
Abstract. Background/Aim: Portal vein embolization (PVE)
with autologous stem cells application (aHSC) is a method
for future liver remnant volume (FLRV) increase. The aim of
the study was to evaluate the positivite and negativite aspects
of the method in clinical practice. Patients and Methods: PVE
with aHSC application was used in 32 patients with
colorectal liver metastases and insufficient FLRV.
Preoperative number of colorectal liver metastases (CLMs)
was 5.2±3.6, CLMs volume 70.1±102.3 mm3. Results: FLRV
growth occurred after 2-3 weeks in 31 (96.9%) patients, with
volume increase from 528.2±170.5 to 715.4±143.3 ml
(p=0.0001). Postoperative thirty days mortality, morbidity
was 0% and 3.1%, respectively. Insufficient FLRV growth
occurred in one patient. R0 liver resection was performed in
27(87.1%) patients. CLMs volume progression was in 5
(15.6%) patients from 680.0±59.4 to 723.1±57.1 ml (p=0.01).
One and two-year overall survival were 88% and 62.9%
respectively. Six and twelve-month recurrence-free survival
rates were 50.7% and 39.6% respectively. Conclusion: PVE
with aHSC application is a safe and useful method for FLRV
growth. It significantly increases secondary CLMs
resectability. However, it can cause CLMs progression. Liver
resection should, therefore, be performed as soon as possible
after achieving optimal increase of FLRV. 

Colorectal cancer (CRC) ranks among the three most
frequent malignant tumours worldwide. Its incidence is
approximately 1.3 million cases annually and over 600,000

patients die of this disease over the same period of time (1-
3). Colorectal liver metastases (CLMs) are diagnosed
concurrently with the primary tumour (synchronous
metastases) in 20-25% of patients and metachronous
metastases develop in 40-50% of patients after surgery for
the primary CRC at various intervals of time. Liver resection
remains the only radical treatment modality that significantly
prolongs patient overall survival. Unfortunately, liver
resection is feasible in only 20-30% of patients. The main
cause of non-resectability is the insufficient future liver
remnant volume (FLRV) (4, 5). Several methods that
increase the insufficient FLRV and thus enable secondary
resectability of CLMs exist. These include portal vein
embolization (PVE) on the CLMs side with application of
autologous hematopoietic stem cells (aHSC) into the
contralateral branch of the portal vein. We have been using
this method for ten years now. 

The aim of the study was to evaluate PVE with aHSC
application from the point of its positive (FLRV growth
stimulation) as well as possibly negative aspects (tumour
growth stimulation). 

Patients and Methods
The Ethics committee approval was received for this study from
Institutional Ethics Committee (decision date 12/8/2014, No
326/2014). We obtained the written informed consent from all
patients who participated in this study. In a prospective study, we
used this method from June 2010 to April 2020 in 32 patients with
insufficient FLRV to increase secondary resectability of CLMs. In
the same period, we performed liver surgery for CLMs in 568
patients. Patient enrolment in the treatment was decided by a
multi-disciplinary team. The indication for PVE with the
application of aHSC was an insufficient FLRV of <30% in patients
with healthy liver tissue and of <40% in patients with liver
steatosis and steatofibrosis or, mainly, in patients who had
undergone neoadjuvant systemic therapy. Contraindications
included the presence of extrahepatic metastases demonstrated
using hybrid methods – positron emission tomography or positron
emission magnetic resonance imaging. Serious polymorbidity of
patients was another contraindication. The average age of the

2919

This article is freely accessible online.

Correspondence to: Vladislav Treska, Professor of Surgery, Head
of the Department of Surgery, University Hospital, Alej Svobody
80, 304 60 Pilsen, Czech Republic. Tel: +42 03771042701, e-mail:
treska@fnplzen.cz

Key Words: Colorectal liver metastases, future liver remnant
volume, portal vein embolization, stem cells, tumour stimulation.

in vivo 34: 2919-2925 (2020)
doi:10.21873/invivo.12121

Pros and Cons of Portal Vein Embolization With Hematopoietic
Stem Cells Application in Colorectal Liver Metastases Surgery 

VLADISLAV TRESKA1, JAN BRUHA1, VACLAV LISKA1, JAKUB FICHTL1, 
KRISTYNA PROCHAZKOVA1, TEREZA PETRAKOVA1 and PETR HOSEK2

1Department of Surgery, School of Medicine, University Hospital in Pilsen, Pilsen, Czech Republic;
2Biomedical Centre, School of Medicine, Pilsen, Czech Republic



patients was 52.6 years (44-73) and the male to female ratio was
2:1. The average number of CLMs was 5.2±3.6 and their volume
was 70.1±102.3 ml. In 8 (25.8%) patients, the CLMs involved
both liver lobes, which is why we first “cleared” the left liver lobe
using metastasectomy or radiofrequency ablation before
undertaking PVE with aHSC application. We used aHSC in the
first 15 patients from blood and in the subsequent 17 cases from
bone marrow, as the latter methodology was simpler and consisted
of aHSC collection and application during one stage operation
(Table I). We have described both methods in detail in our
previous publication (6). Growth of the contralateral liver lobe was
monitored in the case of both methods using CT liver volumetry
with manual segmentation (Somatom Definition Flash, Syngo
Volume, Siemens) at weekly intervals until optimum FLRV growth
occurred. Median follow-up time was 31.8 months.

Standard frequency tables and descriptive statistics were used to
characterize the patient group. Recurrence-free survival (RFS) was
determined from the date of surgery to the date of the first
documented disease recurrence or death. Overall survival (OS) was
determined from the date of surgery to the date of death, regardless
of its cause. Patients who had not progressed or died were censored
at the date of last follow-up. RFS and OS functions observed in the
whole sample were estimated using the Kaplan-Meier method.
Median survival times and observed proportions surviving at given
time points were calculated from the Kaplan-Meier estimates of
survival functions using linear interpolation between the nearest
complete observations. Median follow-up was estimated from OS
data using the inverse Kaplan-Meier method. Associations of the
number and volume of CLMs, with RFS and OS were assessed
using univariable Cox proportional hazards model. In order to
visualize these associations and detect possible non-proportional
effects, the results were reviewed using automated stratification. In
this procedure, the best-performing threshold (cut-off) value of the
independent variable was determined by an automated optimization
process finding the threshold providing the lowest Log rank p value
in two-sample Kaplan-Meier analysis. All reported p-values are two-

tailed and the level of statistical significance was set at α=0.05.
Statistical processing and testing was performed in STATISTICA
data analysis software system (StatSoft, Inc.2013, Version 12,
www.statsoft.com) and Matlab (2019b, MathWorks Inc., Natick,
MA, USA).

Results

Optimal FLRV growth occurred at an interval of 2-3 weeks
in 31 (96.9%) patients, with an increase from 528.2±170.5
to 715.4±143.3 ml (p=0.0001). No patient died within 30
days following PVE and aHSC application. Insufficient
FLVR growth occurred in one patient (3.1%). In one patient
(3.1%) there was partial leakage of the embolization material
into the left lobe during PVE of the right branch; but this did
not lead to any clinical symptoms or laboratory alterations.
We performed R0 liver resection in 27 (87.1%) patients: 18
right and 9 extended right hepatectomy with zero 30-day
postoperative mortality. Grade II-III complications according
to the Clavien-Dindo classification occurred in 12 (37.5%)
patients (four cases of biliary leak, five of fluid next to the
resection surface, one trauma to the biliary tract, one
bleeding from the resection surface, one liver insufficiency).
Adjuvant systemic oncological therapy was used in 18
(66.7%) of the 27 operated patients. It was not possible to
perform liver resection in 5 (15.6%) patients. The reasons
included CLMs progression in 5 (15.6%) patients
from 680.0±59.4 to 723.1±57.1 ml (p=0.01). However, these
patients also had sufficient FLRV growth. The 1- and 2-year
OS were 88% and 62.9% respectively (Figure 1). Six and
twelve-month RFS were 50.7% and 39.6% respectively
(Figure 2). The number of CLMs had a greater impact on
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Figure 1. Overall survival of the whole group (N=32). A Kaplan-Meier
estimate of the survival function for OS in the whole sample of patients.

Figure 2. Recurrence-free survival of the whole group (N=32). A
Kaplan-Meier estimate of the survival function for RFS in the whole
sample of patients.



RFS (p=0.04) than on OS (p=0.14) - Figures 3 and 4. The
prognostic significance of CLMs volume was highly
variable, depending on the selected threshold (Figures 5 and
6). This was due to the small sample size.

Discussion

  The prognosis of patients with CLMs who cannot undergo
radical R0 liver resection is dismal despite significant

Treska et al: Pros and Cons of Portal Vein Embolization With Stem Cells Application

2921

Figure 3. Stratification analysis of the association between number of metastases and OS. Left: Log rank p-values for comparison of OS between
groups of patients divided according to different threshold values of the metastases number. Right: Kaplan-Meier survival functions for groups of
patients defined according to the best-performing threshold value (i.e. at the lowest point of the left-side chart).

Figure 4. Stratification analysis of the association between number of metastases and RFS. Left: Log rank p-values for comparison of RFS between
groups of patients divided according to different threshold values of the metastases number. Right: Kaplan-Meier survival functions for groups of
patients defined according to the best-performing threshold value (i.e. at the lowest point of the left-side chart).



progress in systemic oncological therapy, with less than 20%
of patients remaining alive at 3 years (6). The main cause of
CLMs non-resectability is an insufficient FLRV to meet the
organism´s metabolic needs after surgery. Several methods

that increase insufficient FLRV and thus enable secondary
resectability of CLMs exist (7-10). Nonetheless, the success
rate of certain methods such as PVE, portal vein ligation or
staged liver resection from the aspect of FLRV growth is
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Figure 5. Stratification analysis of the association between volume of metastases and OS. Left: Log rank p-values for comparison of OS between
groups of patients divided according to different threshold values of the metastases volume. Right: Kaplan-Meier survival functions for groups of
patients defined according to the best-performing threshold value (i.e. at the lowest point of the left-side chart).

Figure 6. Stratification analysis of the association between volume of metastases and RFS. Left: Log rank p-values for comparison of RFS between
groups of patients divided according to different threshold values of the metastases volume. Right: Kaplan-Meier survival functions for groups of
patients defined according to the best-performing threshold value (i.e. at the lowest point of the left-side chart).



only around 60%. Also, the time needed to achieve optimum
FLRV growth in the case of these methods is 4-8 weeks, i.e.
relatively long, increasing the risk of CLMs progression or
tumour dissemination (11-13). This is why another technique
was introduced - Associating Liver Partition and Portal Vein
Ligation for Staged hepatectomy (ALPPS), which utilizes a
two-stage procedure with maximum reduction of the time
interval between both procedures, which is fundamental for
reducing the growth of the tumour in the liver and its
extrahepatic spread. The first procedure is ligation of the
right portal vein and portal branches to segment four on the
side of the CLMs, whilst leaving the supply of the liver by
arterial blood, and the in situ dissection of the liver
parenchyma between the lateral and medial sectors of the left
hemi-liver. This method achieves FLRV growth of 40-80%
at an interval of 6-9 days after the first stage of the procedure
or up to a 22% daily increase in FLRV (14, 15). However,
an enduring problem of this method is the associated high
morbidity (around 35%) and mortality (around 8%). Other
method includes Liver Venous Deprivation, where optimum
FLRV growth occurs in 14 days. This is a new method that
has not as yet been tested and verified on a larger sample of
patients (16-18). 

We opted for PVE with aHSC application following
previous experimental tests in animals as it is economically
viable and safe for patients. One of its undeniable advantages
is its simplicity, whereby we currently use a one-stage
procedure, i.e. aHSC collection and application during one-
stage surgery. Another advantage is the relatively fast rate of
FLRV growth, achieving optimum parameters over 2-3
weeks in more than 90% of patients, which significantly
increases the secondary resectability of CLMs and
substantially prolongs patient OS. 

The disadvantage of this method is the increase in CLMs
volume, which occurred in 15.6% of our patients and which
then caused non-resectability of the CLMs. This method
involves two mechanisms (PVE and aHSC application) that

stimulate liver parenchyma growth and regeneration via
cytokines and growth factors, which may also presumably
stimulate cancer cell growth. The question remains whether
interaction of aHSC with cancer cells may also play a role in
CLMs progression, which could be induced by active re-
modelling of aHSC into cancer cells or induction of a stromal
cell environment advantageous to the CLMs from the aspect
of chemoresistance, inhibition of apoptosis and promotion of
cancer cell growth. In our previous studies (19, 20) we
demonstrated that PVE with aHSC application stimulates
faster CLMs growth compared to PVE, even though the
subsequent increase in CLMs volume over the given interval
of time did not differ statistically significantly between both
methods. At this time, it is unclear to what degree both
methods are involved in CLMs growth. Our current results
show a trend towards more rapid CLMs progression and
subsequent worse RFS and OS in patients with an overall
greater number and larger volume of CLMs, although we were
unable to demonstrate an unequivocal statistical significance
of either of these factors given the size of our sample. The
biological activity and location of the primary tumour also
undoubtedly plays a role (21-23). Further clinical and
experimental research is needed to address these issues. At this
time, liver resection performed as soon as possible once
optimum FLRV growth has been achieved without further
delay that could lead to cancer cell growth and dissemination
is essential in clinical practice. In this sense, the question of
chemotherapy or target therapy during the period of FLRV
growth arises. This approach could be beneficial in preventing
the growth of CLMs and could thus increase the efficiency of
the method. Further clinical and experimental research is
needed to address these issues. We are aware of a number of
limitations that could affect the results of the study. These
mainly include the small number of patients included up to
now; the heterogeneity due to using two groups of patients
with aHSC application as well as the differences in the
biological activity and location of the primary tumour. Also,
the biological activity of CLMs in a given patient will be
undoubtedly significant from the aspect of long-term results.
This is why we are currently continuing our clinical research
with the aim of answering the questions raised above. 

Conclusion

PVE with aHSC is the method of choice in patients suffering
from CLMs and insufficient FLRV. Its advantage lies with
the fact that it is one-stage simple procedure and has very
low complications rates. It is a method which can be chosen
as one-stage procedure in patients suffering from CLMs and
insufficient FLRV volume. Its limitation is that it consists a
possible stimulation of CLMs growth. Therefore, liver
surgery should be performed as soon as possible after
optimal FLRV growth without further delay.
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Table I. Clinical and demographic characteristics of the study population.

Demographic data of patients
Patients 32
Age 52.6 (44-73) years
Men to female ratio 2:1
Time interval 6/2010-4/2020
Median follow-up time 31.8 months

CLMs characteristics
Number 5.2±3.6
Volume 70.1±102.3 mm3
Both liver lobes involved 8 (25.8%) patients

aHSC source
Blood 15 (46.9%) patients
Bone marrow 17 (53.1%) patients
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