). It remains unknown whether this hypertrophy may lead to rapid 

cancer cell dissemination and/or alteration of immune cell/function reconstitution in the 

FLR. We aimed to determine if the rapid hypertrophy during ALPPS procedure results in 

more circulating tumour cell (CTCs) dissemination and whether the FLR remains 

immunologically competent in patients with CRLM.   

Methods:  In our prospective, observational, 2-arm study, we assessed the utility of CTCs 

as an evaluation tool for disease dissemination. Moreover, mucosa-associated invariant T 

(MAIT) cells were used as a marker of liver immune competency of the FLR in patients 

undergoing to ALPPS (Arm-1) or single stage liver resection (Arm-2; control) from July 

2015-June 2016. Blood samples and liver tissue were collected at different time points. 

CTCs were measured by the CellSearch System. CTC positivity was defined as > 1 CTCs 

in a 7.5-ml blood sample. Frequency of MAIT cells were measured in both groups (blood, 

liver and tumour) using flow cytometry.  

Results Among 24 potential patients, 17 met the criteria and underwent curative hepatic 

resection: 7 in Arm-1 and 10 in Arm-2. Baseline demographics were similar between 

groups. In stage-1 ALPPS, CTCs were present in two patients (28.6%), one of whom 

continued to be positive after completion of both stages, whereas four patients (44.4%) in 

Arm-2 were positive, p=0.289. Patients with positive CTCs (one each-Arms) at follow up 

developed early recurrence and died, p=0.0083.  In addition, we found a trend towards an 

increase in MAIT cells within the liver in Arm-1 compared to Arm-2 (28 %vs17.42%; 

respectively), (p=0.067), and within the tumor (17.42%vs10.42%, respectively, p=0.308).  



II	
	

Conclusion: Accelerated and extensive liver hypertrophy during ALPPS was not 

associated with CTC dissemination. Persistent positivity of CTCs at follow-up was 

significantly associated with disease progression and cancer-related death. Presence and 

upward trend in the frequency of the MAIT cells in the ALPPS group suggest immune cell 

restoration in the FLR. Nevertheless, given the small sample size, a larger cohort is needed 

to validate these findings.  

Keywords: Circulating tumor cells (CTCs), Associating liver partition with portal vein 

ligation for staged hepatectomy (ALPPS), colorectal liver metastases (CRLM), CellSearch 

System, the mucosa-associated invariant T (MAIT) cells. 
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CHAPTER 1 

1. INTRODUCTION 

1.1. Colorectal Cancer Incidence 

Colorectal cancer (CRC) represents the third most common cancer world-wide with 

about ~1.4 million new cases in 2012 and the fourth leading cause of death, ~700,000 

annually (8.5%). (1,2) The countries with the highest incidence rates are Australia, New 

Zealand, Canada, the United States, and some countries in Europe such as the UK; whereas 

China, India, Africa, and South America have the lowest incidence. (1,3) In Canada,  CRC 

is the second most common type of cancer among males (13.9%), and the third most 

common type of cancer in females (11.5%), representing the third most common overall 

types of cancer (12.7%). (4) 

 

1.2. Colorectal Liver Metastases (CRLM) 

The liver is a common site for hematogenous metastases from CRC. (5–8) Up to a 

fifth of patients with primary colorectal carcinoma have synchronous hepatic metastases, 

and nearly half of  patients who undergo resection of their primary CRC will develop with 

will develop metachronous liver metastases at some time during the course of their 

disease.(9) 

 

1.3. Treatment 

1.3.1. Systemic Treatment for CRLM 

The outcome of untreated colorectal liver metastases (CRLM) has been well 

documented in the literature. (6,10) The median survival of untreated synchronous CRLM 

is just 5 to 10 months, and 3-year survival is very unusual, limited only to those patients 
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who initially have solitary liver metastases arising in a metachronous manner.(6) Over the 

past 3 decades, 5-fluoracil (5-FU) has been used either alone or in the combination with 

other regimens for the treatment of colorectal liver metastases. (6,11) The tumor response 

rates with 5-FU alone are reported to be 10-15%, and can reach up to 30-39% when 

Leucovorin (LV) is added. The median overall survival (OS) with 5-FU alone is reported 

to be ~12.6 months, improved to 14.8 months when combination therapy is used. (6,11) 

Currently, with the development and improvement of new chemotherapy regimens 

such as irinotecan (FOLFIRI) and oxaliplatin (FOLFOX), the tumour response rate has 

improved from 22% to ~ 50%, allowing these therapies to emerge as the first line regimen 

for treatment of stage IV colorectal cancer (CRC).(5,6,12) The overall survival outcomes 

reported using these regimens has been superior to single agent therapy (19.5 months versus 

15 months) (11) without a significant difference with respect to patient tolerance or toxicity. 

Overall survival following FOLFIRI and FOLFOX treatment is similar at 21.5 and 20.6 

months respectively. (11,13) The FOLFOX regimen is complicated by an elevated rate of 

neurotoxicity and neutropenia, while FOLFIRI therapy is associated with other symptoms 

such as nausea, vomiting, mucositis, and alopecia. (6,11) 

Other therapies have emerged to target growth factors or cell surface receptors 

involved in colorectal cancer liver metastases biology. These biological therapies might 

stabilize disease and improve patient disease-free survival by causing tumour necrosis. 

(11,12) Bevacizumab (Avastin), is a monoclonal antibody against vascular endothelial 

growth factor (VEGF), approved to be used in combination with 5-FU as first-line 

chemotherapy for patients with CRLM. These regimens have demonstrated a higher tumour 

response rate and longer patient overall survival, when compared to therapies without 

Avastin therapy, 44.8 vs 34.8% and 20.3 vs 15.6 months, respectively. (12) Moreover, 
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additional monoclonal antibody therapies such as cetuximab and panitumumab have also 

shown benefit for tumors with KRAS mutation by improving the response rate and patient 

survival. (14) 

In summary, modern systemic chemotherapy has improved outcomes for metastatic 

CRC treatment and plays an important role in the absence of resection (median survival 

~18 to 20 months) (11).  However, notable and superior results are achieved when 

combined with liver resection (5-year survival ~55-67%). (15) 

1.3.2. Surgical Management of CRLM 

During the last 3 decades, hepatic surgical treatment has evolved and become the 

gold standard for patients with primary or metastatic liver malignancies. Moreover, the 

actual role of the multidisciplinary tumour board committees in the management of this 

complex group of patients, with the aim of surgical resection has achieved the most 

satisfactory results, benefiting the overall course of the patient during the disease process. 

(5,6,16). The actual 5-year survival following a margin-negative hepatic resection with the 

combination of chemotherapy treatment is ~ 40-70%, with 10-year survival approaching 

20%. (6,17,18) Recurrence and progression is reported in 70–80% patients undergoing 

surgery. (5) In addition, the notable ability of the liver to regenerate after hepatic resection 

has enabled aggressive surgical approaches in patients with insufficient hepatic reserve.  

Resectability criteria for CRLM patients have been widely revised and expanded 

over the last 15 years. (5) Previous clinic pathological parameters such as number or 

metastases, presence of extra-hepatic disease or width of resection margin are no longer 

used to exclude patients from consideration for surgical resection. (5–7) The current hepatic 

resection criteria should be defined by: the preservation of vascular inflow, vascular 

outflow, and biliary drainage, with the objective of preserving an adequate future liver 
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remnant (FLR). Those patients with extensive liver disease or borderline liver parenchyma 

reserve should undergo a technique to increase the volume of their FLR such as portal vein 

embolization (PVE), two-stage hepatectomy, or a chemotherapy modality to downsize the 

disease and convert the liver tumor burden into resectable disease.(5) 

As described in the literature, for the best outcomes, surgical resection should only 

be considered if the following criteria are met: (6–8,19) 

1. Adequate patient health performance condition (normal baseline lung, heart, kidney 

and liver function). 

2. Primary tumour resectable or already resected. 

3. Absence of extra-hepatic disease, or if present and localized, disease is planned for 

resection (e.g. lung metastases). 

4. Solitary nodule or multiple nodules technically feasible for liver resection (attempt 

to get negative resection margins “R0”).  

5. Vascular inflow and outflow with adequate biliary drainage in the remaining liver 

must be preserved. 

6. Adequate volume/function of the FLR after resection (at least 20% of the total FLR 

if normal parenchyma and 30-70% when a history of chemotherapy or underlying 

liver disease is present).(19,20) 
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1.3.2.1. Future Liver Remnant (FLR) 

Over the past two decades, there has been an inclination to expand what is defined 

as “resectable” disease, pushing the boundaries and leaving a narrow line between complete 

success and liver failure. Therefore, development of new multidisciplinary modalities has 

been explored to improve the resectability rate while avoiding catastrophic post 

hepatectomy liver failure (PHLF). Reports recommend an estimated FLR to body weight 

ratio of greater than 0.5 to avoid liver failure. (20,21)  

To achieve an adequate volume of the FLR after resection and thus, decrease the 

risk of developing PHLF, patients with normal liver parenchyma or undergoing a short 

course of chemotherapy (< 12 weeks) usually require a FLR of at least >20 %, while a FLR 

>30-60% is needed for patients after >12 weeks of chemotherapy, steatosis or hepatitis, and 

a FLR > 40-70% is mandatory in the presence of underlying liver disease (e.g. cirrhosis, 

cholestasis depending on the degree of underlying hepatic dysfunction). Thus, 

chemotherapy duration and adequate FLR volume are the critical determinants of hepatic 

reserve which directly affect morbidity and mortality following hepatic resection for 

CRLM. (20–23) 

 

1.3.2.2. Techniques to increase the FLR  

During the last 40 years, several surgical and non-surgical techniques have emerged 

in order to increase the size of the FLR and avoid PHLF, in those patients with primary and 

metastatic liver cancer undergoing to extensive liver resection. Examples of these 

procedures are: portal vein occlusion (either by embolization or ligation), two staged 

hepatectomy, and ALPPS (Associating Liver Partition with Portal Vein Ligation for Staged 

Hepatectomy). (7,8,13,24) 
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1.3.2.2.1. Portal Vein Occlusion (PVO) 

Makkuchi et al. introduced the use of portal vein embolization (PVE) in the early 

1980s as a non-surgical technique to stimulate hypertrophy of the FLR before extensive 

liver resections. (25) Currently, two methods of portal vein occlusion (PVO) can be applied 

and are considered as standard therapy for patients with unilobar disease and insufficient 

FLR:  either radiologically by portal vein embolization (PVE) or surgically by portal vein 

ligation (PVL). The PVO technique has been shown to increase the size of the FLR from 

8% to 27% over an interval of 2-8 weeks, depending on the underlying liver disease. 

Unfortunately, these same hypertrophy results have been difficult to replicate at other 

centers. PVO is safe, with a complication rate of 5-8%(19). However, its main 

disadvantages include insufficient hypertrophy of the FLR and disease progression after 

the PVO, preventing curative liver resection in 20-30% of patients. (26) 

 

1.3.2.2.2. Two-Stage Hepatectomy: 

The concept of two-stage hepatectomy was introduced in the early 2000s. (26) This 

surgical hepatic technique was designed for patients with primarily bilobar unresectable 

liver metastases, which typically cannot be resected in a single stage while preserving an 

adequate FLR. The strategy of the two stage hepatectomy is to attempt a curative resection 

through a sequential approach. The goal of the first stage is to clear the future liver remnant 

by removing the highest number of metastases, making the second hepatectomy feasible 

and potentially curative after proper FLR regeneration. (26) Thus, a two-stage hepatectomy 

offers the potential of disease free survival to patients that otherwise would have a poor 

outcome. Patients who undergo a two-stage hepatectomy with combination chemotherapy 

have a 3-year survival rate of 35% and a median survival of 31 months. (5,26) Nevertheless, 



	

	

7	

initial experience without PVE was associated with high incidence of PHLF from 

insufficient functional volume of the FLR a high mortality rate of 9-15%. (5,27) 

 

1.3.2.2.3. Two-Stage Hepatectomy with PVO 

Liver failure due to insufficient functional liver volume of the FLR represents the 

main cause of postoperative mortality in patients undergoing two-stage hepatectomy. Thus, 

the combination of PVO (either PVE or PVL) and staged hepatectomy was proposed as a 

modality to induce compensatory hypertrophy of the FLR.(27–29) After introduction, 

initial reports showed no operative mortality, low postoperative morbidity (~ 15 to 30%), 

and 1-and 3-year overall survival rates of 70% and 54%, respectively. (5,27) Nevertheless, 

insufficient liver regeneration of the FLR and tumor progression during the long waiting 

period (6-8 weeks) was again the biggest limitation, making this procedure only feasible in 

70% of the cases. (30) 

 

1.3.2.2.4. Associating Liver Partition with Portal Vein Ligation for Staged 

Hepatectomy (ALPPS) 

During a planned extended right hepatectomy for a perihiliar cholangiocarcinoma, 

ALPPS was created by chance in 2007. Due to insufficient FLR, the right portal vein was 

ligated to induce hypertrophy of the left lateral segment of the liver, after the liver 

parenchyma had already been transected. On postoperative day 8, abdominal computed 

tomography imaging showed extensive hypertrophy of the left lateral segment prompting 

the decision to complete the resection of the right liver. (23) Therefore, the new technique 

consisted of adding a liver parenchymal partition during the first stage of a two-staged 

hepatectomy, facilitating an inter-stage time of only 1 week.  
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The initial experience of this innovative technique was presented in 2011 during the 

European Hepato-Pancreato-Bilairy meeting held in South Africa.(30) Soon after, during 

the inaugural study in 2012, the authors reported their experience in 25 patients. Initially 

the procedure was named as “two-staged extended right hepatectomy with initial surgical 

exploration, right PVL, and in situ splitting” (22), and later renamed with the acronym 

“ALPPS” (Associating Liver Partition with Portal Vein Ligation for Staged 

Hepatectomy).(31) 

 

1.3.2.2.4.1. ALPPS Results Worldwide: 

Since the first description of the ALPPS procedure, refinements to both the 

technique, and patient selection criteria have been explored. The most promising results 

have been reported in the field of CRLM, and thus, establishing the main indication for 

ALPPS to be when metastases are primarily unresectable due to a very small predicted 

FLR. (7,8,30,32) Other indications to consider are in specific situations such as 

hepatocellular carcinoma (HCC) or cholangiocarcinoma, if resection is oncologically 

possible .(7) 

In terms of volumetric growth, rapid liver regeneration remains the main advantage 

of ALPPS: total liver volume growth of FLR is reported around 50-84% in 1 week and 120-

200% after 14 days. (7,32,33) Nevertheless, principle limitations are related to high 

morbidity (53–90%), high mortality (0–28%), and no reports on long-term oncologic safety 

and outcome.(8) The largest studies from the ALPPS registry report the procedure has a  

97% feasibility rate with a morbidity rate of 44%, and 90-day mortality rate of 8-

11%.(33,34) From the oncological standpoint, long-term outcomes with respect to the 

disease free and overall survival are areas that need further investigation.                                                                                                                                                                                                                                                                                                                                                
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1.3.2.2.4.2. ALPPS Results at the London Health Sciences Centre 

The first ALPPS procedure in Canada was performed in London, Ontario at the 

London Health Sciences Centre (LHSC) in April 2012 by Dr Roberto Hernandez-

Alejandro. (35) Ever since, LHSC has been the pioneer and leader overall in North 

America. Despite the high morbidity and mortality earlier described, (30) refinements in 

the technique and a better understanding of patient selection has been  paramount to success 

at our institution, in addition to our strict selection criteria: patients with colorectal liver 

metastases (CRLM), extensive bilobar CRLM necessitating an extended hepatectomy, a 

technically feasible resection (planned R0), a predicted FLR <30%, no evidence of extra-

hepatic disease, good functional capacity defined as ECOG (Eastern Cooperative Oncology 

Group) 0 or 1, and complete or partial tumour response after 6-cycles of  neo-adjuvant 

therapy assessed by  the Response Evaluation Criteria In Solid Tumors (RECIST). (35)  

Furthermore, we have paid special attention to the improvement of the surgical 

technique by maximizing the preservation of the middle hepatic vein and minimizing the 

dissection of the hepatoduodenal ligament to avoid ischemia and congestion of segment 4 

and to decrease the potential for ischemic injury to the biliary tree. Taken together, these 

points might explain our lower morbidity rate (14%) and postoperative 90-day mortality 

rate (0%) compared with other centers.(35) To date, our center has already performed 34 

ALPPS procedures and our latest data shows a 1-year OS of 84% and 3 years OS of 55% 

(median 1264 days), as well as 1-year DFS of 71%, and 3-year DFS of 36%. (Figures 1 

and 2) 
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Figure 2. ALPPS Disease-Free Survival, LHSC: LHSC 2012-2016

Median Disease Free Survival (DFS) 628 days (95% CI 298-958) 
1-year DFS 71%, 2-year DFS 41%, 3-year DFS 36%
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1.4. Liver immunology 

The liver is considered the largest solid organ in the body involved in non-

immunological activities such as metabolic functions, nutrient storage, and detoxification. 

Also, it is a place of complex immunological properties, such as induction of 

immunological tolerance and innate immune responses, which are possible through the 

production of diverse acute phase proteins, complement components, cytokines and 

chemokines, and by different populations of resident immune cells.(24,36,37) 

The liver functions impressively as an important filter for gut contents and blood 

systemic circulation via the Porto-systemic interface (70-80% of the liver blood supply 

comes from the portal vein, with the remaining 20-30% from the hepatic artery). As a low 

pressure blood system, liver venous blood flows in close contact with the hepatic sinusoids. 

Hepatocytes compose ~60-80%  of overall liver cells (38). Their main role is in metabolism, 

and production of 80–90% of the circulating innate immunity proteins in the body.(6) 

Moreover, the liver capillary microenvironment consists of different specialized cells (liver 

sinusoidal endothelial cells [LSEC],  intravascular liver resident macrophages “Kupffer 

cells”, and liver dendritic cells) which have an important role in initiating and organizing 

hepatic immune responses. 

The liver immunological homeostasis mechanism is not fully understood yet. The 

narrow balance between tolerance and liver immunity is controversial. Classical examples 

of tolerance can be observed in viral hepatitis infections, metastatic cancer (most commonly 

from colorectal cancer), and transplantation. On the other hand, undesirable immune 

responses may ensue, for instance, in the case of autoimmune hepatitis, primary sclerosing 

cholangitis (PSC), and primary biliary cirrhosis (PBC). (6,37) Figure (3) 
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Moreover, the liver has essential immune and metabolic roles that are described and 

summarized in Figure 4. The following sections will provide a basic understanding of the 

immunological mechanisms orchestrated by the liver, and focus on the role of those liver 

cells that are implicated in tumour immune surveillance (liver lymphoid cell population). 

In particular, the role of the “Mucosal-associated invariant T (MAIT) cells” will be 

discussed. 

 

1.4.1. Human liver cell distribution 

 The liver contains most of the cellular elements of the innate and adaptive 

immunity. Their frequency and distribution are observed in Figure 5. (39) Each of them 

has a specific role and effector function, either cytotoxic or regulatory, capable of killing 

pathogens or suppressing the immune response. Also, differentiation into cells that can 

produce different cytokines and antibodies, IFN (interferon), IL (interleukins), TGF 

(transforming growth factor), TNF (tumor necrosis factor) can be observed, which has an 

important role during antitumor surveillance. (6,39) 
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Figure 3. Liver Tolerance vs Immunity (6):  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Image representing liver tolerance vs immunity. The liver has tolerogenic 
characteristics observed in diseases such as viral hepatitis, metastatic cancer and transplantation. 
On the opposite side, the liver exhibits a high immune response: autoimmune hepatitis, PSC and 
PBC. From Jarnagin WR, Blumgart LH, 2012: Blumgart´s surgery of the liver, biliary tract and 
páncreas. 2-Volume set. 5E ed. Copyright 2012,2007,2000,1994,1998 by Saunders, and imprint 
of Elsevier Inc. 
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1.4.2.  Antigen-Presenting Cells: 

Antigen-presenting cells (APCs) are important in orchestrating or shaping the 

adaptive immune response. The three most important APC cells are Kupffer cells, LSEC, 

and dendritic cells. They play a crucial role in the maintenance of tolerance balance on non-

inflammatory scenarios.  The liver APC cells function in capturing and presenting antigens 

to T cells.  The success of their activation and response, depends directly on the proper 

molecular co-stimulation. If co-stimulation is successful, proliferation and development of 

effector T cells will occur, with subsequent release of cytokines. In contrast, if co-

stimulation is unsuccessful T cell death or anergy will result.  (6,38–40) 

 

1.4.3. Dendritic cells (DCs), liver sinusoidal endothelial cells and Kupffer cell 

(KCs) 

Liver DCs are known as the most potent APCs of the immune system (Figure 6,7). 

They play an essential role in the antigen capture and subsequent presentation to the 

immune effector cells. Liver DCs travel from the portal circulation through the space of 

Disse, finally exiting via lymphatic circulation. Their essential function involves immune 

regulation, bridging, and adaptive immunity. Nevertheless, liver DCs show tolerogenic 

characteristics, promoting the production of anti-inflammatory IL-10, which has a 

suppressive function. (24,37,38) 

Liver sinusoidal endothelial cells work as sentinels, and are important during 

pathogen detection. Their structure in the form of multiple fenestrations selectively allows 

the passage of antigens through the LSEC to the hepatocytes, establishing close contact 

among antigens and hepatocytes. This characteristic promotes organ homeostasis, blood 

detoxification, and inflammatory response regulation.(6,37) 
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Figure 4. Liver immunological & metabolic roles (37) : 

 

 

 

 

 

Figure 4. Metabolic and immunological roles of the liver. The liver has an important role in 
inflammatory regulation via production of clotting factors and acute phase proteins, antigen 
presenting T cells and anti-microbial proteins. In addition, it has important metabolic roles 
including lipid metabolism, glycogen storage production, protein production, and others. From 
Robinson MW, 2016: Liver immunology and its role in inflammation and hemeostasis. Cell Mol 
Immunol 13:267-76. Copyright 2016, CSI and USTC. 
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Figure 5. Healthy liver cell distribution. 
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Figure 5. Distribution and frequency of parenchymal and non-parenchymal healthy 
human liver cells. From Racanelli V,2006: The liver as an immunological organ. 
Hepatol Baltim MD 43:S54-62. Copyright 2006, The American Association for the 
Study of Liver Diseases. 
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Liver Kupffer cells originate from monocytic precursors and correspond to the 

largest group of macrophages in the body. Their phagocyte function and strategic location 

allow them to travel from the periportal area to the space of Disse, with subsequent 

elimination of endotoxins and apoptotic hepatocytes. (6,38,39) 

 

1.4.4. Liver Lymphoid Immune Cell Population 

The liver lymphoid cell population is composed of T cells, natural killer cells (NK 

cells), and B cells. (37,39) The main characteristics of these cells include potent cytokine 

production and mediating the innate and adaptive immune response of the liver. In addition, 

they contribute to the removal of infected, injured or malignant cells. A subpopulation 

arising from T cells comprises conventional T cells (CD8+ and CD4+), which identifies 

antigens in the context of major histocompatibility complex (MHC) class I and II. 

Typically, CD8+ is higher in proportion to CD4+ (2:1) in the liver, whereas their frequency 

is inverted in the blood. Unconventional T cells correspond to another subtype of T cells. 

These are integrated of natural killer T cells (NKT cells), which have a restricted T receptor 

and recognizes antigens only in the case of MHC I (molecule CDI d), and TCRγδ T cells, 

that identifies a very limited proportion of antigens.(6,36,37,39) 

 

1.4.5. Natural Killer Cells 

Human NK cells comprises most of the lymphocyte liver population and play an 

important role during liver inflammation, particularly in antiviral defense.  Traditionally, 

NK cells are categorized as either CD56-low-expressing cells with cytolytic activities, 

CD56-high-expressing with immune-modulatory cytokine-producing cells, and CD49a, 



	

	

19	

which mainly release high proportions of CD69, granzyme B, interferon-γ (IFNγ), tumour 

necrosis factor-alpha (TNF-alpha), and granulocyte macrophage colony-stimulating factor 

(GM-CSF).(24,36,41) 
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Figure 6. Innate immune liver elements: 

 

 

 

 

 

Figure 6. Image representing the microvascular hepatic anatomy. Liver sinusoidal endothelial cells 
shield and divide hepatocytes from sinusoidal blood flow by the “Space of Disse” flow.  In addition, 
DC, KC, NKT cells, NK cells can be found and have close contact with the microcirculation, and 
had a subsequent specific function in the inflammatory response. 
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Figure 7. Liver immune response. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Schematic representation of the adaptive immune response illustrating  inflammatory 
activation, from antigen-presenting cells to T and B cells leading to signaling, costimulation and 
cytokine production with subsequent effector function, From Jarnagin WR, Blumgart LH, 2012: 
Blumgart´s surgery of the liver, biliary tract and páncreas. 2-Volume set. 5E ed. Copyright 
2012,2007,2000,1994,1998 by Saunders, and imprint of Elsevier Inc. 
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1.4.6. Natural Killer T cells (NKT cells) 

NKT cells are a specific subgroup of T cells, whose main role is to regulate the 

immune responses in the environment of autoimmunity, cancer, and microbial infection, 

through the expression of different cytokines such as interleukin-4 (IL-4) and IFNγ. In the 

cancer context, tumour-infiltrating human NKT cells express CD56, CD69, and pro-

inflammatory cytokines such as TNF-alpha and IFNγ, showing an important antitumor 

role.(41,36,37) 

 

1.4.7. MAIT cells 

The study of mucosal-associated invariant T (MAIT) cells in humans is an emerging 

field in immunology. Human MAIT cells are known as a subset population of conventional 

T cells, which are localized preferentially in liver and intestinal mucosa, composing ~30-

50% of the liver lymphocytes and 10-15% of the peripheral blood lymphocytes.(42) 

Circulating and tissue-infiltrating human MAIT cells express a semi-invariant T cell 

receptor (TCR) of Vα7.2-Jα33 alpha chain rearrangement (CD161 or IL 18Rα) and respond 

to MHC I like molecule MR1 (MHC-related protein 1). (42–44) 

Emerging experimentation has shown that activated MAIT cells can display 

different cytokines such as interleukin-17A (IL-17A), IFN-γ, and TNF-αlpha. (42,43,45) 

As a subset of the innate-like T cells, MAIT cells produce an arsenal of cytotoxic effector 

molecules and pro-inflammatory cytokines that play an important function in defense 

against infectious pathogens (bacteria and yeasts, but not viruses). (43,46,47) In addition, 

they play a role in inflammatory diseases and wound healing by their quick reactivity to 

bacterial infection and injury. (43,46,47) These distinguishing characteristics have 

prompted the immunology community to question their potential role in certain 
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circumstances such as cancer. Despite this, yet we know next to nothing about their role in 

immune surveillance against tumor formation in the liver. Recent evidence has suggested 

that they may have potential clinical relevance for patients with colorectal cancer.(44) 

Moreover, further investigations demonstrate their peculiar ability to persist through  

chemotherapy  and xenobiotics secreted by the gut bacteria (42),  due at least in part  to 

their high levels of ABCB1 expression, which works as a multidrug efflux protein 

transporter to remove toxic compounds from the cytoplasm.(42,43)  

 

1.4.7.1. MAIT Cells in Colorectal Cancer 

Results presented in early 2016 by a group from China (44) suggest that MAIT cells 

accumulated and infiltrated in CRC tumour tissue, and thus might play an important role in 

immune surveillance against CRC patients (Figure 8). Their study showed that the 

frequency of circulating activated/memory MAIT cells was lower compared with the levels 

observed in the tumour tissue. Furthermore, serum carcinoembryonic antigen (CEA) levels 

were found to be highly associated with the rate of infiltrating MAIT cells and negatively 

associated with the rate of circulating active/memory MAIT cells. In fact, high levels of 

TNF-α, IFN-γ, IL-2 and IL-17 were positively associated with TCRValpha7.2Jalpha33 

mRNA in cancer tissues.(44) This data supports that high levels of infiltrating 

activated/memory MAIT cells in the tumour tissues might represent anti-tumor immunity 

against CRC, so, use as a potential biomarker for testing the severity and prognosis of CRC 

should be considered. Also, some reports demonstrated an important association between 

IFN-γ levels in the setting of T cell immunity against CRC through p53 modulation to 

induce tumor cells apoptosis (45), whereas, other studies show an associaciation between  

IL-17 expression in the tumor and  worse prognosis in patients with CRC. (48) 
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In the present investigation, we further evaluate MAIT cells in terms of their role 

on hepatic immune surveillance against colorectal liver metastases in patients undergoing 

liver resection.  
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Figure 8. Hypothetical MAIT cell role during CRLM. 

 

 

 

 

 

 

 
 

Figure 8. Schematic representation of the hypothetical role of MAIT cells during colorectal liver 
metastases. 
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1.5. Circulating Tumour Cells (CTCs) 

Cancer metastasis is the principal cause of death in patients with cancer, and 

dissemination of tumour cells into the systemic blood circulation is an essential step. 

Therefore, early identification of this dissemination sequence is crucial for monitoring and 

impeding metastatic disease. The mechanisms by which circulating cancer cells 

disseminate from the tumour to the blood circulation is an area under intensive 

investigation. (49–52)   

 

1.5.1. Natural History of Metastases from Colorectal Cancer 

Tumor metastasis can be defined as a series of biological processes whereby tumor 

cells from the primary neoplasm migrate to a distant location.(9,49,52) (Figure 9 ) Invasive 

CRC cells can metastasize through two pathways: 

1. Regional lymph nodes ® through central lymphatics ® the systemic circulation. 

2. Portal venous drainage ® Liver. 

Circulating tumour cells (CTCs) are defined as a group of cells that are shed from 

primary tumour and from metastatic deposits into the blood circulation.(49,53) CTCs are 

found in the blood of patients with many cancers, however, their presence is extremely 

infrequent in healthy people.(49,52)  The use of  CTCs as prognostic and predictive tumour 

markers has been explored in patients with metastatic cancers such breast (54–57), prostate 

(58,59) and colorectal (60,61) carcinoma. On the basis of these studies, the number of CTCs 

(≥5 for breast/prostate; ≥3 for colorectal) were predictive of progression-free survival (PFS) 

and overall survival (OS). Moreover, the analysis of CTCs at different time-points during 

treatment has been shown to be useful for determining treatment efficacy and therapy 
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response. These promising findings suggest that CTCs may represent a “liquid biopsy” that 

could inform clinical decision-making, potentially allowing for the discontinuation of 

ineffective chemotherapy regimens earlier than current practice, thereby avoiding 

morbidity due toxicity and enabling a change to other potentially more beneficial treatment 

options. (54,58) 
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Metastatic colonization includes the following process: 

1. Tumor cells invade the tissue surround the primary tumor. 

2. “Invasion” into either the lymphatics or blood circulation. 

3. Intravasion ® Extravasion ® Growing ® Angiogenesis. 
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Figure 9. Schematic representation of biological process of metastatic colorectal dissemination. 
The term ‘colonization’ is used herein to reflect the combined influences of tumor cell 
proliferation, apoptosis, dormancy and angiogenesis in the formation of a progressively growing 
lesion in a distant site.(9) 
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Multiple methods for CTC enrichment and identification have emerged during the 

last decade, either label-dependent such as immunomagnetic, where the main target has 

been epithelial cell adhesion molecule (EpCAM), or label-independent enrichment based 

on size or density. Other approaches characterize CTCs by immunocytochemistry, using 

PCR approaches or mRNA/DNA sequences. Additionally, others can detect viable tumour 

cells or tumor-specific chromosomal abnormality (Figure 10). (49,62–64) 

 

1.5.2. CellSearch System 

Originally developed by Immunicon, the CellSearch system (Janssen Diagnostics, 

Raritan, NJ, USA) is the first and currently the only method clinically approved assay by 

the Food and Drug Administration (FDA) for capturing and enumerating CTCs in advanced 

breast, prostate and colorectal cancer.(54,55,59,60,64)  

The epithelial cell adhesion molecule (EpCAM) is a cell adhesion molecule 

overexpressed in many carcinomas and has been used as a marker for CTC enrichment. 

The CellSearch is a semi-automated system based on immunomagnetic technology that 

isolates and enumerates CTCs by targeting EpCAM-positive cells. Through this approach, 

CTC numbers have been correlated with disease free survival and overall survival in 

primary and metastatic carcinoma. (54,56,57,59,60) Due to its reported clinical evidence, 

high reliability, and FDA clearance, we chose the CellSearch system as a method for CTC 

detection in this research study. 
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CTC enrichment and identification approaches for CTCs (63): 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Schematic representation of different strategies to separate and capture circulating 
tumour cells: label-dependent and label-independent methods. Immunomagnetic based methods 
focusing on EpCAM protein are the most common used among label-independent CTC 
enrichment methods. From Joosse SA,  2015: Biology, detection and clinical implications of 
circulating tumor cells. EMBO Mol Med 7:1-11. Copyright The Authors. 
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1.5.3. Use of CTCs in Colorectal Malignancies 

Novel technology platforms using immunomagnetic separation have permitted the 

accurate identification, isolation, enumeration, and characterization of CTCs from many 

epithelial carcinomas. (49,52,64–66) In a multicenter study, Cohen et al reported, that 

patients with colorectal liver metastasis had unfavorable survival prognosis when levels of 

CTCs of CTCs were ³ 3 in 7.5 ml of blood, and showed that this was an independent 

predictor of inferior disease free survival and overall survival in patients with colorectal 

liver metastases. (60)  

These results provide a promising basis from which to investigate different 

scenarios of the applicability of CTCs in colorectal cancer patients; including screening in 

earlier stages of colorectal cancer, evaluation of treatment response and analysis of 

progression during the time off chemotherapy (Figure 11). Recent studies have also 

evaluated the impact of the presence of CTCs at the time of liver resection in metastatic 

colorectal cancer. (2,67–69) A Norwegian group reported the association between positive 

CTCs and high recurrence rate in patients with colorectal liver metastases undergoing two-

stage hepatectomy, suggesting another potential utility for postoperative CTC 

assessment.(2) This current study will assess the utility of measuring the number of CTCs 

as an evaluation tool of disease progression using the CellSearch system in patients with 

colorectal liver metastases undergoing for liver resection; either ALPPS or single stage 

liver resection. 
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Pathways of circulating tumour cells in patients with colorectal cancer (62): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Diagram showing the pathway of CTCs, through the mesenteric-porto-systemic 
circulation in colorectal cancer patients. Circulating tumour cell (red cells) flows from the 
primary tumour to the systemic blood, then are captured using the CellSearch system technology. 
From Deneve e, 2013: Capture of viable circulating tumor cells in the liver of colorectal cáncer 
patients. Clin Chem 59:1384-92. Copyright American Association for Clinical Chemistry. (62) 
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CHAPTER 2 

2. RATIONALE, HYPOTHESES, AND STUDY OBJECTIVES 

2.1. Rationale 

Since the first description of ALPPS procedure, refinements to both the technique 

and patient selection criteria have been developed. ALPPS has been demonstrated to be a 

valid treatment option in selected patients who were previously considered unresectable, 

especially in those with colorectal liver metastases.(7,30,35,70) Nevertheless, several 

important aspects of the procedure remain unknown, including long-term oncological 

outcomes. Moreover, concerns arise with respect to the impact of this rapid hypertrophy in 

the liver microenvironment, in particular related to potential repercussions for tumour 

biology and disease progression. In addition, the immunological composition of the liver 

during the ALPPS approach and whether the rapid hypertrophy of the FLR is accompanied 

by equally rapid immune cell/function reconstitution remains essentially unexplored.  

Circulating tumour cells are defined as a group of cells that are shed from primary 

tumour and metastatic deposits into the blood circulation.(49,53) Their use  as a prognostic 

and predictive tumour marker has been explored in patients with colorectal liver metastases 

(60,61). On the basis of these studies, the number of CTCs (≥3/7.5 mL blood) were 

predictive of inferior disease free survival and overall survival in patients with colorectal 

liver metastases. Moreover, the analysis of circulating tumour cells at different time points 

during the treatment was useful to determine treatment efficacy and therapy response, thus 

supporting the use of this novel biomarker as a tool for decision making before liver 

resection in patients with CRLM. This study aims to investigate the utility of measuring 

the number of circulating tumour cells as an evaluation tool of disease progression using 

the CellSearch system in patients with colorectal liver metastases undergoing two stage 
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hepatectomy; ALPPS or single stage liver resection. 

The liver represents a specialized immunological environment that promotes 

tolerance in normal conditions, but also contains immune cells that can potentially combat 

cancer. While tumor-specific T cells are detectable in many cancer patients including those 

with primary liver cancers or liver metastases, they typically fail to eradicate cancer. The 

liver harbors many natural killer T (NKT) cells that constitute an attractive therapeutic 

target for adjuvant immunotherapy of cancer. In addition, the liver is highly enriched in 

mucosa-associated invariant T (MAIT) cells, which can comprise up to 50% of all hepatic 

lymphocytes; yet we know next to nothing about their role in immune surveillance against 

tumors forming in the liver. MAIT cells express an arsenal of cytotoxic effector molecules 

as well as pro-inflammatory cytokines (interferon [IFN]-gamma, interleukin [IL]-17) 

known to favor antitumor immunity. It is currently unclear whether MAIT cells infiltrate 

tumor masses in the liver.(42,45) Due to these characteristics mentioned, it has prompted 

the immunology community to hypothesize on their potential role in certain circumstances, 

such as cancer. In the present investigation, we further explore the role of MAIT cells, in 

terms of immune surveillance against colorectal liver metastases in patients undergoing 

liver resection.  

 

2.2. Hypotheses 

We hypothesize that an elevation of ≥3 CTCs/7.5 ml in the blood will indicate 

disease progression during the rapid liver hypertrophy in patients with colorectal liver 

metastases. Moreover, we believe that the presence of MAIT cells with their cytotoxic 

effector molecules and pro-inflammatory cytokines such as (interferon [IFN]-gamma, 

interleukin [IL]-17) in the future liver remnant will represent the immunological 
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competency of the liver during the rapid liver regeneration process in ALPPS patients with 

colorectal liver metastases. Finally, we predict that chemotherapy will not affect the liver 

immune functions. 

 

2.3. Objectives 

1. To determine if rapid hypertrophy in colorectal liver metastases induces disease 

progression.  

2. To determine if the liver in patients with colorectal liver metastases undergoing ALPPS 

is immunologically competent. 

3. To identify if chemotherapy affects the liver immune response in patients with 

colorectal liver metastases undergoing for liver resection. 
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CHAPTER 3 

3. Methodology 

3.1. Experimental Design 

We designed a prospective, observational, 2-arm feasibility study assessed the 

utility of blood biomarkers of cancer progression (Circulating tumour cells, “CTCs”), and 

immunological competency of the liver (MAIT cells) in patients with colorectal liver 

metastases (CRLM) undergoing ALPPS (Arm 1) or single stage liver resection (Arm 2; 

control).  

Up to 10 eligible patients per arm were accrued from the London Health Science 

Centre-University Hospital (LHSC-UH) and the London Regional Cancer Program 

(LRCP). Sample size was determined based on the pilot nature of the study and our 

demonstrated ability to recruit ~14 eligible ALPPS patients/year. (35) 

Ethics approval for this study was obtained from the Western University Research 

Ethics Board for Health Sciences Research Involving Human Subjects (Approval number: 

REB106937; Appendix 1) and the Lawson Health Research Institute (R-15-360). All work 

involving the use of human samples was done in accordance with ethics guidelines 

approved by the institutional research ethics review board at Western University. Subjects 

were provided a letter of consent outlining the study details and informed written consent 

was obtained. 

 

3.1.1. Patient inclusion criteria: 

• Male and female patients over 18 years of age 

•  Confirmed diagnosis of colorectal liver metastasis (CRLM) 
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• Systemic chemotherapy treatment response 

• No evidence of extra-hepatic metastatic disease 

• Intent for curative liver surgery treatment 

Technically feasible resection (planned RO) 

 

3.1.1.1. Specific inclusion criteria for ALPPS (Arm 1):  

• Diagnosis of CRLM with predicted future liver remnant less < 30% 

• Extensive bilobar CRLM necessitating an extended hepatectomy 

• Good functional capacity (Eastern Cooperative Oncology Group [ECOG] 0 or 1) 

• Complete or partial response to systemic chemotherapy after 4-6 cycles evident by 

CEA and radiology 

• Consented for ALPPS 

 

3.1.1.2. Specific inclusion criteria for single stage liver resection (Arm 2):  

• Diagnosis of CRLM with predicted future liver remnant more than > 50 % 

• Single or oligo CRLM consented for single stage resection 

 

3.1.2. Exclusion Criteria:  

• Age more than 75 or less than 18 years 

• ASA risk score more than 3 

• Eastern Cooperative Oncology Group (ECOG) score 2 or more 

• End-stage liver disease 
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3.2. Chemotherapy treatment 
 

All patients in this study were reviewed by a multidisciplinary tumor board 

(consisting of HPB and colorectal surgeons, medical oncologists, radiation oncologists, 

pathologists, and radiologists). Following discussion, the consensus recommendation of the 

multidisciplinary tumour board was followed regarding liver surgical approach and type of 

neo-adjuvant treatment regimen. The choice of chemotherapy regimen was based on 

tumour load, tolerance, and comorbidities by the multidisciplinary tumour board. Tumour 

responses and progression were classified with the use of the Response Evaluation Criteria 

in Solid Tumour (RECIST) after 4 cycles.(71) 

 

3.3. Surgical technique 

The technical aspects of single or two staged hepatectomy “ALPPS” have been 

previously described (Figures 12-14). (7,8,72–74) Major liver resection was defined 

according to the Brisbane 2000 terminology (resection  of ³ 3 segments of the liver ). (75)  

Single staged hepatectomy was performed in all patients with curative intent with 

predicted future liver remnant (FLR) more than ³ 50 %, whereas ALPPS was performed in 

those patients with predicted FLR  < 30 % that met full inclusion criteria. In both scenarios 

a general laparotomy was performed to rule out extrahepatic disease, an intraoperative 

ultrasound was performed to assess the technical resectability and presence of metastases 

not visualized prior to surgery. The liver was mobilized according to the location of the 

tumour and segments to be respected. (7) 
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The technical aspects of ALPPS procedure are summarized in two major surgical 

stages and one interval phase. The key points of stage-1 include complete mobilization with 

ligation and division of the retro-hepatic veins draining into the inferior vena cava (IVC), 

tumour clearing of the FLR if disease was present in the FLR, right portal vein ligation with 

hepatic arterial flow preservation and biliary drainage of the deportalized liver (DL), and 

liver in situ split of the parenchyma between the FLR and deportalized liver. After sufficient 

growth of the FLR is obtained (generally within 7 to 10 days) measured by volumetric 

computed tomography (CT) volumetric, a stage-2 procedure was completed with a right 

trisectionectomy by a transection of the right hilar plate, as well as transection of the right 

and middle hepatic veins followed by the removal of the DL. 

Complications were scored according to the Dindo-Clavien grading system. (76) 

Minor complication was defined as a complication grade £ II, major complication as a 

grade ≥ IIIa, and severe complications as grade ≥IIIb. 
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Figure 12. Representation of extensive metastatic bilobar disease from colorectal cancer patients.  
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Associating Liver Partition with Portal Vein Ligation for Staged Hepatectomy 

“ALPPS” concept, surgical technique description: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7-10	
Days	

Figure 13. Stage 1 ALPPS: (A) Clearing of the future liver remnant (resection of CRLM in 
segment II and III of the liver) (B) portal vein ligation in order to redirect the portal blood 
flow through the FRL with preservation of the right hepatic artery; (C) parenchymal 
transection along the deportalized liver and future liver remnant. Following by 7-10 days 
until FLR growing. 
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Figure 14. (A) Inter-stage ALPPS: volumetric liver of the FLR is reassessed at day 7-10 by abdominal 
computed tomography for enough hypertrophy; (B) Stage 2 ALPPS: ALPPS finalized with an extended 
right hepatectomy, keeping a growth FLR.  
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3.4. Circulating tumour cells (CTCs) 

Blood samples (7.5 ml) were collected by routine phlebotomy, and measured at the 

following endpoints: 

• Arm 1: baseline (pre-chemotherapy), pre- stage 1 ALPPS, inter-stage ALPSS, post 

2 stage ALPPS and prior to re-starting chemotherapy (follow-up). (Figure 15) 

• Arm 2: baseline (pre-chemotherapy), pre-resection surgery (single stage liver 

resection), 3-4 days’ post-resection surgery and prior to re-starting chemotherapy 

(follow-up). (Figure 16) 

 

3.4.1. Blood sample preparation for CellSearch® platform analysis 

Samples were collected into CellSave blood collection tubes (Janssen Diagnostics), 

which stabilize CTCs for 96 hours at room temperature. 1 x 10 ml sample per patient was 

collected at each time point. Blood samples were analyzed for the presence and number of 

CTCs using CellSearch® platform (Janssen Diagnostics) located in the clinical flow 

cytometry facility at LHSC. An automated and standardized immunomagnetic cell 

enrichment of CTCs in blood samples (7.5. ml) was carried out using antibodies targeting 

epithelial cell adhesion molecule (EpCAM), and subsequent labeling with fluorescent 

antibodies specific for epithelial cells (CK 8,18, and 19), DAPI, and leukocytes 

(CD45/DAPI). Samples were imaged using the CellSearch Analyzer II, and CTCs were 

identified by two trained (independent and blinded) reviewers based on positive CK 

staining, negative CD45 staining, cell size (> 4um), cell morphology (round to oval), and 

staining with the DNA stain 4’, 6-diamino-2-phenylindole (DAPI).  
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Figure 15. ARM 1: ALPPS group, with the sequential description of the time-points, where the CTCs 
blood samples and the liver tissue with respect to the MAIT cells were taken.  
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Figure 16. ARM 2: Single stage liver resection group, with the sequential description of the time-points, 
where the CTCs blood samples and the liver tissue with respect to the MAIT cells were taken.  
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3.4.2. Circulating tumour cell data analysis 

CTCs # at each time point were categorized as being either unfavourable (≥3 CTCs) 

or favourable (<3 CTCs) as defined previously. (60) The relationship between CTC # and 

clinical outcome was investigated and were observed and compared during the rapid liver 

regeneration process and the single liver resection. (Objective 1) 

 

3.4.3. Statistical analysis 

The distribution of continuous variables was tested for normality using the Shapiro-

Wilk test. Continuous variables with normal distributions were express as mean (± standard 

deviation) and were compared using the independent sample t-test. Variables with non-

normal distributions were expressed as median (interquartile range) and were compared 

using the Mann-Whittney-U test. Categorical variables were compared using the Fisher’s 

exact test. Statistical significance was accepted at p< 0.05. Data was analyzed using SPSS 

20 (IBM SPSS, Chicago, IL., USA). 

 

3.5. Mucosa-associated invariant T (MAIT) cells 

For the immunological studies, liver tissues and blood samples were collected from 

each Arm of the study at the time of the surgery. (Figure 15 and 16) 

3.5.1. Human peripheral blood mononuclear cell isolation 

Peripheral blood was collected prior to administration of anesthesia in 5 x standard 

heparinized BD vacutainers (BD Biosciences, San Jose, CA, USA) for a maximum volume 

of approximately 50mL). Following collection, whole blood was diluted 1:1 in 2% Fetal 

Calf Serum (FCS) /PBS and applied to a Ficoll-Paque Plus (GE Healthcare Life Sciences, 
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Mississauga, ON, CAN) gradient in 50mL SepMate tubes (Stem Cell Technologies) and 

processed at room temperature as per the manufacturers protocol. Following isolation, cells 

were resuspended in complete RPMI and seeded at approximately 1x106 cells/well in 

200µL, and indicated stimuli were added in a volume of 50µL for a total volume of 250µL 

per well.   

 

3.5.2. Human liver mononuclear cell isolation 

During the surgical resection, a 1-5 g sample of healthy liver tissue and 1-5 g sample 

of tumour tissue were collected in saline in a 15 mL tube and placed on ice. Samples were 

taken to the laboratory of Microbiology & Immunology located in the SDRI building at 

Western University. Immune function and profiling experiments were undertaken to 

determine the status of the immune cells residing within and distal to the tumour, and within 

the healthy liver tissue as well. 

Following collection, liver tissue was cut into small pieces using a razor blade, after 

which they were pushed through a 400 µM filter and washed with 2%FCS/PBS. Collected 

cells were spun at 400Xg for 5 minutes, the supernatant decanted, and the pellet washed 

with an additional 50 mL 2% FCS/PBS. Following the second wash, cells were applied to 

a 33% Percoll Plus (GE Healthcare Life Sciences, Mississauga, ON, CAN) mixture and 

spun for 12 minutes at 700Xg (no brake). Following the spin, the supernatant was 

discharged and the mononuclear cells were isolated from the pelleted fraction. Following 

isolation, cells were resuspended in cRPMI and plated at approximately 1x106 cells/well in 

200µL,  and indicated stimuli  were added in 50 µL of media for a total volume of 250µL 

per well.   
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3.5.3.  In vitro stimulation 

Recombinant IL-12 (Peprotech, Quebec, CAN) and IL-18 (Peprotech, Quebec, 

CAN) were used at a concentration of 5 ng/mL for the in vitro activation of isolated MNCs. 

The bacterial superantigen staphylococcal enterotoxin B (SEB) was used at 100 ng/mL. 

Isolated MNCs were plated at 10x106cells/mL and left untreated or stimulated with a 

combination of recombinant IL-12 (rIL-12) and rIL-18, SEB, or Klebsiella pneumoniae 

lystate for 24 hrs. For the last 5 hours, a combination of 1 µM brefeldin A (BFA) (Sigma-

Aldrich) and 2 µM monensin (eBioscience) was added to the cells.  

 

3.5.3.1.  Staphylococcal Enterotoxin B (SEB) 

Recombinant SEB was generated using an approved institutional biosafety protocol 

adhering to the Public Health Agency of Canada regulations. SEB was cloned from S. 

aureus (strain COL), expressed in BL21 (DE3) competent Escherichia coli (E. coli), and 

purified by nickel column chromatography.  

 

3.5.3.2.  Preparation of Klebsiella lysate 

A stock of Klebsiella pneumoniae lysate was generated by growing a Klebsiella 

pneumoniae clinical isolate, Parkwood-18 (a gift from Dr. Miguel Valvano (Queen’s 

University Belfast, Belfast, United Kingdom)), overnight in Luria broth at 37°C. Following 

overnight culture, the culture was washed three times with cold PBS and the OD600 adjusted 

to 6.5. Cells lysis was achieved by subjecting the cells to a pressure at 30,000 pounds per 
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square inch (PSI) for 5 min to induce membrane rupture. The resulting lysate was stored at 

-80°C until use.  The lysate was at 1:50 for in vitro cell stimulatio 

3.5.4. Flow cytometry 

Cells were labeled using various panels of anti-human antibodies, as has previously 

been described.(77) Cells were then stained extracellularly with a panel of anti-human 

antibodies at 4°C cells diluted in 2%FCS/PBS. After 30 minutes, cells were washed 3 times 

with 2 mL of 2% FCS/PBS. In cases of intracellular cytokine, 5 hrs prior to the end of 

culture a mixture of BFA diluted 1:10000 and Monensin A diluted 1:1000 (eBioscience) 

were added to the cultures to allow for the intracellular accumulation of cytokines. 

Additionally, for intracellular antigen or transcription factor analysis determination, 

following extracellular staining cells were re-suspended in 150 µL cytofix/permeabilization 

buffer (eBioscience) and left at room temperature in the dark for 20 minutes. Following 

fixation, cells were washed with 100 µL of 1x Permwash (eBioscience) and re-suspended 

in 100 µL of a panel of intracellular antibodies diluted in 1x Permwash. In the case of 

transcription factor determination, the foxP3 transcription factor permeabilization kit was 

used (eBioscience) in place of the standard intracellular cytofixation kit. A BD FACSCanto 

II flow cytometer and FlowJo v9 software (Tree Star, Ashland, OR, USA) were used for 

data acquisition and analysis.  

Human MAIT cells were defined as CD3+ Va7.2+ CD161high. Briefly our gating 

strategy was as follows: From total PBMCs, lymphocytes (defined by their forward and 

side scatter properties) were gated and divided into CD3+ and CD3-. Of the CD3+ cells, 

MAIT cells were defined as CD3+ Va7.2+ CD161high, while conventional T cells were 

considered CD3+ Va7.2-. For specific analytic analysis (i.e. cytokine, transcription factor 
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expression, granzyme, etc.), appropriate isotype controls were used when determining the 

gate locations.  Unless otherwise stated, antibodies were obtained from eBioscience. Va7.2 

-PercpCy5.5 and granzyme A - Alexa 700 were obtained from Biolegend (San Diego, CA, 

USA).  

3.5.5. MAIT cells data analysis 

Comparison of the MAIT cells present within and outside metastatic lesions in 

terms of their frequency and function (i.e. IFN- and IL-17 production) within the peripheral 

blood and liver were performed. Moreover, we evaluated the liver immunological 

competence regarding the activity of the MAIT cells among patients undergoing for rapid 

hypertrophy (ALPPS) and single liver resection was also made. (Objective 2) 

A correlation between the type of chemotherapy and the activity of the MAIT cells in the 

peripheral blood and the liver was performed in order to analyze the effect of the 

chemotherapy into the liver immune response in both groups. (Objective 3) 

 

3.5.6. Statistical analyses 

Statistical assessments were made with the aid of GraphPad Prism 6 software. 

Comparisons were performed using Student’s t-test or ANOVA, as appropriate, and 

differences with p<0.05 were deemed significant. *, **, *** and **** denote p<0.05, 

p<0.01, p<0.001 and p<0.0001, respectively. 
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CHAPTER 4 

4. RESULTS 

The objectives of the current study were to determine if the rapid hypertrophy that 

occurs during ALPPS induces disease progression, to evaluate if the liver of ALPPS 

patients was immunologically competent, and to investigate whether chemotherapy affects 

the liver immune response in patients with colorectal liver metastases undergoing for liver 

resection; either ALPPS or single stage hepatectomy. 

In our prospective, observational, 2-arm feasibility study we were able to assess the 

utility of CTCs as an evaluation tool of disease progression and the immunological 

competency of the liver through analysis of MAIT cells in patients with colorectal liver 

metastases undergoing to ALPPS (Arm 1) or single stage liver resection (Arm 2; control).  

In the present investigation (From August 2015 to June 2016), 24 patients were recruited 

for the study and 17 patients full met our study criteria; 7 patients in Arm 1 (ALPPS group) 

and 10 patients in Arm 2 (Single stage liver resection group).  Patient selection and 

management flow chart is shown in Figure 17. 

Patient characteristics from the 17 patients that completed liver resection are 

summarized in Table 1. Median follow up was 139 days (interquartile [IQR] range 46 to 

379 days). All patients completed follow-up evaluation to assess CTCs at time point 4 (1-

2 month after surgery). Demographic characteristics were comparable in both groups, 

including age, gender and body mass index. Preoperative risk index was also similar in 

both groups. 
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Flow chart of the 24 patients recruited in the study for CTC and MAIT cells 

 

 

Figure 17. Flow chart summarising the 24 patients recruited in the study for investigation of CTCs and 
MAIT cells in patients with CRLM undergoing for curative liver resection treatment, either; ALPPS (ARM1) 
or single staged resection (ARM2). Seven patients completed both stages in ARM 1, while 10 patients 
completed single staged resection in ARM 2.  
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TABLE 1. TRANSLICH STUDY POPULATION CHARACTERISTICS 
 
 

VARIABLE 

 
ARM 1  
ALPPS 

N= 7 

ARM 2  
SINGLE STAGE  

LIVER 
RESECTION 

N= 10 

 
 

p=  0.05 

Demographics 
Age, (years) µ 
Male Gender [n(%)] 
BMI (Kg/m2) µ 

 
ASA operative risk, n(%) 
      < 3 

> 3 
 
Primary tumour location, n (%) 
      Colon 
      Rectum 
 
Stage of  primary disease, n (%) 
          T-4 
          T-3 
          T-2 
       
Lymph Nodes Positive 
       
Grade, n (%) 
              High grade 
              Low grade 
 
Metastatic tumour disease, n (%) 
      Synchronous 
      Bilobar tumour involvement 
      Number of lesions 
      Size, largest lesion (mm) before chemotherapy 
      Size, largest lesion (mm) after chemotherapy 
 
Carcinoembryonic Antigen (CEAµ,mL) 

 
57 ± 4 

6 (85%) 
25 ± 2 

 
 

2 (29%) 
5 (71%) 

 
 

7 (100%) 
0 

 
 

3 (43%) 
3 (43%) 
1 (14%) 

 
4 (0-18) 

 
 

2 (29%) 
5 (71%) 

 
 

6 (85%) 
4 (40%) 
4 (2-9) 

45 (20-200) 
25 (17-150) 
 
23 (23-80) 

 
55± 3 

4 (40%) 
24.7 ± 1.3 

 
 

6 (60%) 
4 (40%) 

 
 

7 (70%) 
3(30%) 

 
 

4 (40%) 
6 (60%) 

0 
 

0.5 (0-8) 
 
 

1 (10%) 
9 (90%) 

 
 

8 (80%) 
4 (67%) 
3 (2-8) 

34.5 (10-86) 
27(10-49) 

 
4 (1-4220) 

 
0.598 
0.134 
0.969 

 
 
 

0.334 
 
 

0.227 
 
 
 
 

0.434 
 
 

0.183 
 
 

0.536 
 
 
 

1..0 
0.608 
0.599 
0.215 
0.43 

 
0.047 

Continues variables are expressed as median (IQR). Abbreviations: µ, mean; Kg, Kilograms, 
BMI, body mass index 
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4.1. Demographics Characteristics 

4.1.1. Primary Tumor Characteristics 

Primary tumour location was as follows: Arm 1; 100% of the patients had the 

primary tumour in the colon, and Arm 2; 70% (7 patients) had the primary tumor in the 

colon and 30% (3 patients) in the rectum, p= 0.334. Based on the TNM score classification 

for malignant tumours, the primary cancers in both Arms were comparable (Table 1).  

 

4.1.2. Metastatic Tumour Disease 

Synchronous metastatic disease was present in 6 patients (85%) in Arm 1 vs 8 

patients (80%) in Arm 2, p= 1.0.  Bilobar tumour involvement was observed in 4 patients 

(57%) in Arm 1 compared to 4 patients (40%) in the Arm 2, p= 0.608. The median number 

of liver metastatic lesions in Arm 1 was 4 (interquartile range [IQR] 2-9) and 3 in Arm 2 

(2-8), p= 0.599 (Table 1).  

The median size of the largest lesion (mm) before chemotherapy treatment was 45 

mm (20 mm-200 mm) in Arm 1 and 34.5 mm (10 mm-86 mm) in Arm 2, p=0.215.  After 

chemotherapy treatment, there was a decrease in the median size of previous largest lesion; 

25 mm (17 mm-150 mm) in Arm 1 and 27 mm (10 mm-49 mm) in Arm 2, p= 0.430 (Table 

1). 

The levels of Carcinoembryonic Antigen (CEA µ mL) before chemotherapy 

treatment was significantly higher in the Arm 1, 23 (23-80) compared to Arm 2, 4 (1-4220), 

p=0.0478 (Table 1). 
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4.1.3. Chemotherapy Characteristics 

Of the 17 patients that underwent liver resection, all received neo-adjuvant 

chemotherapy treatment. Patients received either single regimen with FOLFOX or 

combined regimen FOLFOX or FOLFIRI with Bevacizumab. Most of the patients in Arm 

1 had combined regimen 5/7 (71%), while most of the patients in the Arm 2 had single 

regimen with FOLFOX  7/10 (70%), p= 0.095. The median number of chemotherapy cycles 

was 6 (5-11) in Arm 1 vs 5 (1-7) in Arm 2, p=0.439. The median time off (days) 

chemotherapy prior liver resection was 50 days (32-72 days) in Arm 1 and 51 days (27-184 

days) in Arm 2, p=0.830 (Table 2). Of the 7 patients in Arm 1, 6 (86%) showed 

radiologically chemotherapy response, compared to 7 of 10 patients (70%) in Arm 2, 

p=0.338 (Table 2). 

 

4.1.4. Surgical approach  

One patient in Arm 1 (14%) underwent an extra hepatic simultaneous resection (low 

anterior resection, LAR), whereas 3 patients (30%) in Arm 2 (2 patients had LAR and 1 

patient had an abdominal perineal resection, APR), p= 0.198 (Table 3). The estimated 

blood loss in Arm 1 was significantly higher compared with Arm 2, median of 1000 ml 

(400ml-2500ml) vs 205 ml (50ml-7000ml), respectively, p= 0.013.  However, the number 

of patients that received blood transfusion was similar in both Arms, 2 each, p =1.0. The 

range of red blood cells packs per patient was .8 (0-4) in Arm 1 vs 0.9 (0-7) in Arm 2, 

p=0.933. 
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TABLE 2. TRANSLICH STUDY POPULATION CHEMOTHERAPY CHARACTERISTICS 

 
VARIABLE 

ARM 1 
 ALPPS 

N= 7 

ARM 2  
SINGLE STAGE  

LIVER RESECTION 
N= 10 

 
p=  0.05 

Chemotherapy characteristics 
      Chemotherapy prior surgery, n (%) 
      ³ 6 Cycles chemotherapy 
  
Type of chemotherapy 
     Single Regimen 
             FOLFOX 
     Combined regimen 
            FOLFOX or FOLFIRI /Bevacizumab 
 
Time off chemotherapy prior  
to liver resection (days) 
 
 
Chemo-response, radiology n (%) 
    

 
7(100%) 
6 (5-11) 

 
 
 

2 (29%) 
 

5 (71%) 
 

 
50 (32-72) 

 
 

6 (86%) 

 
10 (100%) 

5 (1-7) 
 
 
 

7 (70%) 
 

3 (30%) 
 
 

51 (27-184) 
 
 

7 (70 %) 

 
NS 

0.439 
 
 
 
 

0.095 
 
 
 

0.830 
 
 

0.338 
 

Continues variables are expressed as median (IQR). Abbreviations: single regimen, refers to single 
regimen either FOLFOX, FOLFIRI; combined regimen, refers to combination either  FOLFOX or 
FOLFIRI with Bevacizumab. 
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TABLE 3. TRANSLICH STUDY POPULATION SURGICAL CHARACTERISTICS 

 
VARIABLE 

 
ARM 1  
ALPPS 

N= 7 

ARM 2  
SINGLE STAGE  

LIVER 
RESECTION 

N= 10 

 
p=  0.05 

Type of liver resection, n (%) 
     Extended hemihepatectomy 
     Hemihepatectomy 
     ³ 3 wedges resected 
 
Extrahepatic simultaneous procedures, n (%) 
     Low Anterior Resection 
     Abdominal perineal resection 

 
7 (100%) 

0 
0 
 

 
1 (14%) 

0 

 
0 

5 (50%) 
5 (50%) 

 
 

2 (20%) 
1 (10%) 

 
 

0.002 
 
 

 
 

0.198 
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4.1.5. Future Liver Remnant (ALPPS group) 

The median interval phase in days between the two stages in the Arm 1 was 9 (7-40 

days). Of the 7 patients in Arm 1, the mean %FLR/total liver volume prior the stage one 

was 20  ± 2.2. The percentage  hypertrophy of FLR/Total liver volume after stage 1 was 35 

± 1.6.(Table 4) 

4.1.6. Surgical Outcomes 

4.1.6.1. Complications 

Six of 7 patients in Arm 1 (85%) had post-surgical complications versus 4 of 10 in 

Arm 2 (40%), p=0.050. Of these 6 complications in Arm 1, 66% were minor complications 

and 17% were major or severe complications, while in Arm 2 these values were, 25%, 50%, 

25%, respectively, p=0.405. The total length of hospital stay was significantly higher in 

Arm 1 due the fact of two stage procedure, 17.5 days (14-33) in Arm 1 compared with 7 

days (4-62 days) in Arm 2, p=0.020 (Table 5). 

4.1.6.2. Liver histopathology  

R0 resection was presented in 85% of the cases in Arm 1 and 100% of the cases in 

Arm 2. The median resection margin was significant higher in Arm 1, 20 mm (8mm -55 

mm) compared with Arm 2, 5 mm (1mm-14mm), p= 0.009.  Based on the histopathology, 

all 7 patients in Arm 1 (100%) showed chemotherapy response, versus only 5 patients 

(50%) in Arm 2, p=0.026. Also, the rate of tumour necrosis related with the chemotherapy 

response was higher in Arm 1; 80 (75-100) vs 5 (0-100) in Arm 2, p=0.009 (Table 5). 
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TABLE 4.  LIVER VOLUME ALPPS GROUP 

VARIABLE ARM 1 ALPPS 
N= 7 

 
Interval Phase in days, median (range) 
 
% Future Liver Remnant/Total liver volume (SD) 
 
% Future Liver Remnant/Total liver volume after stage 1, mean (SD) 

 
9 (7-40) 

 
20 ± 2.2 

 
35 ± 1.6 
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TABLE 5. TRANSLICH STUDY POPULATION POSTOPERATIVE  OUTCOMES 

 
VARIABLE 

ARM 1 
 “ALPPS” 

N= 7 

ARM 2  
SINGLE STAGE 

 LIVER RESECTION 
N= 10 

P=  0.05 

Complications 
     Any complications, n (%) 
 
          Minor complications, Grade £ II 
          Major complications, Grade IIIa 
          Severe complications, Grade ³ IIIb 
 
90 days’ mortality 
Mortality 
       
Total length of hospital stays in days, 
 Median (range) 
 
Histopathology liver  
     Margins (mm) 
     Chemotherapy response, n % 
     Chemotherapy, tumour necrosis % (range) 
     R0 
     R1 

 
6 (85%) 

 
4 (66%) 
1 (17%) 
1 (17%) 

 
0 
3/7 (43%) 

 
17.5 (14-33) 

 
 
 

30 (8-55) 
7 (100%) 
80 (75-100) 
6 (85%) 
1 (15%) 

 
4 (40%) 

 
1 (25%) 
2 (50%) 
1 (50%) 

 
0 

2/10 (20%) 
 

7 (4-62) 
 

 
 

5 (1-14) 
5 (50%) 

5 (0-100) 
10 (100%) 

0 

 
0.050 

 
 

0.405 
 

 
 

NS 
 

0.020 
 
 

 
0.009 
0.026 
0.009 
0.411 
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4.2. Circulating tumour cells 

Evaluation of CTC status in the 24 patients recruited in the study is summarized in 

Table 6. Due to logistical challenges, CTCs were only assessed in 2/10 patients prior to the 

start of chemotherapy in Arm 1 and in 5/14 patients in Arm 2. The findings showed positive 

CTCs in 1 (50%) patient of Arm 1 (1-4 cells), and 3 (50%) patients in Arm 2 (1-6 cells), 

p= 0.999. Moreover, assessment of CTC status was performed after completed 

chemotherapy for all of the 24 patients recruited in the study; 10/10 patients in Arm 1 and 

14/14 in Arm 2. At this time-point, none of the 10 patients in Arm 1 showed positive CTCs 

cells, whereas 2/14 (15%) patients in Arm 2 had positive CTCs (1-5 cells), p= 0.266. 

Furthermore, one patient with positive CTCs, ³3 (5 cells) in Arm 2 after completion of 

chemotherapy was found to have progression of disease on imaging and was  therefore 

withdraw from the study, p=0.0012 (Table 6). 

From the 24 patients that initiated the study, 17 completed liver resection, 7 patients 

in Arm 1 and 10 patients in Arm 2, and CTC status was evaluated after stage 1 (time-point 

3a) and stage 2 (time-point 3b) in the case of Arm 1, and compared with the control group 

of single stage liver resection in Arm 2. Among the 7 patients with CTCs available after 

stage 1, two (28.6%) patients had positive CTCs (1-2 cells), and one (17%) patient 

presented with positive CTCs (1 cell) after completing both stages. On the other hand, 4 

(44%) patients in Arm 2 presented with positive CTC status (1-2 cells), after completed 

single staged resection, p=0.286 (Table 6) (Figure 18).  
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TABLE 6.   Circulating tumour cell assessment of the 24 patients recruited for the study. 

Group Liver metastases CTCs  Time-Points Outcome 

ARM 1 Sync 
 

N of 
lesio

ns 

Size 
prior 

chemo 
(mm) 

Size 
After 
chem

o 
(mm

) 

CEA 
(µ/M

L) 

# 
Chemo 
Cycles 

Type 
of 

Chemo 

1 2 3a 3b 4 Death 
 

1 
2 

    3¯ a 
    4¯ b 

5 
6 
7 

    8¯ b 
9 

10 

Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

4 
9 
4 
3 
2 
2 
7 
4 
3 
3 

20 
22 
32 
26 
96 
90 
45 
20 

200 
20 

18 
22 
32 
26 
65 
46 
25 
15 

150 
17 

80 
6.2 
2 

5.4 
- 

26 
65 

102 
80 
8.3 

11 
6 
3 

12 
5 
6 
5 
6 
6 
6 

F/B 
FX 
Cap 
FX 

FR/B 
FX 

FX/B 
FR 

FX/B 
FX/B 

- 
- 
- 
- 
- 
- 
- 
- 
4 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
2 
¯ 

¯ 

0 
0 
0 
¯ 
1 
0 

0 
-d 

¯ 
¯ 

0 
0 
0 
¯ 
1 
0 

0 
1 
¯ 
¯ 

0 
0 
-d 

¯ 
0 
0 

Yes 
YesR 

¯ 
¯ 

No 
No 
Yes 
¯ 

No 
No 

ARM 2   1 2  3 4  

11 
12 
13 

   14¯ c 
15 
16 
17 
18 
19 

     20¯ b 
     21¯ b 

22 
23 

   24¯ c 

Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 

5 
3 
8 
3 
4 
2 
2 
6 
4 
2 
4 
4 
2 
2 

14 
13 
34 
85 
35 
45 
16 
86 
10 
30 
40 
47 
48 
58 

10 
18 
19 

120 
35 
35 
14 
49 
15 
40 
40 
45 
48 
58 

4.3 
4.1 

28.1 
16 
- 

2.3 
2.1 

4220 
4.9 
6.6 
50 
2.0 
1.6 

. 
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Figure 18. Comparison of Circulating tumor cells (CTC) status after chemotherapy (time-
point 2) and after liver resection (time-point 3a and 3b).  CTC status was available in 17 
patients that underwent for liver resection (7 in ARM-1, and 10 in ARM-2).  After stage 1 
ALPPS, two patients had CTC positive status (1-2 cells). Among the 6 patients with CTC 
status after 2 stage ALPPS, none of the patients with prior CTC negative status were found 
positive after completed both stages. On the other hand, from the 10 patients in AMR-2 
with CTC status after completed single stage resection, 4 patients were found with CTC 
positive status. Number of CTC and status (positive or negative) (y-axis). Time-point of 
blood sample collection for (x-axis).  Open circles represent ARM-1, whereas open squares 
ARM-2.  



	

	

64	

The presence of CTCs was evaluated at follow-up (1-2 months after surgery) in the 

16 patients with CTC status available. Of the seven patients in Arm 1, one patient who had 

positive CTCs after surgery remained positive at follow-up (1 cell). Of the 4 patients in 

Arm 2 with positive CTCs after liver resection, only one (12.5%) patient remained with 

positive CTC status during follow-up assessment (1-6 cells), p=0.999. In both cases where 

CTC positive status remained at follow-up (one patient in each Arm), these patients 

developed tumor recurrence, p=0.0083 (Figure 19).  Among the 16 patients with CTC 

status available at follow-up, eleven (69%) with negative CTC status were found alive 

without recurrence and three (19%) patients died. Two (12%) patients with positive CTC 

status were found with recurrence and cancer related-death, p=0.0249 (Table 6). Of the 

five deaths in the present study, three (43%) deaths were in Arm 1 and two (20%) were in       

Arm 2, p=0.592. 
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Figure 19. Circulating tumor cells (CTC) assessment after surgery and follow-up. Number of CTC 
and status (positive or negative) (y-axis). Time-point of blood sample for both groups (Post-surgery, 
and Follow-up) (x-axis). CTC status was available in 16 patients after surgery (circles), open circles; 
negative CTC, whereas, blue circles; positive CTC, (1-2 cells). At follow up, CTC status was 
available in 15 patients, open squares; negative CTC and recurrence free, while, purple triangle, 
positive CTC with recurrence (1-6 cells). 
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4.3. MAIT Cells  

 4.3.1.  MAIT cells frequency differences between healthy volunteer’s and 

colorectal liver metastases patients. 

Initially, to assess whether our population with metastatic cancer presents with a 

different frequency of MAIT cells, we decided to compare our colorectal liver metastatic 

population with a healthy volunteer. We observed that our patients with CRLM had a 

reduced frequency of PBMCs a mean frequency of 3.3% MAIT cells was found, while the 

healthy volunteers had a mean of 5.3%. (Figure 20a). This observation was later verified 

by MR1Tet staining (Figure 20b). Moreover, we compared the frequency of MAIT cells in 

the healthy liver population with the frequency of MAIT cells within the tumour in our 

CRLM population.  We found a generalized trend towards a reduction in the frequency of 

MAIT cells within the tumour, 28% vs 21%, however, this difference did not reach 

statistical significance (p = 0.073) (Figure 20c,d). 
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Figure 20 a 

 

 

 

 

 

 

 

 

 

Figure 20 b 

 

Figure 20 a-b. Graphics comparing the frequency of MAIT cells in the peripheral blood (PBMCS) 
among healthy 13 volunteers, and CRLM patients. A series of representative dot-plots depicting two 
equivalent gating strategies for identifying MAIT cells by CD3+Va7.2+CD161++ or 5-OP-RU MR-1tet. 
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Figure 20 c 

 

 

 

 

 

 

 

 

 

Figure 20 d 

 

 

 

Figure 20 c-d. Graphics describing the frequency of MAIT cells in the healthy liver volunteers, and 
tumor from CRLM patients. A series of representative dotplots depicting two equivalent gating strategies 
for identifying MAIT cells by CD3+Va7.2+CD161++ or 5-OP-RU MR-1tet.  
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4.3.2. Immunological differences between ALPPS group and single stage live 

resection. 

To assess whether the liver in the patients undergoing ALPPS (ARM 1) with CRLM 

remains immunologically competent, we evaluated the frequency of MAIT cells among 

both groups. Thus, we analyzed the frequency of MAIT cells from the total CD3+ within 

the peripheral blood (PBMCs), liver, and tumor. Samples were taken during the liver 

resection, as described previously (Figure 15-16). Among the 17 patients underwent for 

liver resection, 7 blood samples were available in ARM 1, whereas, 9 blood samples were 

available in ARM 2 for comparison. We found comparable frequency of MAIT cells in 

peripheral blood in both groups. Patients in ARM 1 had a mean frequency of 2.5% MAIT 

cells while the patients in ARM 2 had a mean frequency of 2.7 %, p= 0.870. (Figure 21) 

Furthermore, we evaluated the frequency of MAIT cells in the liver, as well as the 

tumor. Interestingly, there was a trend towards an increase in MAIT cells in the ARM 1 

within the liver (28 % vs 17.42%), however, this difference was not statistical significance 

(p=0.067), (Figure 22). Then, we observed the frequency of MAIT cells within the tumor. 

ARM 1 had a mean frequency of 17.42%, while, ARM 2 had a mean of 10.42 %, p=0.308. 

(Figure 23). Altogether, we evaluated and compared whether the frequency of the MAIT 

cells was different among both groups (the three compartments), but no significant 

difference was observed, p=0.271. Figure.24 
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Figure 21. Graphic describing the frequency of MAIT cells in the peripheral blood 
(PBMCs) in ARM-1 and ARM 2.  
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Figure 22. We evaluated the frequency of MAIT cells in the liver in ARM-1 and ARM-2 
of CRLM patients.  
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Figure 23. Graphic describing the frequency of MAIT cell within the tumor in 
ARM-1 and ARM 2 of CRLM patients. 



	

	

73	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PBMCs
LIVER

Tumor
0

10

20

30

40

50

TranSLiCH Study

Fr
eq

. M
A

IT
 o

f C
D

3+

ARM 1
ARM 2

p=0.271

Figure 24.  Graphic describing the frequency of MAIT cells in: the peripheral blood, liver, 
and tumor, between ARM-1 and ARM-2. No significance difference regarding the frequency 
of MAIT cells was observed, p=0.271.  
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4.3.3. Immunological competency of the liver after chemotherapy treatment 

Having noted a large degree of variability in the frequency of MAIT cells, we 

wondered what impact the perioperative chemotherapy regimen was having on the 

frequency and functionality of MAIT cells. With the majority of patients receiving either 

single regimen of chemotherapy with FOLFOX, or combined chemotherapy regimen with 

FOLFOX plus bevacizumab (Table 2), thus, we categorized patients based on the regimen 

of chemotherapy and evaluated the impact of the number of cycles they received on the 

frequency of MAIT cells. To evaluate this, we grouped patients as follow: 1) those that 

received FOLFOX (9 patients); 2) those that received FOLFOX + bevacizumab (Avastin) 

(8 patients); and 3) a group that received no chemotherapy (5 patients). 

Although there was a slight upward trend in the patients who received FOLFOX 

alone, there was no correlation between the number of cycles received and the frequency 

of MAIT cells in blood (PBMCs), Hepatic MAIT cells (HMNCs), or tumor tissue. (Figure 

25a) In contrast, there was a strong negative correlation between the cycle number and 

frequency of MAIT cells in the peripheral blood and healthy liver tissue of patients treated 

with FOLFOX + bevacizumab (PBMC: r2 = 0.944, p = 0.0057; Liver r2 = 0.915, p = 0.011) 

(Figure 25b). While a similar trend was observed in the tumor, this did not reach statistical 

significance (r2 = 0.73, p = 0.067) (Figure 25b). 
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Figure 25a-25b. The frequency of MAIT cells depicted compared to the number of cycles of 
Folfox received (Figure 25a), and Folfox and bevacizumab received (Figure 25 b). r2 and p 
values were generated by Pearson analysis. Analyzes in the PBMCs, liver (HMNCs), and tumor 
was performed. Frequency of MAIT cells (y- axis), number of cycles (x-axis) 
 

FOLFOX	GROUP	

	FOLFOX	+	BEVACIZUMAB	
(AVASTIN)	GROUP	
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4.3.3.1. Perioperative chemotherapy fundamentally alters MAIT cell 

populations on CRLM patients. 

Given the influence of the perioperative chemotherapy on the frequency of MAIT 

cells, and high variability of activation observed following stimulation,                                          

both inside, and outside the tumor. Interestingly, while the frequency of MAIT cells varied 

depending on the perioperative chemotherapy regimen in the peripheral blood and liver, 

the responsiveness to stimulation (rIL-12 + rIL-18, SEB, and Klebsiella lystate) was highly 

similar in each case (Figure 26 A-C). Moreover, the degree of responsiveness of MAIT 

cells within the tumor was highest in the group that received FOLFOX, with individuals 

who did not receive chemotherapy showing low levels of activation, and the those who 

received FOLFOX + Avastin showing virtually no responsiveness (Figure 26 C). 

Unexpectedly, while not significant, both chemotherapy regimens appeared to enhance the 

responsiveness of MAIT cells to stimulation with rIL-12 combined with rIL-18, as noted 

by the general increase in IFN-g by peripheral blood and liver MAIT cells  (Figure 26 A 

and B). While a number of individuals that received FOLFOX alone showed some degree 

of responsiveness in the tumor, in contrast, MAIT cells within the tumor (with only one 

exception) of those who received FOLFOX + bevacizumab demonstrated a complete lack 

of a response (Figure 26 C). Interestingly, this patient was the only individual to receive 

FOLFOX + Avastin that did not achieve any tumor necrosis, which was typically greater 

than 75% (data not shown). While this provides a likely explanation for the increased 

responsiveness in this individual, it remains to be seen what impact tumor necrosis has on 

the activation or survival of MAIT cells. 



	

	

77	

Figure 26 A-C. Differential effect of chemotherapy on the function of MAIT cells in 

CRLM patients. 

Figure 26 A-C. Describes how patients who had received no chemotherapy, Folfox alone, or Folfox +bevacizumab responded 
to stimulation with a panel of MAIT cell mitogens. (A) Left - the frequency of IFN-g production by PBMC MAIT cells in 
response to medium, rIL-12 +rIL-18, SEB, or Klebsiella lysate. Right – The frequency of PBMC MAIT cells producing IFN-g 
in response to  rIL-12 +rIL-18 is depicted compared to the number of cycles of Folfox or Folfox + bevacizumab  received; (B) 
Left - the frequency of IFN-g production by HMNCs MAIT cells in response to medium, rIL-12 +rIL-18, SEB, or Klebsiella 
lysate. Right – The frequency of HMNCs MAIT cells producing IFN-g in response to  rIL-12 +rIL-18 is depicted compared to 
the number of cycles of Folfox or Folfox + bevacizumab  received; (C) Left - the frequency of IFN-g production by tumor 
MAIT cells in response to medium, rIL-12 +rIL-18, SEB, or Klebsiella lysate. Right – The frequency of tumor MAIT cells 
producing IFN-g in response to rIL-12 +rIL-18 is depicted compared to the number of cycles of Folfox or Folfox + bevacizumab 
received. 
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CHAPTER 5 

5. DISCUSSION 

5.1. ALPPS 

ALPPS has emerged as a novel surgical approach with the potential to improve the 

likelihood of resectability, specifically in those patients with extensive cancer disease and 

a small FLR. The two major ALPPS advantages are: rapid liver kinetic growth, and surgical 

complete resection of all disease compared to the conventional two-staged hepatectomy 

with PVE. (70)  

These proposed advantages of ALPPS have been counterbalanced by reports of high 

perioperative morbidity and mortality. The first published cohort described a 12% 

perioperative mortality rate (78), with other studies reporting similarly high perioperative 

mortality as well as severe morbidity in up to two-thirds of patients (79). Our single-center 

experience with ALPPS demonstrates consistently acceptable morbidity and no 

perioperative mortality throughout the study period. Our group has previously published 

an early experience with ALPPS, demonstrating no 90-day mortality in a pilot series of 14 

patients (80). In this short cohort, we again report no 90-day mortality in 7 patients, with a 

66% minor complication (Clavien-Dindo £ II) rate.  

 

5.2. Circulating tumor cells “CTCs” 

Circulating tumour cells have been shown to represent the concentration of cancer 

cells in the blood circulation.(81,82) Furthermore, the presence of ³3 CTCs has been 

associated with poor prognosis in patients with metastatic colorectal cancer. (81–83) 

Therefore, the research community has investigated their utility to serve as potential 

surrogate markers for early treatment response, by associating their presence and 
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elevation with disease recurrence or progression, with promising results. (83,84) 

Accordingly, in our current investigation, we  chose it as an evaluation tool to assess if the 

rapid and extensive hypertrophy that occurs during the ALPPS procedure for treatment of 

colorectal liver metastasis results in increased tumor cells dissemination and disease 

progression. 

We evaluated the positivity and levels of circulating tumour cells at different time-

points during the treatment. After completion of chemotherapy the presence of CTCs was 

assessed, and of the two patients with positive CTCs, the one who had ³3 CTCs was 

withdrawn from the study due to disease progression. This finding correlates with other 

reports and confirms the prognostic value for disease progression at this CTC cut-

off.(61,82) Moreover, CTCs were evaluated at the time of surgery (after first and second 

stage ALPPS) and compared with the control group (single stage major liver resection) to 

whether rapid hypertrophy results in tumor cells dissemination. The present results show 

that intraoperative mobilization of the liver and tumor, portal vein ligation, and liver 

partition with subsequently accelerated, and extensive liver hypertrophy, do not release or 

increase the CTCs after first and second stages of ALPPS, based on no significant 

difference in CTC compared with the control group. Since the 2 Arms were comparable 

with respect to the tumour load, these results should be considerable. However, no recent 

report has evaluated ALPPS at such situation that can reinforce and validate our 

information.  

Two staged hepatectomy with PVE has been used as an standard procedure to 

provide increased hypertrophy in patients with insufficient FLR requiring extensive liver 

resection. However, 20-30% of the patients do not reach the second staged due to tumor 

progression.(26) Interesting observations were made by a group of Norway (2), when CTCs 
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were assessed at surgery after two-staged liver resection with PVE in CRLM patients, it 

was observed that levels of CTCs where higher after the second staged, and these patients  

has worse DFS and OS in their population of study. Contrary to their findings, our results 

showed that ALPPS might provide better outcomes and less tumour cell dissemination. 

This might be explained by the shorter period of inter-staged waiting time, 7-10 days for 

ALPPS, compared with the 6-8 weeks during the classical two-staged hepatectomy with 

PVE, which could increase the time for tumor cell growth. (85–87) 

In our study, we also evaluated the presence of CTCs at 1-2 months’ follow-up post-

surgery, observing that all patients that remained with negative CTC status did not present 

with tumour recurrence, whereas the two patients who had showed positive CTCs had 

detectable recurrence. Interestingly, both remained positive during all time-points of the 

study. Furthermore, both patients with persistence and positivity of CTCs had cancer-

related death. This interesting association supports what other groups have reported in other 

types of cancers, (88) and suggests that persistence of positivity of circulating tumour cells 

might have  an impact on prognosis and patient outcomes. 

Another important observation in our results is related to the levels of CTCs. 

Whereas others groups have reported a cut-off  for better or worse outcomes (<3 or ³3 CTC 

in a 7.5 mL CTC/blood sample blood sample)(60,82). We observed that the presence and 

persistence of ³1 circulating tumour cells was correlated with worse prognosis. This 

indicates that, an ideal cut-off in metastatic colorectal cancer remains undetermined.  

In conclusion, in our present investigation detection of CTC serves as an important 

tool of prognostic value in patients undergoing for ALPPS for colorectal liver metastasis. 

These findings suggest firstly that accelerated and extensive hypertrophy was not 
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associated with more release of cancer cells and subsequently disease progression. 

Secondly, persistence and positivity of CTC at follow-up was significantly associated with 

disease progression. Nevertheless, due the small sample size and short follow-up, our 

results should be taken carefully. Further follow-up combined with serial analysis of CTCs 

should be considered for future investigation. 

5.3.  MAIT cells  

The ALPPS approach results in an accelerated and extensive hypertrophy of the 

FLR. However, limited evidence exists regarding the immunological competence of the 

FLR, particularly in patients with CRLM. The liver represents a unique immunological 

organ dominated by innate-like T lymphocytes. Recently, it has been shown that a mucosa-

associated invariant T cell population comprise 30%-50% of the total hepatic T 

lymphocytes. (42,45) MAIT cells are innate-like T lymphocytes that express the invariant 

TCRa (iTCRa) chain TRAV1-2-TRAJ33 (Vα7.2-Jα33 in humans) (89,90) and produce a 

plethora of pro- and/or anti-inflammatory cytokines (e.g., IFN-g, TNF-a, IL-17, IL-4, and 

IL-10) and various granzymes (A, B, K ,and M) when activated (91,92).  Given this 

particularity of MAIT cells, their high proportion within the liver microenvironment, and 

their potential role during the liver immune response, thus, we wondered whether their 

frequency and functionality was affected during ALPPS and perioperative chemotherapy. 

Despite their abundance both in the liver and at other mucosal sites, the role of 

MAIT cells in tumor surveillance remains largely unknown. Initially, to elucidate the role 

of MAIT cells in CRLM patients, we compared our CRLM patients with a healthy group 

of volunteers. We evaluated the MAIT cells frequency from the total CD3+ PBMCs, and 

their capacity to be activated by a panel of agonists in both groups. Interestingly, and in 
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contrast to the findings of other studies, in which the frequency of the MAIT cells in the 

peripheral blood of cancer patients did not change (93), we observed a significant reduction 

in MAIT cells frequency in the peripheral blood. Moreover, we observed a trend towards a 

reduction in the frequency of MAIT cells within the tumor.  

Observing this variability of the frequency of the MAIT cells, we wondered if the 

MAIT cells frequency exhibits different proportion in the ALPPS group. In a recent ALPPS 

cohort published  by our group (77), we demonstrate that the ALPPS liver appears to 

maintain its immune distribution, and that the liver cell composition of the FLR during the 

extensive and accelerated hypertrophy remains constant. Also, we found the liver cell 

populations proportion including CD4+ T cells, NKT cells, B cells, Kupffer cells, and 

including the MAIT cells increased significantly. In our current investigation, we focused 

on MAIT cells, and found that MAIT cells frequency in the peripheral blood (PBMCs) 

remains similar, but their proportion in the liver showed a trend towards increasing 

compared with the control group. These findings enhance, and validate our prior 

investigation(77), where we concluded that, while accelerated and extensive hypertrophy 

occurs within the FLR in the ALPPS population, an expansion of hepatic immune cells 

results as well. 

 Altogether, MAIT cell frequency in the liver of CRLM population is reduced 

compare with the healthy volunteers, but higher in those who underwent an ALPPS 

resection. This might be explained by the immune system activation, as a consequence of 

the inflammatory mechanism of the ALPPS resulting in rapid hypertrophy of the FLR, 

therefore suggesting an homogeneous immune cell restoration.  

Furthermore, although we observed an increase in MAIT cells frequency in the liver 

in the ALPPS group, we observed a suppression in their frequency within the tumour in 
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both groups, thus, we wondered whether this variability may be due the influence of the 

perioperative type of chemotherapy. As such, we aimed to determine whether the different 

type of regimens had an impact on the frequency and functionality of MAIT cells, both 

inside and outside the tumor. We observed a slight upward trend in the frequency of MAIT 

cells in the patients who received FOLFOX alone, but no correlation between the number 

of cycles received or the frequency of MAIT cells in PBMCs, liver, or tumor tissue was 

found.  On the other hand, a strong negative correlation between the cycle number and 

frequency of MAIT cells in the peripheral blood and healthy liver tissue of patients treated 

with FOLFOX + bevacizumab was observed. 

Our observation with respect to the association of responsiveness of the immune 

response with FOLFOX therapy is similar to what has been reported by other authors 

(94,95). During the latest report from the randomised control trial EORTC in 2015 (94), 

whether the immune response in CRLM was influenced by systemic therapy was 

investigated and was related with patient disease free survival. In particular, the 

investigators evaluated liver resection alone or with the addition of FOLFOX therapy. 

Interestingly, in the group treated with FOLFOX, they observed and increase in the CD3+ 

lymphocytes and mast cells inside the tumor, demonstrating a correlation between high 

CD3+ response and pathological response. This was also related to an improvement in the 

disease free survival. A similar association was also reported by Halama et al, 

demonstrating a highly density of CD3+, CD+8, and granzyme B+ T cells within the tumor 

margins of CRLM patients treated with FOLFOX therapy, and associated this with longer 

disease free and overall survival.(95)  

An explanation of how chemotherapy affects the immune response was offered by 

Zitovogel et al. Their hypothesis involves transitional mechanisms of lymphopenia, 
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followed by a high stimulation of more tumour infiltrating T-cells, thereby favoring 

chemokine attraction into the tumor, with subsequent tumor cell death. (94,96) 

In contrary to the findings in the FOLFOX, the combined regimen group 

experienced a decrease in MAIT cells frequency, and a lack of responsiveness after 

stimulation in those patients with more than 75 % of tumor necrosis. It is perplexing that 

the addition of bevacizumab a monoclonal antibody against a vascular endothelial growth 

factor (VEGF), could so drastically effect the frequency of MAIT cells. One explanation 

could be related to the regulation of the multidrug resistance gene 1 (MDR1), an ABC 

transporter known to provide MAIT cells with resistance to chemotherapy (44,93,97). 

Specifically, there have been reports that VEGF can induce the expression of MDR1 in 

various cell types (98). It remains plausible that MDRI expression by MAIT cells may be 

partially dependent on VEGF.  

Together, these results showed that chemotherapy affects the liver immune 

response, depending of the type of chemotherapy regimen received.  The findings suggest 

that FOLFOX therapy has immunostimulatory effects in the liver, while bevacizumab 

therapy leads to tumor necrosis with immunosuppressive side effects within the tumor. 

Each regimen seems to act in different pathway, and their therapeutics efficacy should be 

interpreted independently, giving the concept that chemotherapy should stimulate the 

immune response. Thus, the liver immune activation or suppression within the tumor may 

result underestimation of the regimen response.  

Although convincing, given the small sample size, a larger cohort is needed to 

validate these findings. Moreover, longer follow up is necessary to evaluated whether this 

variability in the responsiveness of the chemotherapy might have a prognostic impact. 

 



	

	

85	

6. REFERENCES 

1.  Globocan 2012 - Home [Internet]. [cited 2016 May 15]. Available from: 
http://globocan.iarc.fr/Default.aspx 
2.  Brudvik KW, Seeberg LT, Hugenschmidt H, Renolen A, Schirmer CB, Brunborg 
C, et al. Detection of Circulating Tumor Cells at Surgery and at Follow-Up Assessment to 
Predict Survival After Two-Stage Liver Resection of Colorectal Liver Metastases. Ann 
Surg Oncol. 2015 Nov;22(12):4029–37.  
3.  Worldwide data | World Cancer Research Fund International [Internet]. [cited 2016 
May 15]. Available from: http://www.wcrf.org/int/cancer-facts-figures/worldwide-data 
4.  Canadian-Cancer-Statistics-2015-EN.pdf [Internet]. [cited 2016 May 15]. 
Available from: 
https://www.cancer.ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/Can
adian%20cancer%20statistics/Canadian-Cancer-Statistics-2015-EN.pdf 
5.  Pawlik TM, Schulick RD, Choti MA. Expanding criteria for resectability of 
colorectal liver metastases. The Oncologist. 2008 Jan;13(1):51–64.  
6.  Jarnagin WR, Blumgart LH, editors. Blumgart’s Surgery of the Liver, Pancreas and 
Biliary Tract: 2-Volume Set, Expert Consult - Online and Print. 5E ed. 1844 p.  
7.  Clavien P-A, Sarr MG, Fong Y, Miyazaki M. Atlas of upper gastrointestinal and 
hepato-pancreato-biliary surgery [Internet]. 2015 [cited 2016 May 17]. Available from: 
http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&A
N=1066323 
8.  Operative techniques in liver resection. New York, NY: Springer Berlin 
Heidelberg; 2015.  
9.  Steeg PS. Tumor metastasis: mechanistic insights and clinical challenges. Nat Med. 
2006 Aug;12(8):895–904.  
10.  Haggar F, Boushey R. Colorectal Cancer Epidemiology: Incidence, Mortality, 
Survival, and Risk Factors. Clin Colon Rectal Surg. 2009 Nov;22(04):191–7.  
11.  Gustavsson B, Carlsson G, Machover D, Petrelli N, Roth A, Schmoll H-J, et al. A 
Review of the Evolution of Systemic Chemotherapy in the Management of Colorectal 
Cancer. Clin Colorectal Cancer. 2015 Mar;14(1):1–10.  
12.  Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W, et 
al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal 
cancer. N Engl J Med. 2004 Jun 3;350(23):2335–42.  
13.  Chibaudel B, Tournigand C, Andre T, de Gramont A. Therapeutic strategy in 
unresectable metastatic colorectal cancer. Ther Adv Med Oncol. 2012 Mar 1;4(2):75–89.  
14.  Hecht JR, Mitchell E, Chidiac T, Scroggin C, Hagenstad C, Spigel D, et al. A 
randomized phase IIIB trial of chemotherapy, bevacizumab, and panitumumab compared 
with chemotherapy and bevacizumab alone for metastatic colorectal cancer. J Clin Oncol 
Off J Am Soc Clin Oncol. 2009 Feb 10;27(5):672–80.  
15.  Andreou A, Aloia TA, Brouquet A, Dickson PV, Zimmitti G, Maru DM, et al. 
Margin Status Remains an Important Determinant of Survival After Surgical Resection of 
Colorectal Liver Metastases in the Era of Modern Chemotherapy: Ann Surg. 2013 
Jun;257(6):1079–88.  
16.  Schwarz RE, Abdalla EK, Aloia TA, Vauthey J-N. AHPBA/SSO/SSAT sponsored 
consensus conference on the multidisciplinary treatment of colorectal cancer metastases. 
HPB. 2013 Feb;15(2):89–90.  



	

	

86	

17.  Nikfarjam M, Shereef S, Kimchi ET, Gusani NJ, Jiang Y, Avella DM, et al. 
Survival outcomes of patients with colorectal liver metastases following hepatic resection 
or ablation in the era of effective chemotherapy. Ann Surg Oncol. 2009 Jul;16(7):1860–7.  
18.  Silberhumer GR, Paty PB, Denton B, Guillem J, Gonen M, Araujo RLC, et al. 
Long-term oncologic outcomes for simultaneous resection of synchronous metastatic liver 
and primary colorectal cancer. Surgery. 2016 Apr 11;  
19.  Pawlik TM, Schulick RD, Choti MA. Expanding criteria for resectability of 
colorectal liver metastases. The Oncologist. 2008 Jan;13(1):51–64.  
20.  Shindoh J, Tzeng C-WD, Aloia TA, Curley SA, Zimmitti G, Wei SH, et al. Optimal 
Future Liver Remnant in Patients Treated with Extensive Preoperative Chemotherapy for 
Colorectal Liver Metastases. Ann Surg Oncol [Internet]. 2013 Aug [cited 2016 May 
15];20(8). Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3855465/ 
21.  Kishi Y, Abdalla EK, Chun YS, Zorzi D, Madoff DC, Wallace MJ, et al. Three 
hundred and one consecutive extended right hepatectomies: evaluation of outcome based 
on systematic liver volumetry. Ann Surg. 2009 Oct;250(4):540–8.  
22.  Schnitzbauer AA, Lang SA, Goessmann H, Nadalin S, Baumgart J, Farkas SA, et 
al. Right portal vein ligation combined with in situ splitting induces rapid left lateral liver 
lobe hypertrophy enabling 2-staged extended right hepatic resection in small-for-size 
settings. Ann Surg. 2012 Mar;255(3):405–14.  
23.  Zhang G-Q, Zhang Z-W, Lau W-Y, Chen X-P. Associating liver partition and portal 
vein ligation for staged hepatectomy (ALPPS): a new strategy to increase resectability in 
liver surgery. Int J Surg Lond Engl. 2014;12(5):437–41.  
24.  Jarnagin WR, Blumgart LH, editors. Blumgart’s Surgery of the Liver, Pancreas and 
Biliary Tract: 2-Volume Set, Expert Consult - Online and Print. 5E ed. 1844 p.  
25.  Makuuchi M, Thai BL, Takayasu K, Takayama T, Kosuge T, Gunvén P, et al. 
Preoperative portal embolization to increase safety of major hepatectomy for hilar bile duct 
carcinoma: a preliminary report. Surgery. 1990 May;107(5):521–7.  
26.  Adam R, Laurent A, Azoulay D, Castaing D, Bismuth H. Two-stage hepatectomy: 
A planned strategy to treat irresectable liver tumors. Ann Surg. 2000 Dec;232(6):777–85.  
27.  Jaeck D, Oussoultzoglou E, Rosso E, Greget M, Weber J-C, Bachellier P. A two-
stage hepatectomy procedure combined with portal vein embolization to achieve curative 
resection for initially unresectable multiple and bilobar colorectal liver metastases. Ann 
Surg. 2004 Dec;240(6):1037–49; discussion 1049–51.  
28.  Clavien P-A, Petrowsky H, DeOliveira ML, Graf R. Strategies for safer liver 
surgery and partial liver transplantation. N Engl J Med. 2007 Apr 12;356(15):1545–59.  
29.  Aussilhou B, Lesurtel M, Sauvanet A, Farges O, Dokmak S, Goasguen N, et al. 
Right portal vein ligation is as efficient as portal vein embolization to induce hypertrophy 
of the left liver remnant. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2008 
Feb;12(2):297–303.  
30.  Bertens KA, Hawel J, Lung K, Buac S, Pineda-Solis K, Hernandez-Alejandro R. 
ALPPS: challenging the concept of unresectability--a systematic review. Int J Surg Lond 
Engl. 2015 Jan;13:280–7.  
31.  de Santibañes E, Clavien P-A. Playing Play-Doh to prevent postoperative liver 
failure: the “ALPPS” approach. Ann Surg. 2012 Mar;255(3):415–7.  
32.  Hasselgren K, Sandström P, Björnsson B. Role of associating liver partition and 
portal vein ligation for staged hepatectomy in colorectal liver metastases: a review. World 
J Gastroenterol. 2015 Apr 21;21(15):4491–8.  



	

	

87	

33.  Schadde E, Schnitzbauer AA, Tschuor C, Raptis DA, Bechstein WO, Clavien P-A. 
Systematic review and meta-analysis of feasibility, safety, and efficacy of a novel 
procedure: associating liver partition and portal vein ligation for staged hepatectomy. Ann 
Surg Oncol. 2015 Sep;22(9):3109–20.  
34.  Schadde E, Raptis DA, Schnitzbauer AA, Ardiles V, Tschuor C, Lesurtel M, et al. 
Prediction of Mortality After ALPPS Stage-1: An Analysis of 320 Patients From the 
International ALPPS Registry. Ann Surg. 2015 Nov;262(5):780–5; discussion 785–6.  
35.  Hernandez-Alejandro R, Bertens KA, Pineda-Solis K, Croome KP. Can we 
improve the morbidity and mortality associated with the associating liver partition with 
portal vein ligation for staged hepatectomy (ALPPS) procedure in the management of 
colorectal liver metastases? Surgery. 2015 Feb;157(2):194–201.  
36.  Heymann F, Tacke F. Immunology in the liver - from homeostasis to disease. Nat 
Rev Gastroenterol Hepatol. 2016 Feb;13(2):88–110.  
37.  Robinson MW, Harmon C, O’Farrelly C. Liver immunology and its role in 
inflammation and homeostasis. Cell Mol Immunol. 2016 May;13(3):267–76.  
38.  Jenne CN, Kubes P. Immune surveillance by the liver. Nat Immunol. 2013 
Oct;14(10):996–1006.  
39.  Racanelli V, Rehermann B. The liver as an immunological organ. Hepatol Baltim 
Md. 2006 Feb;43(2 Suppl 1):S54–62.  
40.  Liaskou E, Wilson DV, Oo YH, Liaskou E, Wilson DV, Oo YH. Innate Immune 
Cells in Liver Inflammation, Innate Immune Cells in Liver Inflammation. Mediat Inflamm 
Mediat Inflamm. 2012 Aug 9;2012, 2012:e949157.  
41.  Gao B. Basic liver immunology. Cell Mol Immunol. 2016 May;13(3):265–6.  
42.  Dusseaux M, Martin E, Serriari N, Péguillet I, Premel V, Louis D, et al. Human 
MAIT cells are xenobiotic-resistant, tissue-targeted, CD161hi IL-17-secreting T cells. 
Blood. 2011 Jan 27;117(4):1250–9.  
43.  Fergusson JR, Hühn MH, Swadling L, Walker LJ, Kurioka A, Llibre A, et al. 
CD161(int)CD8+ T cells: a novel population of highly functional, memory CD8+ T cells 
enriched within the gut. Mucosal Immunol. 2016 Mar;9(2):401–13.  
44.  Ling L, Lin Y, Zheng W, Hong S, Tang X, Zhao P, et al. Circulating and tumor-
infiltrating mucosal associated invariant T (MAIT) cells in colorectal cancer patients. Sci 
Rep [Internet]. 2016 Feb 3 [cited 2016 May 26];6. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4738248/ 
45.  Tang X-Z, Jo J, Tan AT, Sandalova E, Chia A, Tan KC, et al. IL-7 licenses 
activation of human liver intrasinusoidal mucosal-associated invariant T cells. J Immunol 
Baltim Md 1950. 2013 Apr 1;190(7):3142–52.  
46.  Fergusson JR, Fleming VM, Klenerman P. CD161-Expressing Human T Cells. 
Front Immunol [Internet]. 2011 [cited 2016 Jul 27];2. Available from: 
http://journal.frontiersin.org/article/10.3389/fimmu.2011.00036/abstract 
47.  Kurioka A, Ussher JE, Cosgrove C, Clough C, Fergusson JR, Smith K, et al. MAIT 
cells are licensed through granzyme exchange to kill bacterially sensitized targets. Mucosal 
Immunol. 2015 Mar;8(2):429–40.  
48.  Marcolino I, Przybylski GK, Koschella M, Schmidt CA, Voehringer D, Schlesier 
M, et al. Frequent expression of the natural killer cell receptor KLRG1 in human cord blood 
T cells: correlation with replicative history. Eur J Immunol. 2004 Oct;34(10):2672–80.  
49.  Pantel K, Speicher MR. The biology of circulating tumor cells. Oncogene. 2016 
Mar 10;35(10):1216–24.  



	

	

88	

50.  Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition. J Clin 
Invest. 2009 Jun;119(6):1420–8.  
51.  Alix-Panabières C, Pantel K. Challenges in circulating tumour cell research. Nat 
Rev Cancer. 2014 Sep;14(9):623–31.  
52.  Massagué J, Obenauf AC. Metastatic colonization by circulating tumour cells. 
Nature. 2016 Jan 21;529(7586):298–306.  
53.  Massagué J, Obenauf AC. Metastatic colonization by circulating tumour cells. 
Nature. 2016 Jan 20;529(7586):298–306.  
54.  Cristofanilli M, Hayes DF, Budd GT, Ellis MJ, Stopeck A, Reuben JM, et al. 
Circulating tumor cells: a novel prognostic factor for newly diagnosed metastatic breast 
cancer. J Clin Oncol Off J Am Soc Clin Oncol. 2005 Mar 1;23(7):1420–30.  
55.  Bidard F-C, Peeters DJ, Fehm T, Nolé F, Gisbert-Criado R, Mavroudis D, et al. 
Clinical validity of circulating tumour cells in patients with metastatic breast cancer: a 
pooled analysis of individual patient data. Lancet Oncol. 2014 Apr;15(4):406–14.  
56.  Mego M, Giordano A, De Giorgi U, Masuda H, Hsu L, Giuliano M, et al. 
Circulating tumor cells in newly diagnosed inflammatory breast cancer. Breast Cancer Res 
BCR. 2015;17:2.  
57.  Giuliano M, Giordano A, Jackson S, De Giorgi U, Mego M, Cohen EN, et al. 
Circulating tumor cells as early predictors of metastatic spread in breast cancer patients 
with limited metastatic dissemination. Breast Cancer Res BCR. 2014;16(5):440.  
58.  Goodman OB, Symanowski JT, Loudyi A, Fink LM, Ward DC, Vogelzang NJ. 
Circulating tumor cells as a predictive biomarker in patients with hormone-sensitive 
prostate cancer. Clin Genitourin Cancer. 2011 Sep;9(1):31–8.  
59.  de Bono JS, Scher HI, Montgomery RB, Parker C, Miller MC, Tissing H, et al. 
Circulating tumor cells predict survival benefit from treatment in metastatic castration-
resistant prostate cancer. Clin Cancer Res Off J Am Assoc Cancer Res. 2008 Oct 
1;14(19):6302–9.  
60.  Cohen SJ, Punt CJA, Iannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al. 
Relationship of circulating tumor cells to tumor response, progression-free survival, and 
overall survival in patients with metastatic colorectal cancer. J Clin Oncol Off J Am Soc 
Clin Oncol. 2008 Jul 1;26(19):3213–21.  
61.  Katsuno H, Zacharakis E, Aziz O, Rao C, Deeba S, Paraskeva P, et al. Does the 
presence of circulating tumor cells in the venous drainage of curative colorectal cancer 
resections determine prognosis? A meta-analysis. Ann Surg Oncol. 2008 
Nov;15(11):3083–91.  
62.  Denève E, Riethdorf S, Ramos J, Nocca D, Coffy A, Daurès J-P, et al. Capture of 
viable circulating tumor cells in the liver of colorectal cancer patients. Clin Chem. 2013 
Sep;59(9):1384–92.  
63.  Joosse SA, Gorges TM, Pantel K. Biology, detection, and clinical implications of 
circulating tumor cells. EMBO Mol Med. 2015 Jan;7(1):1–11.  
64.  CELLSEARCH® | Home [Internet]. [cited 2016 Jun 5]. Available from: 
http://www.cellsearchctc.com/ 
65.  Barbazán J, Muinelo-Romay L, Vieito M, Candamio S, Díaz-López A, Cano A, et 
al. A multimarker panel for circulating tumor cells detection predicts patient outcome and 
therapy response in metastatic colorectal cancer. Int J Cancer. 2014 Dec 1;135(11):2633–
43.  
66.  Krebs MG, Metcalf RL, Carter L, Brady G, Blackhall FH, Dive C. Molecular 



	

	

89	

analysis of circulating tumour cells-biology and biomarkers. Nat Rev Clin Oncol. 2014 
Mar;11(3):129–44.  
67.  Connor AA, McNamara K, Al-Sukhni E, Diskin J, Chan D, Ash C, et al. Central, 
But Not Peripheral, Circulating Tumor Cells are Prognostic in Patients Undergoing 
Resection of Colorectal Cancer Liver Metastases. Ann Surg Oncol. 2016 Jul;23(7):2168–
75.  
68.  Pilati P, Mocellin S, Bertazza L, Galdi F, Briarava M, Mammano E, et al. 
Prognostic value of putative circulating cancer stem cells in patients undergoing hepatic 
resection for colorectal liver metastasis. Ann Surg Oncol. 2012 Feb;19(2):402–8.  
69.  Jiao LR, Apostolopoulos C, Jacob J, Szydlo R, Johnson N, Tsim N, et al. Unique 
localization of circulating tumor cells in patients with hepatic metastases. J Clin Oncol Off 
J Am Soc Clin Oncol. 2009 Dec 20;27(36):6160–5.  
70.  Sun Z, Tang W, Sakamoto Y, Hasegawa K, Kokudo N. A systematic review and 
meta-analysis of feasibility, safety and efficacy of associating liver partition and portal vein 
ligation for staged hepatectomy (ALPPS) versus two-stage hepatectomy (TSH). Biosci 
Trends. 2015 Oct;9(5):284–8.  
71.  Husband JE, Schwartz LH, Spencer J, Ollivier L, King DM, Johnson R, et al. 
Evaluation of the response to treatment of solid tumours - a consensus statement of the 
International Cancer Imaging Society. Br J Cancer. 2004 Jun 14;90(12):2256–60.  
72.  Alvarez FA, Ardiles V, de Santibañes M, Pekolj J, de Santibañes E. Associating 
liver partition and portal vein ligation for staged hepatectomy offers high oncological 
feasibility with adequate patient safety: a prospective study at a single center. Ann Surg. 
2015 Apr;261(4):723–32.  
73.  Hernandez-Alejandro R, Bertens KA, Pineda-Solis K, Croome KP. Can we 
improve the morbidity and mortality associated with the associating liver partition with 
portal vein ligation for staged hepatectomy (ALPPS) procedure in the management of 
colorectal liver metastases? Surgery. 2015 Feb;157(2):194–201.  
74.  Schnitzbauer AA, Lang SA, Goessmann H, Nadalin S, Baumgart J, Farkas SA, et 
al. Right portal vein ligation combined with in situ splitting induces rapid left lateral liver 
lobe hypertrophy enabling 2-staged extended right hepatic resection in small-for-size 
settings. Ann Surg. 2012 Mar;255(3):405–14.  
75.  Strasberg SM. Nomenclature of hepatic anatomy and resections: a review of the 
Brisbane 2000 system. J Hepatobiliary Pancreat Surg. 2005;12(5):351–5.  
76.  Dindo D, Demartines N, Clavien P-A. Classification of surgical complications: a 
new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. 
2004 Aug;240(2):205–13.  
77.  Anantha RV, Shaler CR, Meilleur CE, Parfitt J, Haeryfar SMM, Hernandez-
Alejandro R. The Future Liver Remnant in Patients Undergoing the Associating Liver 
Partition with Portal Vein Ligation for Staged Hepatectomy Maintains the Immunological 
Components of a Healthy Organ. Front Med [Internet]. 2016 Aug 4 [cited 2016 Aug 19];3. 
Available from: http://journal.frontiersin.org/article/10.3389/fmed.2016.00032 
78.  Schnitzbauer AA, Lang SA, Goessmann H, Nadalin S, Baumgart J, Farkas SA, et 
al. Right portal vein ligation combined with in situ splitting induces rapid left lateral liver 
lobe hypertrophy enabling 2-staged extended right hepatic resection in small-for-size 
settings. Ann Surg. 2012 Mar;255(3):405–14.  
79.  Vivarelli M, Vincenzi P, Montalti R, Fava G, Tavio M, Coletta M, et al. ALPPS 
Procedure for Extended Liver Resections: A Single Centre Experience and a Systematic 



	

	

90	

Review. PloS One. 2015;10(12):e0144019.  
80.  Hernandez-Alejandro R, Bertens KA, Pineda-Solis K, Croome KP. Can we 
improve the morbidity and mortality associated with the associating liver partition with 
portal vein ligation for staged hepatectomy (ALPPS) procedure in the management of 
colorectal liver metastases? Surgery. 2015 Feb;157(2):194–201.  
81.  Allan AL, Keeney M. Circulating tumor cell analysis: technical and statistical 
considerations for application to the clinic. J Oncol. 2010;2010:426218.  
82.  Cohen SJ, Punt CJA, Iannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al. 
Prognostic significance of circulating tumor cells in patients with metastatic colorectal 
cancer. Ann Oncol Off J Eur Soc Med Oncol ESMO. 2009 Jul;20(7):1223–9.  
83.  Yalcin S, Kilickap S, Portakal O, Arslan C, Hascelik G, Kutluk T. Determination 
of circulating tumor cells for detection of colorectal cancer progression or recurrence. 
Hepatogastroenterology. 2010 Dec;57(104):1395–8.  
84.  Papavasiliou P, Fisher T, Kuhn J, Nemunaitis J, Lamont J. Circulating tumor cells 
in patients undergoing surgery for hepatic metastases from colorectal cancer. Proc Bayl 
Univ Med Cent. 2010 Jan;23(1):11–4.  
85.  Kokudo N, Tada K, Seki M, Ohta H, Azekura K, Ueno M, et al. Proliferative 
activity of intrahepatic colorectal metastases after preoperative hemihepatic portal vein 
embolization. Hepatol Baltim Md. 2001 Aug;34(2):267–72.  
86.  Hoekstra LT, van Lienden KP, Doets A, Busch ORC, Gouma DJ, van Gulik TM. 
Tumor progression after preoperative portal vein embolization. Ann Surg. 2012 
Nov;256(5):812–7; discussion 817–8.  
87.  Pamecha V, Levene A, Grillo F, Woodward N, Dhillon A, Davidson BR. Effect of 
portal vein embolisation on the growth rate of colorectal liver metastases. Br J Cancer. 2009 
Feb 24;100(4):617–22.  
88.  Wallwiener M, Riethdorf S, Hartkopf AD, Modugno C, Nees J, Madhavan D, et al. 
Serial enumeration of circulating tumor cells predicts treatment response and prognosis in 
metastatic breast cancer: a prospective study in 393 patients. BMC Cancer. 2014;14:512.  
89.  Porcelli S, Yockey CE, Brenner MB, Balk SP. Analysis of T cell antigen receptor 
(TCR) expression by human peripheral blood CD4-8- alpha/beta T cells demonstrates 
preferential use of several V beta genes and an invariant TCR alpha chain. J Exp Med. 1993 
Jul 1;178(1):1–16.  
90.  Tilloy F, Treiner E, Park SH, Garcia C, Lemonnier F, de la Salle H, et al. An 
invariant T cell receptor alpha chain defines a novel TAP-independent major 
histocompatibility complex class Ib-restricted alpha/beta T cell subpopulation in mammals. 
J Exp Med. 1999 Jun 21;189(12):1907–21.  
91.  Haeryfar SMM, Mallevaey T. Editorial: CD1- and MR1-Restricted T Cells in 
Antimicrobial Immunity. Front Immunol. 2015;6:611.  
92.  Howson LJ, Salio M, Cerundolo V. MR1-Restricted Mucosal-Associated Invariant 
T Cells and Their Activation during Infectious Diseases. Front Immunol. 2015;6:303.  
93.  Sundström P, Ahlmanner F, Akéus P, Sundquist M, Alsén S, Yrlid U, et al. Human 
Mucosa-Associated Invariant T Cells Accumulate in Colon Adenocarcinomas but Produce 
Reduced Amounts of IFN-γ. J Immunol Baltim Md 1950. 2015 Oct 1;195(7):3472–81.  
94.  Tanis E, Julié C, Emile J-F, Mauer M, Nordlinger B, Aust D, et al. Prognostic 
impact of immune response in resectable colorectal liver metastases treated by surgery 
alone or surgery with perioperative FOLFOX in the randomised EORTC study 40983. Eur 
J Cancer. 2015 Nov;51(17):2708–17.  



	

	

91	

95.  Halama N, Michel S, Kloor M, Zoernig I, Benner A, Spille A, et al. Localization 
and density of immune cells in the invasive margin of human colorectal cancer liver 
metastases are prognostic for response to chemotherapy. Cancer Res. 2011 Sep 
1;71(17):5670–7.  
96.  Zitvogel L, Apetoh L, Ghiringhelli F, André F, Tesniere A, Kroemer G. The 
anticancer immune response: indispensable for therapeutic success? J Clin Invest. 2008 
Jun;118(6):1991–2001.  
97.  Novak J, Dobrovolny J, Brozova J, Novakova L, Kozak T. Recovery of mucosal-
associated invariant T cells after myeloablative chemotherapy and autologous peripheral 
blood stem cell transplantation. Clin Exp Med. 2015 Sep 26;  
98.  Akiyama K, Ohga N, Hida Y, Kawamoto T, Sadamoto Y, Ishikawa S, et al. Tumor 
endothelial cells acquire drug resistance by MDR1 up-regulation via VEGF signaling in 
tumor microenvironment. Am J Pathol. 2012 Mar;180(3):1283–93.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

92	

APPENDIX 1:  

Research Ethics board HSREB Full Board Approval Notice 

 

 

 

 

 

 

 

 



	

	

93	

CURRICULUM VITAE 

 
Name:     Mauro Enrique Tun Abraham 
 
Education and Degrees:  Autonomous University of Campeche 
     Medical Doctor 
     Campeche, Mexico 

 2002.2008 
 
     National Autonomous University of Mexico 
     General Surgery 
     Mexico, D.F,  

   2010-2014 
 
 Western University 

     Mastery of Surgery 
     London, Ontario, Canada 

   2015-Present 
 

Western University 
HPB/Liver & Kidney Transplantation 
London, Ontario, Canada 
2016-2018 

 
Honours and     Outstanding medical school award, 
Awards:    Autonomous University of Campeche. 
     2002-2008 
 

Best average award in the internship, “Social 
Security Mexican Institute, Abraham Farah 
Hospital”, Campeche. 
2006-2007. 
 
Best average award in the first year of General 
Surgery Residency. “Social Security Mexican 
Institute, Bernardo Sepulveda Hospital, CMN S 
XXI ”, Mexico, D.F. 
2010-2011 
 
Participation during the first successful cadaveric 
donor liver transplantation at the “Social Security 
Mexican Institute, Bernardo Sepulveda Hospital, 
CMN S XXI “, Mexico, D.F. 2013 

 
 
 



	

	

94	

Other Experience: Group coordinator, Medical School, Autonomous 
University of Campeche. 

 2003-2005   
 
 Member, Student Society of Medical School, 

Autonomous University of Campeche. 
 2004-2007 
 

Observership, Latin American Training program 
(Colorectal, oncology, general surgery), William J. 
Harrington, Jackson Memorial Hospital. Miami, 
Florida (January - April). 
2008 
 
Observership, Minimal invasive surgery department, 
Mayo Hospital Jacksonville Florida (October). 
2012 

 
Observership, HPB surgery and MOTS, London 
Health Science Centre, Western University. London 
Ontario Canada, (April - June). 
2014 

Publications: 
 

1. Christopher R. Shaler*, Mauro E. Tun-Abraham*, Khashayarsha 
Khazaie, Alexandra J. Corbett, James McCluskey, Tina Mele, 
Alison L. Allan, Roberto Hernandez-Alejandro, and S.M. Mansour 
Haeryfar. MAIT cells infiltrate hepatic metastases of colorectal 
carcinoma but become dysfunctional within and adjacent to tumor 
microenvironment (Submitted to PLOS Pathogens). 

2. Al Hasan I, Tun-Abraham ME, Kerollos Wanis, Garcia-Ochoa C, 
Bnadar Al Judabi, Hernandez-Alejandro R. ALPPS. Optimizing 
ALPPS Outcomes, Surgical experience or Appropriate Patients 
Selection?. (Submitted Saudi Journal) 

3. Kerollos N Wanis, Karen Pineda-Solis,Tun-Abraham ME, Jake 
Yeoman, Stephen Welch, Kelly Vogt, MD, MSc1, Julie Ann Van 
Koughnett, Michael Ott, Roberto Hernandez-Alejandro. 
Synchronous colorectal cancer and colorectal liver metastases: 
impact of multidisciplinary case conference review. (HPB surgery  
and Nutrition, 2017) 

4. Kerollos N Wanis, Suzana Buac, Tun-Abraham ME, Michael 
Linecker, Victoria Ardiles, Eduardo de Santibañes3, Pierre-Alain 
Clavien, Roberto Hernandez-Alejandro. Outcomes of simultaneous 
ALPPS and colorectal resection for colorectal liver metastases: 
results from the International ALPPS Registry. World Journal Of 
Surgery 2016.  

5. Christopher R. Shaler, Patrick T. Rudak, Joshua Choi, Arash 



	

	

95	

Memarnejadian, Tun-Abraham ME, John K. McCormick, Olivier 
Lantz, Roberto Hernandez-Alejandro, S.M. Mansour Haeryfar 
Mucosa-associated invariant T cells launch robust TCR-dependent 
and -independent responses to bacterial superantigens and quickly 
acquire an anergic phenotype that impedes their cognate activation. 
(Submitted to PLOS Pathogens) 

6. Madeline Lemke, Calvin H.L. Law, Jennifer Li, Elijah Dixon , 
Mauro Enrique Tun-Abraham, Roberto Hernandez Alejandro, 
Sean Bennett, Guillaume Martel, Paul J. Karanicolas. The Three 
Point Transfusion Risk Score in Hepatectomy. (Submitted 2016) 

7. Tun-Abraham ME, K. Pineda-Solis, D. Paskar, H.A. Cano, D. 
Quan, R. Hernandez-Alejandro. The influence of the 
multidisciplinary cancer conference era on the management of 
colorectal liver metastases.  Can J Surg, Vol. 58, (4 Supple 2), 
August 2015. 

8. K. Pineda-Solis, Tun-Abraham ME, D. Mirsattari, H.A. Cano-
Gonzalez, D. Paskar, R. Hernandez-Alejandro.  How does 
simultaneous resection of colorectal liver metastases impact 
chemotherapy administration? Can J Surg, Vol. 58, (4 Supple 2), 
August 2015. 

9. Toledo-Toral C, Guerrero-Franco N, Mauro Enrique Tun-
Abraham. ” Surgical treatment of pancreatic pseudocyst ". Cir Cir. 
2016;84: No 4. 

10. Mauro Enrique Tun-Abraham, Martinez JL, Vargas A, Sanchez 
JJ, Perez E, Zaleta O.(2015) L-lactate as a serum marker in  
intestinal ischemia in patients with complicated intestinal occlusion. 
Cir Cir 2015;83. 

11. Mauro Enrique Tun-Abraham, Martinez JL, Obregón G, Romero 
L.(2015) Acute Pancreatitis associated with  hypercalcemia: Report 
of four Cases. Cir Cir 2015;81. 

12. Mauro Enrique Tun-Abraham, Martinez JL, Romero T. (2014) 
Hepatic Artery pseuoaneurysm: Report of two cases. Cir Cir 
2014;82:674-679. 

13. Mauro Enrique Tun-Abraham (2004). Helicobacter pylori 
infection in patients with gastric cancer review. The gazette 
university of Campeche, 2004; April 15.  

Abstracts 
2017: 

1. Mauro Enrique Tun-Abraham, Lori Lowes, Christopher Ryan Shaler, 
Kerollos N Wanis, Tina Mele1, Mansour Haeryfar, Alison Allan, 
Roberto Hernandez-Alejandro. Does accelerated liver hypertrophy 
caused by the ALPPS procedure lead to circulating tumour cell 
dissemination in patients with colorectal liver metastases?. AHPB 2017 

2. Madeline Lemke, Calvin H.L. Law , Jennifer Li , Elijah Dixon, Mauro 
Tun Abraham, Roberto Hernandez Alejandro, Sean Bennett, 
Guillaume Martel, Paul J. Karanicolas, The Three Point Transfusion 
Risk Score in Hepatectomy. AHPB 2017 



	

	

96	

3. H. Sharma, Mauro Tun-Abraham, I. Al-Hasan, B. Al-Harbi, Alp 
Sener, P Luke, D. Quan. Modular Training in Organ Procurement, in the 
Present Era of High BMI Donors: Validation by Results. American 
Society of Transplant: American Society of transplant Winter 
Surgeons Symposium 2017 

4. H. Sharma, Mauro Enrique Tun-Abraham, David M. Mikhail, 
Jingwen Chen,Patrick P. Luke, Alp Sener. Non Inferior outcomes 
of DCD renal transplant compared to DBD renal transplant from kidneys 
procured from donors more than 50 years of age. American Society of 
Transplant: American Society of transplant Winter Surgeons 
Symposium 2017 

2016 
1. Mauro Enrique Tun-Abraham, Kerollos N Wanis, Carlos Garcia-

Ochoa, Hemant Sharma, Ibrahim Al Hasan, Bandar Al-Judabi, Mark 
Levstik, Roberto Hernandez-Alejandro. Can we improve Ischemia 
Cholangiopathy in Donation after Cardio Circulatory Death Liver 
Transplantation: A Canadian Single-Centre experience. CTS 2016 

2. Mauro Tun-Abraham, Cesar Ploneda-Valencia, Ibrahim Al-Hasan, 
Natalie Sela, Roberto Hernandez-Alejandro. Simultaneous Liver 
Transplantation and total pancreatectomy for Primary Biliary Cirrhosis 
and Intraductal Papillary Mucinous Neoplasm. ILTS Seoul Korea 2016. 

3. Mauro Tun-Abraham, K. Pineda-Solis, Wanis N K, Garcia-Ochoa C, 
Al Hasan I, Sharma H, Hernandez-Alejandro R. Is there is a learning 
curve in Donation after Cardiac Death Liver transplantation: a Canadian 
single-centre experience. AHPBA. 2016 Sao Paulo Brazil  

4. Ibrahim Al-Hasan, Mauro Tun-Abraham, Hemant Sharma, Roberto 
Hernandez-Alejandro. Outcomes of Grafts Designated as Exceptional 
Distribution in Liver Transplantation. ILTS Seoul Korea 2016. 

5. Ibrahim Al-Hasan, Mauro Tun-Abraham, Garcia-Ochoa C, 
Hernandez-Alejandro R. ALPPS. Optimizing ALPPS Outcomes, 
Surgical experience or Appropriate Patients Selection?. AHPBA. 2016 
Sao Paulo Brasil. 

6. Kerollos N Wanis, Suzana Buac, Mauro Tun-Abraham, Michael 
Linecker, Victoria Ardiles, Eduardo de Santibañes3, Pierre-Alain 
Clavien, Roberto Hernandez-Alejandro. Outcomes of simultaneous 
ALPPS and colorectal resection for colorectal liver metastases: results 
from the International ALPPS Registry. AHPBA. 2016 Sao Paulo Brasil 

7. Al Hasan I, Sharma H, Mauro Tun-Abraham, Douglas Quan. A Multi-
Modal Approach for Training in Liver Procurement Accelerates 
Proficiency Gain. American Transplant Congress.  2016 Boston US.  

8. H. Sharma, I. Al-Hasan, K. Pineda-Solis, Mauro Tun-Abraham, P. 
Marotta, D. Quan, M. Levstik. London Criteria for Listing Potential 
Liver Transplant Jehovah's Witness (JW) Patients. A Single Centre 
Results of Listing and Liver Transplant (LT) in JW Patients in Canada. 
American Transplant congress . 2016 Boston US 

 
 



	

	

97	

2015 
 

1. Mauro Tun-Abraham, Pineda-Solis K, Hernandez-Alejandro R. 
(2015) Outcomes of multidisciplinary cancer conferences in colorectal 
liver metastases. Canadian Surgery Forum 2015 Quebec City. 

2. Mauro Tun-Abraham, Hernandez-Alejandro R. Monosegment 
ALPPS Hepatectomy: Extending resectability by rapid Hypertrophy.  
Canadian Surgery Forum 2015. Quebec City  

3. Mauro Tun-Abraham, Pineda-Solis K, Hernandez-Alejandro R. 
Simultaneous resection for colorectal liver metastases: 5 years 
experience. Canadian Surgery Forum 2015. Quebec City  

4. Mauro Tun-Abraham, Pineda-Solis K, Al-Hassan Ibrahim, Bertens 
Kimberly, Hernandez-Alejandro R. Two-stage hepatectomy Partition 
Hepatic and portal vein ligation (ALPPS): Challenging the concept of 
unresectability: systematic review. International congress of Mexico, 
Nuevo Leon, October 2015.  

5. Mauro Tun-Abraham, Pineda-Solis K, Al-Hassan Ibrahim, Bertens 
Kimberly, Hernandez-Alejandro. The First Assistant experience affects 
the resectability of periampullary neoplasms? International congress of 
Mexico, Nuevo Leon, October 2015.  

6. Pineda-Solis K, Al Hassan I, Mauro Tun-Abraham, Hernandez-
Alejandro R.(2015) ALPPS in London: 3 years of experience. 1st 
International Meeting on ALPPS. February 2015, Hamburg, Germany. 

7. Pineda-Solis K, Al Hassan I, Mauro Tun-Abraham, Hernandez-
Alejandro R.(2015) Segment 6 ALPPS. 1st International Meeting on 
ALPPS. February 2015, Hamburg, Germany 

2014 
1. Mauro Tun-Abraham, Knowles SA, Pineda K, Croome KP, Bertens 

K, Hernandez-Alejandro R. Intraoperative Ultrasound During Resection 
of Colorectal Liver Metastases: Impact on Surgical Strategy, Negative 
Resection Margins and Perioperative Blood Loss. Oral Presentation: 
“International congress of surgery”, Leon  Guanajuato  Mexico 2014.  

2. Mauro Tun-Abraham, Pineda K, Emmerton H, Lelie K, Hernandez-
Alejandro R. Surgical resection for pancreatic head cancer: How well 
are  doing? A retrospective institutional experience. Oral Presentation. 
“International congress of surgery”, Leon  Guanajuato  Mexico 2014. 

3. Mauro Tun-Abraham, Pineda K, Howe B, Hernandez-Alejandro R. 
Resection of colorectal liver Metastasis in Elderly. Oral Presentation.“ 
International congress of surgery”, Leon  Guanajuato  Mexico 2014.  

4. Mauro Tun-Abraham, Pineda K, Hernandez-Alejandro R. Associating 
Liver Partition and Portal Vein Ligation for Staged Hepatectomy 
(ALPPS) versus Portal Vein Embolization in the Management of 
Colorectal Liver Metastases. Oral Presentation. “International congress 
of surgery”, Leon  Guanajuato  Mexico 2014.  

5. Mauro Tun-Abraham, Martinez J. Acute Pancreatitis secondary to 
hyperparathyroidism adenoma. October 2014 “International congress of 
surgery”, Leon  Guanajuato 2014. 



	

	

98	

6. Mauro Tun-Abraham, Martinez JL, Romero T. (2014) Hepatic Artery 
pseuoaneurysm secondary to bile duct injure. October 2014 
“International congress of surgery”, Leon  Guanajuato 2014. 

7. Mauro Tun-Abraham. Surgical management of complications 
ascariasis: intussusception and Meckel. “International congress of 
surgery”, Leon  Guanajuato 2014. 

8. Mauro Tun-Abraham, Martinez JL. Intussusception jejunum-
duodenal in peutz-jeghers syndrome: a case report. October 2014 
“International congress of surgery”, Leon  Guanajuato 2014. 

2013 
1. Mauro Tun-Abraham, Vargas A, Sanchez JJ, Perez E. "Case report: 

Gallbladder duplication”. “International congress of surgery”, Acapulco 
Guerrero 2013. 

2. Mauro Tun-Abraham, Vargas A, Sanchez JJ, Perez E. "Case report: 
Perforated Cecal diverticulitis. “International congress of surgery”, 
Acapulco Guerrero 2013. 

3. Mauro Tun-Abraham, Sanchez P, Roman E. "Case report: 
Management of cervical esophageal stenosis, secondary to placement of 
cervical plate. “International congress of surgery”, Acapulco Guerrero 
2013.  

4. Mauro Tun-Abraham, Vargas A, Sanchez JJ, Perez E. "Case report: 
Strangulated internal Hernia ”. “International congress of surgery”, 
Acapulco Guerrero 2013. 

5. Romero L, Mauro Tun-Abraham, Romero T. Presentation of 
esophagus bronchogenic cyst as dysphagia. “International congress of 
surgery”, Acapulco Guerrero 2013. 

 
2012 

1. Mauro Tun-Abraham, Mandujano HE. "osteodystrophy aspect renal 
tumor in a case of secondary hyperparathyroidism. "International 
congress of Surgery”, Cancun Quintana Roo,  October 28, to November 
2  2012. 

2. Mauro Tun-Abraham, Mandujano HE (2012). " Wilkie syndrome”. 
International congress of Surgery, Cancun Quintana Roo,  October 28, 
to November 2  2012. 

3. Mauro Tun-Abraham, Mandujano HE, Avendaño I. "Mesenteric 
Thrombosis”. International congress of Surgery. Cancun Quintana Roo,  
October 28, to November 2  2012. 

4. Mauro Tun-Abraham, Mandujano HE, Trujillo Raul. “Hydatid cyst”. 
International congress of Surgery, Cancun Quintana Roo, October 28, 
to November 2 2012. 

5. Ayala Isai, Tun ME, Avendaño Ivan, Trujillo Raul (2012). "Upper GI  
bleeding secondary to Metastasic GIST " International congress of 
Surgery”, Cancun Quintana Roo,  October 28, to November 2  2012. 


	Translational Study of Liver Cancer and Hypertrophy: TranSLiCH
	Recommended Citation

	Microsoft Word - 2016.12.21ThesisMauroTranSLiH.docx

