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CLINICAL STUDY

Portal vein embolization and application of autologous stem
cells in patients with primary unresectable liver tumours
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Abstract: Background: Only 15–20 % of patients with liver tumours can undergo radical surgery. Insufficient
future liver remnant volume (FLRV) is one of the main causes of tumours unresectability. Portal vein embolization (PVE) together with administration of haematopoietic stem cells (HSC) may expand the operability of
primary unresectable liver tumours.
Methods: In this pilot study, the authors reported on five patients (1 hepatocellular carcinoma, 4 colorectal cancer
metastases) with FLRV <30 %, who underwent PVE on the side of the tumour with a subsequent application
of HSC to the non-embolized branch of portal vein.
Results: PVE with HSC application was without any complications. In three patients, a sufficient increase of
FLRV occurred within 2–4 weeks followed by a liver resection. All patients were between 5–12 months after
the surgery in good condition; one of them was diagnosed with pulmonary metastasis after nine months that
was successfully treated with laser metastasectomy. In one patient with hepatocellular carcinoma, an increase
of FLRV and progression of the tumour in the liver occurred following the PVE with administration of HSC and
the patient was treated only symptomatically. Despite an adequate increase of FLRV, severe intraabdominal
adhesions hampered liver resection in one patient.
Conclusions: Combination of PVE with HSC administration appeared to be a promising method that stimulated
growth of FLRV with a subsequent possibility of an early radical liver resection. The issue is a danger of tumour
progression in the liver parenchyma following the PVE with HSC. The current randomized study should answer
these questions (Tab. 1, Fig. 4, Ref. 38). Full Text in PDF www.elis.sk.
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To date, liver resection has been the only radical therapy in patients with primary or secondary liver tumours. Unfortunately, the
liver tumour is radically resectable only in 15–20 % of patients at
the time of diagnosis. An insufficient liver tissue volume following the resection, so called future liver remnant volume (FLRV),
is one of the main causes of inoperability of liver tumours. In these
cases, portal vein embolization (PVE) on the side of the tumour
is an important step to increase the volume of the contralateral
liver lobe with a subsequent liver resection. An increase of sufficient liver volume needed for resection occurs usually within 4 to
6 weeks after the PVE. However, in some patients, from various
commonly unclear reasons, no increase of the required FLRV occurs so that they could undergo a liver resection. Tumour growth or
its dissemination in the body is another problem in some patients
following the PVE.
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Therefore, the aim of this study was to find out the means, which
would accelerate growth of the healthy liver lobe following the PVE
and reduce the time period needed for hypertrophy of the liver tissue
following the PVE as much as possible. Potential growth promoters of liver tissue after the PVE may include hematopoietic stem
cells (HSC), which normally participate in the regeneration of liver
tissue (1). The authors present their first clinical experience with a
selective application of autologous HSC CD 34+ and CD 133+ combined with PVE in patients with primary inoperable liver tumours.
Methods
In this prospective non-randomized trial (initiated on May 1,
2009) we administered autologous HSC CD34+ and CD 133+
to five patients (4 patients with metastatic colorectal cancer, one
with hepatocellular carcinoma) The study included patients with a
primary inoperable liver tumour because of insufficient FLRV, in
whom no extrahepatic tumour metastases were found (ultrasound –
USG, computed tomography – CT, positron emission tomography
– PET-CT). As an insufficient FLRV, we considered the volume
below 30 % of the total volume of the liver tissue, because all patients with liver metastases indicated for liver resection underwent
within a short period of time before the intended liver resection
chemotherapy or chemotherapy combined with biological therapy
due to the primary tumour.
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Tab. 1. Characteristic of the group of patients.
Patient No
Age/sex
Diagnosis
Brunt
Ishak
TLV before PVE (ml)
FLRV before PVE (ml/%)
FLRV before surgery (ml/%)
ICG before surgery (R15-min)
Apheresis product volume (ml)
Applied CD133+ (x 106)
Applied CD34+ (x106)
Liver hypertrophy (weeks)
Tumour volume before PVE (ml)
Tumour volume after PVE (ml)
Liver surgery

1
54/F
HCC
G0S0
G0S0
2610
384/14.7
734/28.1
3.3
103
112.9
146.4
4
792
967
No (tu progression)

2
75/M
CLM
G0S0
G1S0
1777
450/25.3
829/46.6
10.9
114
52.3
66.3
3
257
234
Yes

3
55/F
CLM
G0S0
G1S0
866
218/25.1
421/48.6
1.8
118
20.6
29.6
4
86
83
Yes

4
60/M
CLM
G1S1
G0S1
1953
585/29.9
710/36.3
5.6
114
122.2
166.6
3
532
675
No (adhesions)

5
65/M
CLM
G0S0
G2S0
1500
403/26.9
634/42.3
3.7
131
12.0
31.8
3
98
110
Yes

TLV – total liver volume, FLRV – future liver remnant volume, ICG – indocyanine green test, PVE – portal vein embolization

One female and four males of the mean age of 61.2 years (54–
75 years) were concerned. We performed an initial volumometry
of the liver and determined the FLRV (Somatom Definition, Siemens, Germany). The mean initial FLRV was 24.4 %. The function
of the liver parenchyma was evaluated by clinical and laboratory
parameters and using the retention test of indocyanine green (Limon, Pulsion Medical Systems AG, Munich, Germany). Patients
under ultrasound control also underwent a liver parenchyma biopsy
outside the tumour that was assessed by a histopathologist according to Brunt and Ishak criteria (1, 2) to clarify a histopathological
degree of liver parenchyma impairment. In the indication criteria,
we followed the generally applicable rules for the FLRV prior to
liver resection with regard to function and morphology of the liver
tissue (2, 3). Neoadjuvant chemotherapy targeted at the primary
or secondary liver tumour was not performed. All patients were
informed about the proposed treatment process in detail and were
advised of potential risks (especially further tumour progression)
and they signed an informed consent form.
The source of stem cells were peripheral hematopoietic stem
cells (HSC) collected by means of apheresis from peripheral blood.
The patients were stimulated with granulopoesis growth factor (GCSF, Neupogen, Amgen Europe B.V., Breda, The Netherlands) at
a dose of 10 μg/kg/day administered subcutaneously in one daily
dose for four days. From the fourth day following the administration of Neupogen, the circulating stem cells were monitored
in peripheral blood (detected by the flow cytometry as CD34+
cells). On the fifth day after the administration of Neupogen, one
large-volume leukopheresis was performed via the dialysis catheter
inserted into the femoral vein using the continuous high-volume
apheresis blood element separator Cobe Spectra (CaridianBCT,
Lakewood, CO, USA), the program for collection of mononuclear
leukocytes (MNC program, software version 6.1). Approximately
3 volumes of each patient’s blood were processed, and citrate- and
citric acid-based solution was used as an anticoagulant (ACD-A,
Baxter, Deerfield, IL, USA) in the ratio 1:12 to 1:14 in the whole
blood. To prevent citrate toxicity, all patients underwent calcium
supplementation into the efferent line (in fractions, total dose 10
to 20 mL CaCl2). The yield product was analyzed in the laboratory
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and the basic quality parameters were established: volume, concentration and absolute leukocyte and CD34+ count, erythrocyte and
thrombocyte count, variability of CD34+ cells, sterility, CD133+
cell content (Tab. 1). Collection of cells for determination of all
tests was performed in the closed system. Prior to mobilization, all
patients underwent an examination to exclude blood-transmitted
diseases. No further manipulation was performed with the product and it was stored till the next day at 2–8 °C under a continual
monitoring of storage conditions. The product was provided from
the laboratory for implantation in the operating room the next day.
One day before the leukapheresis, we performed the PVE
transparietally using the Histoacryl mixture (BBraun, Germany):
Lipiodol (Cedex, France) diluted in the 1:10 ratio (Fig. 1). On the
following day after leukapheresis, we performed a small laparotomy in the right hypogastrium and inserted a catheter through the
ileocolic vein to the contralateral branch of the portal vein under a
general anaesthesia and administered 100mL of the acquired prod-

Fig. 1. PVE of the right liver lobe.
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Fig. 2. Sufficient FRLV two weeks after PVE and application of HSC.

Fig. 4. Progression of HCC in the right liver lobe three weeks following the PVE and application of HSC.

meant that liver surgery was impossible and the patient continued to be treated by an oncologist. A radical liver resection (R0)
was performed in three patients with colorectal cancer metastases
(right-sided hepatectomy twice, extended right-sided hepatectomy
once). Then, the patients were treated with a combination of adjutant chemotherapy in the FOLFOX 4 regimen and biological
therapy – bevacizumab. Two patients were, 3 to 12 months after
the surgery, in generally a very good condition without any signs
of recurrence, and one of them experienced a solitary pulmonary
metastasis 9 months following the liver resection that was treated
by laser metastasectomy.
Fig. 3. HCC in the right liver lobe prior to PVE and application of HSC.

Discussion

uct with a minimum required volume of 1x107 CD 133+ HSC. We
monitored the growth of the contralateral liver lobe in both groups
using the CT volumometry of the liver in weekly intervals following the PVE or administration of HSC. As soon as a sufficient
growth of the volume of the contralateral liver lobe was achieved
(Fig. 2), we performed a liver resection. If the tumour progressed
in the liver (measured again using the CT volumometry) or in the
body, the patients were further treated with systemic chemotherapy
with or without biological therapy administered by an oncologist.

Our previous experimental study (3) showed that a direct administration of stem cells into the contralateral liver lobe following ligation of a branch of the portal vein had a significant impact
on regeneration and hypertrophy of liver parenchyma. Based on
this experience and long-term clinical experience with staged procedures in the liver with the PVE, as well as due to an extensive
experience with administration of HSC in haematooncological
patients, we have until now used the administration of autologous
HSC together with the PVE in 4 patients with secondary liver tumours and in one patient with hepatocellular carcinoma to achieve
an acceleration of growth of a healthy liver lobe. The reason for
support of the liver tissue growth following the PVE with HSC
was based on our and literary experience that, for unclear reasons,
some patients (approximately 20 to 40 %) do not experience a sufficient growth of the liver tissue following the PVE (4).
The liver is one of the few organs with its own regeneration
ability. Following the liver resection, cytokines produced by both
parenchymal and non-parenchymal liver cells play a key role in
initiation of liver regeneration – tumour necrosis factor α (TNF-α)
and interleukin 6 (IL-6), which stimulate transition of a hepatocyte
from the resting G0 phase of cell division to the G1 phase, so called
primic (5). Then, a hepatocyte is, based on other stimuli, main-

Results
The PVE and subsequent HSC were without any complications. Out of five administrations of autologous HSC performed
so far in combination with the PVE, a sufficient hypertrophy of
FLRV occurred in all five patients in the interval between 2–4
weeks following the PVE with administration of HSC (Fig. 2).
Nevertheless, a significant increase of the tumour volume occurred
in one female patient with hepatocellular carcinoma together with
increase of FLRV, which hampered the liver resection (Figs 3, 4).
Then, the patient was treated only symptomatically. Severe intraabdominal adhesions of a linitis plastica type in another patient
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tained in the proliferation phase by other cytokines – hepatocyte
growth factor (HGF), transforming growth factor α (TGF-α), epidermal growth factor (EGF) and insulin-like growth factor (IGF).
Termination of proliferation and differentiation of the dividing
hepatocytes to functionally mature hepatocytes is stimulated by
transforming growth factor β (TGF-β) (3, 4). Proliferation of hepatocytes is associated with a slight delay of non-parenchymal liver
cells (cholangiocytes) proliferation and with colonisation of the
Disse’s spaces by new Kupffer cells. This process is finished in 3 to
4 months by a complete regeneration of the liver parenchyma (6).
In the liver tissue, there is a compartment of progenitor immature stem cells, co called “oval cells”, which is probably stimulated to be differentiated in hepatocytes and cholangiocytes under
physiological conditions. Their role begins most probably during
the process of impairment of the common regeneration processes
in the liver parenchyma when their proliferation, expansion and
differentiation in the liver parenchyma cells is initiated mostly
due to the effects of growth factors (HGF, EGF, TGF-β) (7, 8).
Another, very substantial source of regeneration of liver parenchyma following the liver resections during hepatic failure due
to various causes are the stem cells, which are localized in other
compartments of the body. The stem cells are represented in all
tissues in the adult population, and blood, fat and bone tissue are
their main sources for clinical needs due to their easy availability.
The circulating HSCs from bone marrow are characterized by the
superficial markers CD 34+ and CD 133+, glycoproteins important for mutual cell adhesion (cell-cell adhesion interaction). It is
known, that these cells are largely washed out into the peripheral
blood following major liver resections (9). Based on the current
knowledge from regeneration of liver parenchyma we know that
autologous HSC CD 34+ and CD133+ are able to differentiate
into hepatocytes, Kupffer cells, cholangiocytes and endothelial
cells (10, 11, 12). So far, they have been mainly used in patients
with haematological malignancies that required autologous bone
marrow transplantation following the ablative chemotherapy. Recently, the focus on the use of HSC has been put on the area of
therapy of liver conditions (13), cardiovascular (14) and nervous
(15) diseases and diabetes (16). The HSCs are mobilized from
the bone marrow using the granulocyte colony-stimulating factor (G-CSF), which involves antagonistic effect of chemokine
receptor type 4 (CXCR4) which keeps HSC in the bone marrow.
The second substance that enables the mobilization of HSC from
bone marrow is plerixafor, a CXCR4 antagonist. Plerixafor was
primarily studied as an anti-HIV agent. Nevertheless, it has been
found that CXCR4 binds the stroma-derived factor (SDF-1) and
hence it makes washing out of HSC from bone marrow possible
and therefore it has a synergic effects with G-CSF (17, 18, 19).
The role of HSC in regeneration of liver parenchyma was
found in the experimental study performed by Mark et al (20) in
the animal model of acute liver failure caused by administration
of carbon tetrachloride. Following mobilization of HSC from bone
marrow using Neupogen (G-CSF, Amgen Europe B.V., Breda,
The Netherlands) and Mozobil (plerixafor, Genzyme, Cambridge,
USA), it was possible to find a significant periportal infiltration
by HSC in the impaired liver parenchyma within 24 hours using
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immunostaining, which used specific CD34 antibodies compared
to the group of animals without such stimulation. Nevertheless,
there is lack of clinical studies focused on administration of stem
cells in combination with PVE in association with liver regeneration and rather case report studies are concerned (21, 22). Our
study represents another one in this very interesting area of clinical research, which is to find a quality stimulation mechanism for
growth of a contralateral liver lobe following the PVE in primary
inoperable liver tumours aimed at the early radical liver resection.
Stimulation of tumour foci not only in the liver but also possible micrometastases in the body may be a serious problem of
administration of HSC. Tissue of the tumour contains a high
amount of stimulating substances (growth factors, matrix-metalloproteinases, cytokines), which may cause migration of HSC
into the tumour tissue where they can further stimulate tumour
growth and spread. The mechanism of interaction between HSC
and tumour cells has not been exactly understood so far (23). A
stimulation of neoangiogenesis with immunosupression (24) and
inhibition of apoptosis (25) is a possible causative mechanism. A
possible mechanism that facilitates growth of liver metastasis is
a differentiation of mesenchymal cells in the tumour in so called
carcinoma associated fibroblast (CAF)-like cells and these cells
then support growth of the tumour (26). In primary liver tumours,
the association is between the stem/progenitor stem cells, which are
peculiar to the liver tissue and localized in the area of terminal parts
of the canals of Hering and hepatocarcinogenesis (27, 28). Tumour
growth may be facilitated also by regenerative mechanisms of the
liver tissue following the PVE when a number of growth factors,
matrixmetalloproteinases, cytokines are formed in the liver, which
may also stimulate the liver tissue and cause its proliferation (29,
30, 31, 32). One of our patients experienced tumour progression
in the contralateral, non-embolized liver lobe despite a preservation of the standard indication and therapeutic procedure. The
mechanism of tumour progression is unclear and more experience
is needed regarding the type of primary or secondary tumour (33,
34), tumour size in the liver parenchyma, interval between the
PVE and administration of HSC and subsequent liver resection
and other factors, mostly laboratory parameters to determine the
risk of tumour progression following the PVE with administration
of HSC. A compensatory increased arterial blood flow to the liver
following the PVE, known as “hepatic arterial buffer response”,
which may paradoxically cause a higher blood supply of the tumour foci in the liver, will probably play a role (35, 36, 37, 38).
Our group of patients who were administered HSC following
the PVE is small, but we may conclude that the selected method
of acquiring and subsequent administration of HSC is suitable for
clinical practice. Compared to the PVE in patients with primarily
inoperable liver tumour alone, the combination of the PVE with
HSC will probably be beneficial for the patient regarding faster
stimulation of the growth of FRLV and an earlier radical liver resection, which is important for oncosurgery therapy. However, the
danger of acceleration of tumour growth and spread in the liver and
body in these patients remains an unsolved question. Currently,
there is a prospective randomized study in progression at our site,
which is to answer these questions.
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