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Background: The role of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS)
in comparison to portal vein embolization (PVE) is debated. The aim of this study was to compare successful
resection rates (RR) with upfront ALPPS vs. PVE with rescue ALPPS on demand and to compare the
hypertrophy of the liver between ALPPS and PVE plus subsequent rescue ALPPS.

Methods: A retrospective analysis of all patients treated with PVE for colorectal liver metastasis (CRLM)
or ALPPS (any diagnosis, rescue ALPPS included) at five Scandinavian university hospitals during the years
2013-2016 was conducted. A Chi-square test and a Mann-Whitney U test were used to assess the difference
between the groups. A successful RR was defined as liver resection without a 90-day mortality.

Results: A total of 189 patients were included. Successful RR was in 84.5% of the patients with ALPPS
upfront and in 73.3% of the patients with PVE and rescue ALPPS on demand (P=0.080). The hypertrophy
of the future liver remnants (FLRs) with ALPPS upfront was 71% (48-97%) compared to 96% (82-113%)
after PVE and rescue ALPPS (P=0.010).

Conclusions: Upfront ALPPS offers a somewhat higher successful RR than PVE with rescue ALPPS on
demand. The sequential combination of PVE and ALPPS leads to a higher overall degree of hypertrophy
than upfront ALPPS.
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Introduction

Currently, one of the main reasons liver malignancies are
considered to be non-resectable is that the future liver
remnants (FLRs) are too small (1). Until recently, the
available methods for increasing the size of an FLR were
portal vein embolization (PVE) and portal vein ligation,
which are collectively known as portal vein occlusion
(PVO). In addition, a two stage hepatectomy (TSH)
without PVO increases the size of the FLR to some extent
but is rarely used currently (2,3). In 2012, a new method,
associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS), was published after having
been briefly reported in previous studies (4,5). The main
difference between ALPPS and the previous methods was
the degree of hypertrophy of the FLR, the resection rate
and the frequencies of complications and mortalities. Since
the introduction of ALPPS, studies have demonstrated that
it is more appropriate for use in the settings of colorectal
liver metastasis (CRLM) than in primary liver and biliary
malignancies (6). Furthermore, it has been demonstrated
in a randomized trial that the use of ALPPS in patients
with CRLM indeed increased the resection rate compared
to the use of TSH with PVO, without increases in
complications or mortalities (7). Few studies have reported
on the use of ALPPS as a rescue treatment when PVE
fails to induce sufficient hypertrophy of the FLR, and
the total hypertrophy after the uses of both PVE and the
rescue ALPPS has not been reported (8,9). The increased
morbidity that is initially observed with the use of ALPPS,
compared to conventional methods that increase FLR
volume, does not seem to apply to CRLM. Nevertheless,
the ability to resect liver metastases with the use of only one
procedure could be beneficial. Therefore, the main aims
of this study were to compare the successful resection rates
after the ALPPS upfront with PVE and ALPPS on demand
as rescue procedure and to compare the hypertrophy of the
FLR after the use of ALPPS upfront to the hypertrophy
that is achieved with the use of sequential PVE and rescue
ALPPS. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/hbsn.2019.10.36).

Methods

Consecutive patients from five Scandinavian hepatobiliary
centres who were treated with either PVE for CRLM or
ALPPS (upfront or rescue ALPPS) between 2013 and

2016 were included in a retrospective analysis, which
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was approved by the ethical committees or by the data
protection officials at the respective centres. Due to the
expected paucity of the rescue ALPPS, all diagnoses were
included in the comparison of hypertrophy with ALPPS
upfront and PVE plus rescue ALPPS, in order to increase
the statistical power. A portion of the data was prospectively
collected within the Scandinavian LIGRO trial, and some
of the patients had been previously reported on in various
studies (7-16). Data were collected on demographics,
diagnoses, oncological treatments, methods for inducing
FLR hypertrophy, volumetries of the livers, perioperative
variables and postoperative courses. The methods of
volumetry were not standardized among the hospitals, but
the same method was applied in each patient at different
occasions. The methods and materials of PVE were also
not standardized, but were applied according to the clinical
routines at each of the participating centres. The methods
of ALPPS/liver resection and PVE at different participating
centres have been previously described (7). The primary
outcome (successful resection rate) was defined as a
completed liver resection without 90-day mortality, and
the secondary outcome variable (FLR hypertrophy) was
defined as a volume increase of the FLR from before
the first attempt to stimulate hypertrophy until the last
measurement before the liver resection. Complication
rates and mortalities were calculated up to 90 days after the
final intervention and according to the intention-to-treat
principle. The Clavien-Dindo classification system was used
to assess complications (17). The decision to apply rescue
ALPPS was not standardized between the participating
centres but was based on a multidisciplinary board
assessment at each hospital. Similarly, the time between
PVE and the radiological assessment was not standardized
but was performed according to clinical practice. Estimated
total liver volumes (eTLVs) were calculated according
to a previously described method (18). The degree of
hypertrophy was calculated as the sFLR before resection—
the sFLR before the intervention to induce hypertrophy.
The kinetic growth rate (KGR) was calculated as the degree
of hypertrophy divided by the time (in weeks) between the
measurements and is presented in %/week (19).

Patients undergoing PVE were subdivided into four groups
depending on sFLR before intervention in order to access the
proportion of successful resection after only PVE.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by ethics board in all participating countries (Dnr
2015/107-31, Dnr: 2019-01297, Dnr: 098-14, H-4-2014-
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Total number (n=189)

ALPPS upfront (n=82)

PVE for CRLM (n=101)

Rescue ALPPS, other

diagnosis (n=6)
— CRLM (n=71)
CC (n=1)
—  CC (n=4) Only PVE (n=81) Rescue ALPPS (n=20)
HCC (n=4)
— HCC (n=2) Other (n=1)
—| Other (n=5)

Figure 1 Flow chart of the included patients. CRLM, colorectal liver metastases; CC, cholangiocarcinoma; HCC, hepatocellular carcinoma;

PVE, portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.

Table 1 The distribution of 189 included patients between the
participating centers

Study center PVE ALPPS Rescue ALPPS
Oslo 56 23 10
Stockholm 19 24 9
Linkdping 7 15 6
Copenhagen 8 13 0

Lund 11 7 1

PVE, portal vein embolization; ALPPS, associating liver partition
and portal vein ligation for staged hepatectomy.

034, 2014/425 and 2014/428), and informed consent was
deemed unnecessary by the ethics boards.

Statistical analysis

Statistical analyses were performed with IBM SPSS
Statistics 25. The continuous data were compared with
Mann-Whitney U tests, and the categorical data were
assessed with chi square tests. Data are presented as medians
(interquartile ranges) or numbers (%). A P value of <0.05
was considered to be statistically significant.

Results

A total of 189 patients were included in the study, with
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172 patients (with CRLM) included in the analysis of the
resection rates with ALPPS upfront compared to PVE and
rescue ALPPS on demand. For the analysis of hypertrophy
with ALPPS compared to PVE with subsequent rescue
ALPPS, 108 patients (all diagnoses) were included
(Figure 1). Table 1 shows the distribution of the included
patients between participating centres. Most of the patients
treated with ALPPS and rescue ALPPS have been included
in previous analysis. The baseline characteristics of the
patients with CRLM were similar between the groups,
except for significantly larger tumours that were present
in the ALPPS upfront group (7able 2). For the comparison
of the baseline characteristics between ALPPS upfront (all
diagnoses) and PVE plus rescue ALPPS, the only significant
difference was a smaller sFLR in the PVE plus rescue
ALPPS group at the beginning of treatment (Zable 3).

Subgroup analysis CRLM

More patients in the ALPPS upfront group had successful
resections than the patients in the PVE group although
this difference was not statistically significant (84.5% vs.
73.2%, P=0.08). This result was not accompanied with any
significant increase in post-operative 90-day complications
(31.0% wvs. 24.8%, P=0.37) or mortality (11.3% vs. 8.9%,
P=0.61) (1able 4). The reason for not achieving successful
resections was, due to the post-operative mortalities in 8
of the ALPPS patients and in 3 it was due to intraoperative
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Table 2 Baseline characteristics for comparison of upfront ALPPS and PVE with rescue ALPPS on demand for CRLM

Characteristic ALPPS (n=71) PVE (n=101) P

Age, years, median [IQR] 65 [56.8-69.3] 66 [569.4-72.5] 0.24
Gender, M/F 48/23 67/34 0.86
eTLV, mL, median [IQR] 1,655 [1,510-1,816] 1,693 [1,459-1,856] 0.65
sFLR, %, median [IQR] 21.8[18.6-25.5] 20.9 [17.4-25.3] 0.33
Number of lesions, median [IQR] 6 [6-9] 6 [3-8] 0.27
Size of largest lesion, mm, median [IQR] 44.0 [28.5-66.5] 34 [20-60] 0.021
Chemotherapy, number (%) 69 (97.2) 96 (95.0) 0.49

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; PVE, portal vein embolization; CRLM, colorectal liver
metastasis.

Table 3 Baseline characteristics for comparison of upfront ALPPS and sequential PVE plus rescue ALPPS

Characteristic ALPPS (n=82) PVE/ALPPS (n=26) P
Age, years, median [IQR] 65 [566.3-70.0] 67.5[61.4-71.8] 0.23
Gender, M/F 52/30 19/7 0.37
eTLV, mLSS, median [IQR] 1,630 [1,476-1,818] 1,727 [1,618-1,870] 0.10
sFLR, %, median [IQR] 21.6 [17.7-25.4] 17.5[14.6-20.9] 0.004
Number of lesions, median [IQR] 6 [4-9] 6 [1-8.8] 0.50
Size of largest lesion, mm, median [IQR] 45 [30-70] 60 [30-95] 0.29
Chemotherapy, number (%) 72 (87.8) 21 (80.8) 0.37

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; PVE, portal vein embolization.

Table 4 Outcomes in 172 patients with CRLM, treated with ALPPS upfront or PVE with rescue ALPPS on demand

Outcome ALPPS (n=71) PVE (n=101) P
Successful resections, number (%) 60 (84.5) 74 (73.2) 0.080
sFLR before resection (IQR), % 35.5 (31.6-43.4) 32.3 (27.9-37) <0.001
Volume increase of FLR (IQR), % 66.7 (46.8-96.4) 46.3 (31.7-73.8) 0.001
Complications CD 3a-5, number (%) 22 (31.0) 25 (24.8) 0.37
90-day mortality, number (%) 8 (11.3) 9(8.9) 0.61

Reason for non-success, number

Mortality 8 9
Disease progression 1 10
Insufficient sFLR 1

Insufficient sFLR and progression 7
Other 2

CRLM, colorectal liver metastasis; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; PVE, portal vein
embolization; sFLR, standardized future liver remnant; IQR, interquartile range; CD, Clavien-Dindo.
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Table 5 Successtul resection rates for PVE depending on different sFLRs before PVE

sFLR
Outcome
<15% 15-20% 20.1-25% >25%
Unsuccessful 4 (23.5) 7 (23.3) 8 (29.6) 8 (29.6)
Rescue ALPPS 7 (41.2) 8 (26.7) 3(11.1) 0(0)
PVE only 6 (35.3) 15 (50.0) 16 (59.3) 19 (70.4)

sFLR, standardized future liver remnant; PVE, portal vein embolization; ALPPS, associating liver partition and portal vein ligation for staged

hepatectomy.

Table 6 Volume increases of the FLR after ALPPS upfront compared to rescue ALPPS

Volume ALPPS (n=82) Rescue ALPPS (n=26) P
sFLR before resection, (IQR), % 35.2 (31.5-43.2) 34 (30.3-40.2) 0.46
sFLR after PVE, (IQR), % NA 21.8 (18.6-26.2) NA
Volume increase of FLR, (IQR), % 70.9 (47.3-96.7) 96 (82.4-113.1) 0.010
Volume increase after PVE, (IQR), % NA 27.9 (16.6-38.4) NA
Volume increase of ALPPS 70.9 (47.3-96.7) 52 (38.4-75.4) 0.045

FLRs, future liver remnants; IQR, interquartile range; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy;

PVE, portal vein embolization.

findings (sever cirrhosis and injury to the left portal vein
at stage 1 as well as non-resectable disease at stage 2
in one patient). Three of the patients that died within
90 days had insufficient growth (sFLR <30%) but high
KGRs (4.5-11%/week) motivating resection. The volume
increase that was observed among the successfully resected
patients after PVE was only 42.3% (31.3-57.6%). In
the PVE group, the reasons for not achieving successful
resections were tumour progression, mortality and
insufficient growth of the FLR. Two of the patients
who died within 90 days had sFLR <30% at the time of
resection, and the KGR was <2%/week (1.1% and 1.3% for
the two patients).

When the patients in the PVE group were divided into
four groups (according to the sFLR sizes before PVE
(Table 5), there were significantly more successful resections
without the use of rescue ALPPS in those with sFLR >25%
than in those with sFLR <15% (P=0.022), whereas the
overall successful resection rate did not differ between the
groups.

The lowest pre-PVE sFLR resulting in sFLR >30%
without rescue ALPPS was 17.4%, whereas the lowest pre-
PVE sFLR resulting in a successtful resection without rescue
ALPPS was 12.7%. The KGR of the 21 patients with pre-
PVE sFLR <20% who underwent successful resections
without rescue ALPPS was 2.1%/week (1.6-2.9%/week),
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and only 5 patients (24%) had sFLR >30% before resection.

ALPPS upfront vs. PVE followed by rescue ALPPS

The volume increase of the FLR in the rescue ALPPS
group from pre-PVE until the time of resection was 96%
(82-113%), compared to 71% in the ALPPS group
(48-97%) (P=0.010). When only patients with CRLM
were included, the corresponding growths were 95%
(86-114%) and 67% (47-96%) for the volume increase
in the rescue ALPPS group and for the volume increase
in the ALPPS group, respectively (P=0.004). Most of the
volume increase in the rescue ALPPS group (all diagnoses)
was observed after the addition of ALPPS, although this
was less pronounced than in the ALPPS upfront group
(P=0.045) (Tuable 6). No significant differences were
observed between the patients with CRLM and the other
diagnoses in the other groups (data not shown). The rates
of severe complications (>3a, according to the Clavien-
Dindo classification) was 28% in the ALPPS upfront group
and 42% in the PVE/rescue ALPPS group (P=0.17). The
90-day mortality was 9.8% and 11.5% respectively (P=0.79).

Discussion

Since the introduction of ALPPS, it has become
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increasingly clear that this method offers a higher possibility
of liver resection when the FLR is insufficient compared
to previously described methods. Despite the results
from a recent randomized trial that compared ALPPS to
TSH in patients with CRLM showing no differences in
complications or mortalities, the ALPPS method is still
debated; in addition, it demands the use of two surgical
procedures (7). The current study demonstrates that a
somewhat higher proportion of patients who were treated
with ALPPS upfront for CRLM are successfully resected,
compared to when PVE is applied and the ALPPS technique
is used as a rescue method for inadequate volume increases.
This study defined successful resections in an intention-
to-treat manner by combining the resection rate and
mortality in a similar way as previous study with resection
rate as primary outcome and mortality as a secondary
outcome (20). The reason for this definition is the
previously reported high resection rate and increased
mortality with ALPPS (4,21). Therefore, it seems
reasonable to combine these variables into a single endpoint.
The results differed from the previously claimed high
resection rates that were obtained with the ALPPS method
mainly because the 90-day mortality rate was considered
to be a failure in this study. At the same time, the resection
rate after PVE is high, which is partially due to the addition
of rescue ALPPS, when necessary (19). Although this study
only included patients from hepatobiliary centres who
received the ALPPS method, and the study period started
after the introduction of ALPPS, it is possible that more
patients in the PVE group could have been offered rescue
ALPPS. In 8 (37%) of the cases that failed in the PVE
group, an insufficient volume increase was evident. Despite
tumour progression being present in 7 of these cases, it
is possible that the early addition of ALPPS could have
changed this outcome. It has recently been demonstrated
that the main volume increase after PVE occurs early;
therefore, an earlier application of rescue ALPPS seems to
be a reasonable strategy, when indicated (22).

The volume increase with PVE alone that was observed
in this study is comparable to previous studies. Given that
the goal of the treatment is a SFLR of 30%, this goal would
not have been obtained for any patient with sFLR <17.4%
at the beginning of the treatment, and only 10.6% of the
patients with an initial sSFLR of <20% with PVE only would
have obtained this goal. Although the physiology of liver
hypertrophy is certainly more complex than our results
describe, and the role of KGR in predicting postoperative
failure should be acknowledged, the results indicate a low
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chance of successful resection when the sFLR is <20%
before PVE.

Earlier studies on rescue ALPPS have focused on
comparing the volume increases that are gained with the
ALPPS method in different settings (8,9). This study
investigated the total volume increase in rescue ALPPS
and, despite the somewhat lower increase between the
stages of ALPPS, the total volume increase of the FLR was
significantly greater than with the use of ALPPS alone. This
result further supports the idea of using sequential PVE
with the first volume assessment within 1-2 weeks, followed
by the use of rescue ALPPS, when necessary (22).

Tumour progression after PVE, making resection
impossible can be interpreted as a selection tool to spare
patients the suffering of surgery when the prognosis is
particularly negative. On the other hand, it may as well be
considered a failure of treatment as done in the current
study. This comes from the fact that patients in Scandinavia
are treated with chemotherapy before liver resections in the
settings of advanced CRLM and at least stable disease has
to be present to proceed to major liver resection. Thus the
“test of time” may be less relevant than in cohorts that have
not received chemotherapy. This study has not investigated
the ultimate outcome of cancer surgery, survival. However,
a small subset of the patients included in the current study
have been analysed regarding early recurrence without signs
of increased recurrence after ALPPS (23).

Despite the large number of included patients, this
retrospective study had several limitations.

First, the methods that were used for PVE differed
between the centres. Although strong evidence for the
superiority of any embolization material is lacking,
this heterogenicity may have influenced the findings.
Furthermore, the retrospective nature of this study accounts
for heterogenicity between patients regarding the time
between PVO and radiological evaluation. Additionally, the
study period started after the first publication concerning
ALPPS, and the use of the method could be unevenly
distributed. Thus, some of the patients in the PVE group
were not evaluated for this new treatment possibility.
However, half of the rescue ALPPS procedures were
performed in the first half of the study period, and the
other half of the procedures were performed in the second
half of the study period. During the study period, the
clinical routine procedure of assessing volume increases
approximately 4 weeks after PVE was the standard method;
therefore, it is possible that some patients experienced
tumour progression that could have been avoided with an
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early application of rescue ALPPS. Conversely, the lack
of liver function measurements in both this study and a
previous study that showed early growth of the FLR at one
week after PVE should result in caution concerning the use
of volume as the sole measurement of resectability (22).

The comparison of rescue ALPPS to ALPPS upfront
included patients with several different diagnoses, including
both primary hepatobiliary malignancies and CRLM. Some
of the patients received neoadjuvant chemotherapy, while
other patients did not receive this therapy. Both the type of
disease and the preoperative treatment may influence the
ability of the liver to undergo hypertrophy; therefore, this
heterogeneity may be seen as being limiting. On the other
hand, both groups included these different patients and, in
a subgroup analysis of only the patients with CRLM, the
difference was essentially the same as for the entire cohort.

Finally, sequential PVE and hepatic vein embolization
had not been used in any of the included patients. The
role of this new and less invasive method remains to be
evaluated.

Conclusions

ALPPS upfront offers a non-significant higher degree
of successful resections than PVE with rescue ALPPS
on demand. In addition, patients who are treated with
sequential PVE and rescue ALPPS have a better chance
of obtaining adequate FLRs than those who are treated
with ALPPS upfront. Therefore, the initial application
of PVE and the subsequent application of ALPPS seems
to be reasonable and is currently the preferred treatment
plan at the participating centres. Due to the tendency
towards higher resection rate with ALPPS upfront in
the era of long waiting time after PVE and recent results
indicating non-linear hypertrophy after PVE, we suggest
short waiting time after PVE in order to be able to apply
other measures to stimulate hypertrophy when needed. The
mortality found in the current study is of concern although
it is similar to findings from the largest TSH experience
published where the authors also suggest that earlier studies
may have underestimated mortality (24). This calls for both
careful discussions with the affected patients about risks
and benefits of the treatment and pursue of less invasive
alternatives to stimulate liver hypertrophy.
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