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Introduction
• Liver regeneration induced by PVE/PVL (portal vein embolization/ 

ligation) is slow and requires several weeks until sufficient liver growth 

is achieved.

• ALPPS (associating liver partition and portal vein ligation for stages 

hepatectomy) accelerates liver regeneration and allows rapid liver 

resection.

• However, accelerated liver regeneration after ALPPS has been 

postulated to result in an incongruent increase of volume and function.

• This small animal model investigated that hypothesis by measuring liver 

volume and function using Gd-EOB-DTPA (gadolinium ethoxybenzyl-

diethylenetriaminepentaacetic acid) uptake kinetics in MRI (magnetic 

resonance imaging) in models of ALPPS, major liver resection (LR) and 

PVL.

Methods
• Eighteen Wistar rats (RjHan:WI) with a weight of 200-250g were 

randomly allocated to ALPPS, LR and PVL.

• Liver volume (2D-FLASH; TR/TE=4150/11; thickness 1mm) and function 

(2D-FLASH; TR/TE=589/8) of the FLR (future liver remnant = right 

median liver lobe) and DPL (deportalized liver lobe) were measured in 

T1-weighted MRI scans (7.0 T MR Solutions, Guildford, UK) until 

postoperative day (POD) 5.

• Primovist® (0.1mmol/kg, Bayer AG, Berlin, Germany) was injected via a 

central venous catheter during imaging procedure.

• Definition of LFFLR/DPL (liver function): 

!""!#/%&! [((/)*+] = .
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∗ 3"!#/%&![((]
Tmax FLR/DPL: time from injection of Primovist® to the blood pool-correctedspleen maximum signal intensity

VFLR/DPL: volume of the FLR/DPL

• Total liver function (TLF) was estimated by the sum of LFFLR plus LFDPL.

Fig. 1 Liver function increase in the FLR was fastest following LR, and there 

was no statistical difference between ALPPS and LR. Except for POD 4, liver 

function grew faster after ALPPS compared to PVL. (ALPPS n=6; LR n=6; 

PVL n=6)
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Fig. 2 A, B & C) On POD 1, liver volume increased more than function after ALPPS (p=.006), LR (p=.007) and PVL (p=.04). In 

all three model, volume and function increased proportionally from POD 2 on, while function exceeded volume increase in 

both, A) ALPPS and B) LR, but not in C) PVL. (ALPPS n=6; LR n=6; PVL n=6)

Fig. 3 A & C) In ALPPS and PVL, a significant decrease of TLF appeared on POD 1 (ALPPS: 60% (IQR: 57-68%), p<.001; PVL 

70% (IQR 54-76%), p=.01), but did not decrease more than 40% of the preoperative TLF (POD 0). B) Following LR, TLF was 

29% (IQR 24-35%, p<.001) on POD 1 and remained significantly reduced until POD 2 (59% (IQR 50-66%), p=.002) and 

POD 3 (74% (IQR 60-86%), p=.04). (ALPPS n=6; LR n=6; PVL n=6)

Conclusion
• This study rejects the hypothesis that rapid liver growth after ALPPS is 

dysfunctional.

• In ALPPS, LR and PVL, volume and function increased proportionally, 

except for POD 1.

• Function exceeded volume increase in both, ALPPS and LR, but not in 

PVL.

• Major liver resections results in an early loss of TLF that may explain 

their physiologic severity

• Contrast-enhanced MRI using Gd-EOB-DTPA enables dynamic liver 

functional assessment.
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Die Korrelation von tumor-assoziierten Makrophagen und Tumorprogress  

im hepatozellulären Karzinom – Eine Pilotstudie 

 

Einleitung: Das hepatozelluläre Karzinom (HCC) gehört zu den häufigsten 

Tumorerkrankungen weltweit und steht an vierter Stelle der tumor-assoziierten Mortalität 

(1). In 90% bildet sich das HCC auf Boden einer Leberzirrhose (2). Trotz des Fortschritts in 

Diagnostik und Therapie ist durch eine späte Diagnosestellung und der chronischen 

Leberschädigung eine chirurgische Resektion oder Transplantation nur in 30% möglich (3). 

Ablative Verfahren weisen wie die chirurgische Resektion eine hohe Zahl an Rezidiven auf 

(4). Für systemische Chemotherapien im palliativen Setting konnte bisher nur für Sorafenib 

eine Besserung der Prognose um wenige Monate gezeigt werden.  

Stand der Forschung: Entscheidend für Tumorprogress und Metastasierung scheint die 

Kommunikation der HCC-Zellen untereinander sowie das tumor microenvironment zu sein 

(5). Insbesondere Makrophagen werden eine entscheidende Rolle zugeschrieben. Anders als 

klassisch aktivierte M1-Makrophagen, welche eine pro-inflammatorische und somit anti-

tumorale Wirkung haben, weisen sich M2-Makrophagen durch eine anti-inflammatorische 

und pro-tumorale Wirkung aus. Mediatoren wie IL-4/-10 und ROS ausgehend von HCC-Zellen 

und bereits differenzierten M2-Makrophagen bewirken die Bildung weiterer M2-

Makrophagen, die sich wiederum durch eine Sekretion von Wachstumsfaktoren (z.B. EGF, 

VEGF), Proteasen (z.B. MMP-9), Chemokine und Zytokinen (z.B. IL-10, TGF-ß) auszeichnen, 

die verantwortlich sind für Tumorwachstum, Angiogenese und Metastasenbildung.  

Es konnte bereits gezeigt werden, dass ein vermehrtes Vorkommen von M2-Makrophagen 

im peritumoralen Gewebe von HCC-Patienten mit einer schlechten Prognose verknüpft ist 

(6). Bisher nur in Patienten mit einem Mammakarzinom gezeigt, besteht ein Zusammenhang 

zwischen im Blut zirkulierenden M2-Makrophagen und dem TN-Stadium sowie dem Grad der 

Differenzierung des Tumors (7). Die Rolle von zirkulierenden M2-Makrophagen im 

peripheren Blut von HCC-Patienten wurde bisher noch nicht untersucht.  

Ziel: Ziel dieser Arbeit ist es, erstmalig die Bedeutung von M2-Makrophagen für Patienten 

mit einem histologisch gesicherten HCC zu beschreiben. Es sollen hierfür neben der 

Bestimmung der peritumoralen Gewebeinfiltration durch M2-Makrophagen aus 
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Background. Orthotopic liver transplantation is a curative treatment for hepatocellular carcinoma
within Milan criteria, but these criteria preclude many patients from transplant candidacy. Recent
studies have demonstrated that downstaging therapy can reduce tumor burden to meet conventional
criteria. The present study reports a single-center experience with tumor downstaging and its effects on
post–orthotopic liver transplantation outcomes.
Methods. All patients with hepatocellular carcinoma who were evaluated by our multidisciplinary liver
services team from 2012 to 2016 were identified (N = 214). Orthotopic liver transplantation candidates
presenting outside of Milan criteria at initial radiographic diagnosis and/or an initial alpha-fetoprotein
>400 ng/mL were categorized as at high risk for tumor recurrence and post-transplant mortality.
Results. Of the 214 patients newly diagnosed with hepatocellular carcinoma, 73 (34.1%) eventually
underwent orthotopic liver transplantation. The majority of patients who did not undergo orthotopic
liver transplantation were deceased or lost to follow-up (47.5%), with 14 of 141 (9.9%) currently listed
for transplantation. Among transplanted patients, 21 of 73 (28.8%) were considered high-risk
candidates. All 21 patients were downstaged to within Milan criteria with an alpha-fetoprotein
<400 ng/mL before orthotopic liver transplantation, through locoregional therapies. Recurrence of
hepatocellular carcinoma was higher but acceptable between downstaged high-risk and traditional
candidates (9.5% vs 1.9%; P > .05) at a median follow-up period of 17 months. Downstaged high-risk
candidates had a similar overall survival compared with those transplanted within Milan criteria (log-
rank P > .05).
Conclusions. In highly selected cases, patients with hepatocellular carcinoma outside of traditional
criteria for orthotopic liver transplantation may undergo downstaging therapy in a multidisciplinary
fashion with excellent post-transplant outcomes. These data support an aggressive downstaging
approach for selected patients who would otherwise be deemed ineligible for transplantation. (Surgery
2017;162:1250-8.)
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HEPATOCELLULAR CARCINOMA (HCC) is the third
leading cause of cancer mortality worldwide.1 This
highly malignant tumor portends a median survival
of <1 year without treatment.2-8 Currently, ortho-
topic liver transplantation (OLT) and complete
surgical resection represent the only curative treat-
ment options for HCC.9,10 Surgical resection is
rarely possible in patients with cirrhosis due to un-
derlying liver disease and high tumor recurrence
rates.11 OLT, however, removes both the tumor
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