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Abstract

Background and Aim Two-stage hepatectomy (TSH) with or without portal vein ligation (PVL) or portal vein embolization
(PVE) and associated liver partition and portal vein ligation for staged hepatectomy (ALPPS) are surgical strategies in the
treatment of advanced colorectal liver metastases (CRLM). The role of each strategy is yet ill defined. The aim of this analysis
is to share our center experience with conventional TSH with or without PVL/PVE and ALPPS in patients with advanced
bilateral CRLM.

Patients and Methods Data were extracted from a prospectively collected institutional database. Complication rates according to
the Dindo-Clavien classification, overall and recurrence-free survival data were analyzed.

Results Between 2008 and 2017, 790 liver resections were performed in 611 patients with CRLM. Out of 320 patients with
bilateral disease, TSH (as right or extended right hepatectomy) with or without PVL/PVE was performed in 50 patients and
ALPPS in 8. Stage 2 was completed in 36 (72%) out of 50 TSH/PVL/PVE and in all ALPPS patients (100%). Median follow-up
was 15.8 months (0.9 to 111.9 months). On an intention-to-treat basis, the median overall survival was 26.7 (21.8-35.1 range)
months after TSH/PVL/PVE and 36.2 months (11.3-61.2 range) after ALPPS (p =0.809). In the TSH/PVL/PVE cohort, the
median overall survival was 29.9 (19.0-40.3) months in patients who completed stage 2 compared to 13.8 months in patients who
did not (p < 0.001). Disease recurred in 60% in the TSH/PVL/PVE cohort and in 87.5% in the ALPPS cohort (p =0.777). The
median recurrence-free survival was 5.9 (1.7-18.6) months after TSH/PVL/PVE and 3 (1.6-14.8) months after ALPPS (p =
0.680).

Conclusion The treatment of advanced bilateral CRLM remains a surgical and oncological challenge. A tailored approach to bilateral
CRLM uses TSH/PVL/PVE as first and ALPPS as second rescue treatment in order to achieve resectability in patients with extensive
tumor burden not amenable to one-stage resection. ALPPS should be reserved for patients with no other surgical options.

Keywords Liversurgery - Surgical managementofbilateral colorectal liver metastases - Two-stage hepatectomy - Associating liver
partition and portal vein ligation for staged hepatectomy (ALPPS)
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patient selection, 5-year survival rates of up to 50-60% can be
reached. At the time of diagnosis, however, only 15-30% of
patients are candidates for upfront liver surgery. The majority
of patients have either oncological or functional contraindica-
tions to liver resection due to a too extensive, often bilateral
hepatic tumor burden or a too small liver remnant (future liver
remnant (FLR))."® To overcome this high rate of primary
hepatic irresectability, advances in modern chemotherapy of
CRLM including targeted therapy have been able to downsize
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hepatic lesions offering a chance of secondary resectability in
a substantial number of patients. On the other hand, new sur-
gical strategies have been proposed to address the problem of
the small (FLR).

Two-stage hepatectomy (TSH) has been implemented with
or without portal vein ligation or intermittent portal vein em-
bolization to induce hypertrophy of the remnant liver. TSH
has been shown to be safe but bears a substantial risk of drop-
out during the long interval between stages 1 and 2 due to
tumor progression or insufficient hypertrophy of the
FLR.”'® The concept of associated liver partition and portal
vein ligation for staged hepatectomy (ALPPS) was found to
induce a much more efficient and rapid hepatic hypertrophy
allowing RO resections in almost all patients, however, at the
expense of a high rate of early recurrences.'®"’

Pushing the limits with these complex surgical strategies in
patients with extensively pretreated livers, the role of each
strategy in the management of CRLM is yet ill defined. The
aim of this analysis is to share our center experience with
conventional TSH with or without portal vein ligation
(PVL)/portal vein embolization (PVE) and ALPPS in patients
with advanced bilateral CRLM.

Patients and Methods

For this analysis, we selected all patients with bilateral CRLM
who underwent a staged hepatectomy at our center between
January 2008 and December 2017. Data were extracted from a
prospectively collected institutional CRLM surgery database.
Follow-up was concluded in June 2018.

Institutional Approach to Bilateral Liver Metastases

Bilateral CRLM were resected in a single session (one-
stage hepatectomy (OSH)) whenever both volume and
function of the FLR were considered sufficient. When
FLR function was deemed critical (mostly due to prior
extensive chemotherapy), conventional TSH was planned.
In cases with a FLR/BW ratio below 0.5, TSH with inter-
mittent PVE or PVL was planned. ALPPS was considered
a last resort either for patients with an expected inade-
quate hypertrophy of the FLR following PVL/PVE (as-
sumed necessary hypertrophy rate > 60%) or in cases pre-
senting with technically critical circumstances such as
close proximity of the CRLM to vital vascular or biliary
structures of the FLR (in particular when partitioning of
the liver at first-stage hepatectomy seemed to be advisable
to reduce the risk of tumor invasion into the FLR.)

In either conventional TSH or ALPPS, the FLR was freed
from all visible metastases.
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Volumetric Analyses

Volumetric analyses were performed using Aquarius ©
Terarecon. Inc. Intuition Edition Version 4.4.12. Volume in-
creases after stage 1 or after PVE were evaluated 4-6 weeks
after the procedure/intervention. The second stage was sched-
uled as soon as the observed hepatic hypertrophy had led to an
FLR/BW ratio >0.5.

Conventional Two-Stage Hepatectomy

The conventional TSH group comprised all patients with TSH
alone, TSH with PVL during stage 1, and TSH with intermit-
tent PVE.

As pointed out before, right portal vein ligation or emboli-
zation was added whenever the functional FLR was consid-
ered too little. PVL was performed during the first-stage hep-
atectomy. If necessary, a partial hilar lymphadenectomy was
carried out in order to expose the right portal vein which was
then divided between clamps and both stumps sutured.

PVE was performed by interventional radiology in a sub-
sequent session after a median of 7 days (5-10 days). The
procedure was carried out under local anesthesia by a contra-
lateral approach to the portal vein and antegrade embolization
using a mixture of ethiodized oil and N-butyl cyanoacrylate
glue.

Associating Liver Partition and Portal Vein Ligation
for Staged Hepatectomy

Complete parenchymal transection was performed along the
falciforme ligament during the first stage (no partial ALPPS
was performed). In four cases, the FLR was freed from met-
astatic disease (1-3 nodes) by atypical parenchyma-sparing
resections. Hilar lymphadenectomy was performed routinely.
In order to avoid adhesions, both transection surfaces were
covered with hemostatic patches (TachoSil™) at the end of
stage 1. After volumetric confirmation of a sufficient hyper-
trophy of the FLR, stage 2 was scheduled after a median of
7 days after stage 1.

Morbidity and Mortality

Surgical complications were assessed according to the Dindo/
Clavien classification®® and documented separately for each
stage. Postoperative liver dysfunction was assessed by
Vauthey’s criteria which define an increase of serum bilirubin
above 7 mg/dL at any time point as liver insufficiency.”’
Mortality was determined as either in-hospital or 90-day
mortality calculated from the day of the respective stage of

surgery.
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Statistical Analysis

Prognostic factors for all cohorts were compared by the mod-
ified clinical risk score, which is based on N-stage of the
primary tumor, size of metastases > 5 cm, and k-ras status.??
Differences between groups were compared by x? test and
Student’s ¢ test as appropriate.

Recurrence-free and overall survival was defined as the
period from the first stage of surgery until the date of recur-
rence or death. Patients who did not complete the second stage
of the two-stage procedure were excluded from the analysis.
Patients with macroscopic tumor residues (R2 resection) were
excluded from the analysis of recurrence-free survival.

Categorical data were compared using x” test and contin-
uous data of normally distributed data by the Fisher exact test.
The Mann-Whitney U test was used to compare medians of
data without normal distribution. Survival analyses were per-
formed using the Kaplan-Meier method, and the log-rank test
was used to compare median survivals between groups. P
values < 0.05 were considered significant.

Results

During the study period, a total of 611 patients underwent 790
liver resections for CRLM at our center (Fig. 1). Out of 320
patients with bilateral disease, 63 were scheduled for TSH
according to the abovementioned algorithm with 58 of them
requiring a right hepatectomy or right trisectionectomy. These
58 patients were included in this analysis (Table 1). The re-
maining patients underwent one single liver resection for
bilobar metastases without previous portal vein manipulations.

Of the 58 patients, 50 underwent conventional TSH (16
with neither PVL nor PVE, 14 with intermittent PVE, and

Liver resections for CRLM 790
patients n=611

1 > Unilobular metastases
n=291
Bilobular metastases
n=320
= One stage hepatectomy
1 n=257
Two stage hepatectomy (TSH)
n=63
b TSH requiring left hepatectomy or
1 bilateral atypical resections
n=5

TSH requiring right hepatectomy or right
trisectionectomy

n=58
TSH PVL PVE ALPPS
n=16 n=20 n=14 n=8

Fig. 1 Study design

20 with PVL during stage 1), and 8 patients had an ALPPS
procedure. The baseline characteristics of the 58 patients did
not differ in between groups (Table 1). Ninety-one percent
(53/58) of patients had been treated with chemotherapy with
additional targeted therapy (78%) before liver surgery.
Reasons for no chemotherapy prior to the first stage were
simultaneous resection of the primary cancer and the liver
metastases (n = 1), previous local ablative therapy (n =2),
and refusing chemotherapy by patient (n =2).

Synchronous resection of the CRC primary was performed
in seven cases during the first step in the TSH/PVL/PVE
group. A liver-first approach was chosen in 2 patients in the
TSH/PVL/PVE group. ALPPS was always performed after
resection of the CRC primary.

In the TSH/PVL/PVE group, a median of three metastases
(range 1-7) was removed from the FLR during stage 1 com-
pared to a median of one metastasis (range 0-3) in the ALPPS
group (p =0.005).

In the TSH/PVL/PVE group, there were 7 patients with
extrahepatic tumor at the time of liver resection (lung metas-
tases in five and primary tumor in two cases) while no ALPPS
patient had extrahepatic disease (p =0.358).

The majority of patients had a clinical risk score >2. The
groups did not differ regarding k-ras status or clinical risk
scores (Table 1).

Portal Vein Interventions

PVE was performed by interventional radiology without any
complication. There was no observed morbidity from PVL
during stage 1, either. The time intervals between PVL or
PVE and stage 2 did not differ significantly (58 days after
PVE vs 70 days after PVL, p =0.210).

Stage-Two Procedures

Of the entire cohort of patients, 47 (81%) proceeded to stage 2
and 44 completed the staged hepatectomy.

In the TSH/PVL/PVE group, 39 (78%) out of 50 patients
went into stage 2. Reasons for not proceeding to stage 2 in this
group (n =11) were tumor progress (n =8; TSH/PVL/PVE
4/3/1), poor general condition (TSH n =1), cardiac
decompensation/arrest (TSH n = 1), and liver failure (PVL
n =1). Out of these 39 patients, hepatectomy could be com-
pleted in 36 patients (72%) as a right hepatectomy (n = 25) or
right trisectionectomy (n = 11). Reasons for not completing
stage 2 were the intraoperative diagnosis of multiple paracaval
lymph node metastases (n = 1) or newly occurred liver lesions
in the FRL (n =2) which were not detectable in the preoper-
ative CT scan.

In the ALPPS group, stage 2 was performed after a median
of 7 days (range 611, IQR 1.5) and completed in all patients
(100%).
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Table 1  Patient characteristics
TSH (n =16) PVL (1 =20) PVE (n = 14) ALPPS (1 =8) TSH/PVL/PVE
vs ALPPS (p value)
Sex
Male 14 12 10 4 0.219
Female 4 4
Age
Median (range) 51.5 (42-70) 62 (36-78) 60.5 (35-74) 52 (37-69) 0.633
Site of primary tumor
Colon 10 14 10 4 0.329
Rectum 6 4 4
T stage (primary tumor)
TO 1 0 0 0 0.069
T1 1 0 0 1
T2 2 0 2 3
T3 8 14 10 3
T4 3 5 2 1
Unknown 1 1 - -
N stage (primary tumor)
N negative 6 3 0.260
N positive 12 16 8 5
Unknown 1 1 - -
Timing of liver metastases
Synchronous 15 17 10 6 0.540
Metachronous 1 3 4
Size of metastases > 5 cm 5 7 5 0.257
Extrahepatic disease
Primary tumor lung metastases 1 4 - - 0.358
Preoperative chemotherapy 16 19 11 7 0.680
k-ras mutation 3 8 1 4 0.136
Modified clinical risk score
m-Risk-score (median) 1 2 1 2 0.501
m-Risk-score 0—1 9 6 11 3
m-Risk-score 23 7 14 3

The extent of resection was significantly higher in the
ALPPS group (right trisectionectomies only; + segment [
(n =4)) than in the TSH/PVL/PVE group (11/36 right
trisectionectomies) (p = 0.007).

In the ALPPS group, all resections were RO resections
while there were 35 RO resections and one R1 resection in
the group of completed TSH (Table 2).

While 14/50 patients (28%) in the TSH/PVE/PVL
group did not have complete tumor clearance (R2), none
of the ALPSS patients had incomplete tumor clearance
(p =0.09).

Morbidity and Mortality

The perioperative outcome of the first and second stages is
listed in Table 3 (only complications grade III or higher are
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reported). The in-hospital mortality was 3.4% (2/58; 1/50
after TSH and 1/8 ALPPS each), and the 90-day periopera-
tive mortality was 5.2% (3/58; 2 after TSH and 1 after
ALPPS).

In the conventional TSH group, one patient died after
stage 1 from cardiac decompensation and another after
PVL on day 90 due to liver failure. There was no mortality
after stage 2.

In the ALPPS group, one patient died on postoperative day
53 from iatrogenic duodenal perforation and inferior vena
cava injury related to endoscopic retrograde cholangiography
for persistent bile leak. Up to this point, the patient had no
signs of liver insufficiency but, however, evidence of
intrahepatic tumor recurrence.

There was no significant difference in the postoperative
complication rate between TSH/PVL/PVE and ALPPS.
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Table 2  Perioperative outcome
TSH (n = 16) PVL (n =20) PVE (n = 14) ALPPS (n =8) TSH/PVL/PVE vs
ALPPS (p value)

Approach stage 2 10 (63%) 16 (80%) 13 (93%) 8 (100%) 0.001
Median number of resected metastases (range)

Stage 1 3 (1-6) 2 (1-6) 3(0-7) 0.5 (0-3) 0.005

Stage 2 4.5 (0-13) 4(2-13) 6 (3-11) 5(1-12) 0.548
Median hospital stay, days (range)

Stage 1 9.5 (7-65) 9 (7-45) 13 (6-39) 23.5 (20-66) 0.020

Stage 2 8.5 (7-25) 18 (9-44) 18 (6-45) 0.038
Extend of stage 2 hepatectomy

Right hepatectomy 6 13 6 - 0.007

Right trisectionectomy 2 3 6 8

Exploration only - 1 -
Liver resection margin stage 2

RO 8 15 12 8 0.376

R1 - 1 - -
Associated extrahepatic procedures

Diaphragm resection 1 2 3 1 0.969

Bowel resection 4 1 3 - 0.004

Hilar lymph node dissection 5 10 5 8 0.006

Vascular resection VCI - - - 1 0.351

Resection of hilar bifurcation 0 0 1 4

Liver Failure

Postoperative liver failure occurred in six patients after
TSH (n =1)/PVL (n =3)/PVE (n =2) after the first stage.

Two of them failed to reach the second stage. The initial
FLR/BW ratios in these two patients had been 0.3 and
0.4. One of these patients (PVL) died on day 90 from
persistent liver failure. Liver histology was unremarkable

Table 3  Morbidity after the first- and second-stage hepatectomies according to the Dindo-Clavien Classification

TSH (n = 16) PVL (n =20) PVE (n = 14) ALPPS (n = 8) TSH/PVL/PVE vs
ALPPS (p value)

Total number of patients with grade III-IV complications

Stage 1 3 3 1 - NS

Stage 2 1 5 4 NS
Total number of patients with grade V complications

Stage 1 1 1 - NS

Stage 2 - - - NS
Complication after stage 1 (grades I1I-IV)

Pleural effusion 2 - 1 NS

Abscess 3 2 1 NS

Biliary fistula/bilioma - - - NS

Liver failure 1 1 - NS
Complication after stage 2 (grades I1I-1V)

Pleural effusion - 2 - NS

Abscess - 3 3 - NS

Biliary fistula/bilioma 1 3 3 NS

Liver failure - 2 2 - NS

NS not significant
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in one patient and showed signs of mild fibrosis in the
other.

After the second stage, four patients developed bilirubin
serum levels above 7 mg/dL within a median interval of
12 days (range 5-21). These patients fully recovered from
liver insufficiency. Histology of the resected specimen re-
vealed mild steatosis in two patients, while parenchyma was
normal in the other two.

No postoperative liver insufficiency occurred after ALPPS
(p =0.159).

Overall Survival

At the time of this analysis, 23 patients (46%) are alive after
TSH with or without PVE/PVL and 2 after ALPPS (25%).
The median follow-up was 15.8 months (range 0.9-111.9)
and no patient was lost to follow-up.

On an intention-to-treat basis, the median overall sur-
vival after TSH/PVE/PVL was 26.7 months [CI 21.8—
35.1 months] and did not differ significantly from the me-
dian overall survival of patients who underwent an ALPPS
procedure with 36.2 months (CI 11.3-61.2 months) (p =
0.809) (Fig. 2).

On a per protocol basis, overall survival of patients who
completed the two-stage concept (n =36) was significantly
longer (29.9 months, range 19.0-40.3) compared to patients
who had only stage 1 (n =11) or an incomplete second stage
(n =3) (13.8 months, p <0.001) (Figs. 3 and 4).

Recurrence

Tumor recurred in a total of 78.7%. The recurrence rate was
higher after ALPPS than after completed TSH with or without
PVE/PVL (87.5% vs 60%, p =0.777).

The median recurrence-free survival of the TSH/PVL/PVE
cohort was 5.9 months (range 1.7—-18.6), while it was 3 months
(range 1.6-14.8) for the ALPPS group (p =0.680) (Fig. 5).

Discussion

TSH + PVL/PVE and ALPPS are accepted surgical proce-
dures in the treatment of bilateral CRLM. In order to find their
optimal role and field of application, one has to reflect the
advantages and disadvantages of each technique in relation
to the patient’s performance status and his individual oncolog-
ic prognosis. Considering the success of modern chemothera-
py and these pros and cons of two-stage procedures, we have
established a policy at our institution, which is mainly based
on patient safety. Our aim is to resect all metastases during one
procedure by accepting narrow resection margins. If the vol-
ume and estimated functional capacity of the future liver rem-
nant are too small, a classical two-stage procedure is initiated.
Depending on the estimated tumor biology, these procedures
are embedded into chemotherapy concepts. Only, if TSH/
PVE/PVL fail or are assumed not to be efficient enough to
achieve the required increase in liver volume, an ALPPS pro-
cedure is performed.

Fig. 2 Overall survival TSH/
PVL/PVE vs ALPPS (p = 0.809). 1.0 |
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Fig. 3 Overall survival
completed TSH/PVL/PVE and 1.0
ALPPS in comparison to failed
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A major problem of TSH + PVL/PVE is the risk of dropout
between stages 1 and 2. In our cohort, 22% of patients failed to
proceed to the second stage. This result is slightly better than
reported data from other series with dropouts ranging from 25
to 38%.%> Reasons for dropout in our series were progressive
disease and persistent post stage 1 liver dysfunction. We did
not observe any case of insufficient hypertrophy of the FLR
which is one of the main reasons for failure of TSH concepts
in the literature.”**> In our series, the ALPPS group had a

higher completion rate than the TSH group which is concor-
dant with published data. The high completion rate in ALPPS
is important as patients not proceeding to stage 2 resection are
known to have a poor prognosis with survival rates even lower
than in patients treated with chemotherapy alone. Thus, the
completion of stage 2 resection is of major importance in
either two-stage concept (Fig. 6).523242628

Similarly to other studies, we also observed a slightly but
not significant higher complication rate in our ALPPS cohort.

Fig.4 Overall survival ALPPS vs
completed TSH (p =0.542)
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Fig. 5 Recurrence-free survival
after first-stage hepatectomy: pa- 1.0
tients who underwent TSH, PVL,
PVE, and ALPPS (p =0.680)
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In contrast, five patients in the TSH+ group experienced liver
insufficiency which was fatal in two cases. Interestingly, we
observed liver insufficiency twice after the first stage of the
TSH= concept, which is an unusual finding.'>?’ The reasons
for post stage 1 liver insufficiency remain unclear since we
could not identify any differences regarding the perioperative,
histopathological, or oncological characteristics of the
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affected patients in comparison to the entire patient cohort.
In contrast, no postoperative liver failure occurred after
ALPPS. A recently published meta-analysis by Moris et al.
still accounted a higher morbidity and mortality in ALPPS
than in conventional TSH.?® Also, in our series, the mortality
also appeared higher after ALPPS (1/8 vs 2/50), but we could
not test for significance due to the low number of patients.

Fig. 6 Overall survival in
comparison to unilateral CRLM, 1.0+
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Noteworthy, in our series, the extent of liver resection differed
significantly between both cohorts. In the ALPPS group, we
only performed right trisectionectomies with an additional re-
section of segment I and excision of 1-3 metastases out of the
FLR in four cases, each. In contrast, in the TSH+, only 11
patients (28%) out of 39 received a right trisectionectomy.

Next to two-stage procedures, parenchymal-sparing liver re-
sections in one-stage hepatectomy (OSH) are an accepted alter-
native to extended hepatectomies. In this concept, major ana-
tomical resections are avoided if possible, and CRLM are main-
ly removed by atypical resections. This approach minimizes
parenchymal loss but at a higher risk of tumor-positive resec-
tion margins. However, although at first glance this is in con-
tradiction to basic rules of oncologic surgery, in recent years, R1
resection has become more and more accepted in the treatment
of CRLM, in particular in multifocal CRLM with good re-
sponse to chemotherapy. Even more so, the detachment of me-
tastases from major vascular structures (R1 vascular margin)
has been shown to be almost equivalent to RO resection.**
We favor OSH and parenchymal-sparing resections when pos-
sible and perform TSH#+ and ALPPS only in patients with high-
risk features for postoperative liver dysfunction. This is
reflected by the fact that we chose a two-stage approach in only
about 20% of patients with bilateral CRLM.%!!-27-34-3¢

When comparing our results after conventional TSH=+
PVL/PVE and ALPPS with published data, we have to em-
phasize again that in our institutional approach, TSH and es-
pecially ALPPS are considered a last resort which implies a
negative oncological selection. Accordingly, 48% of two-
stage and 63% of ALPPS patients had high CRS (2-3), but
did not differ from each other. We perform any two-stage
procedure very selectively and ALPPS only when there is no
surgical alternative. This explains the 100% trisectionectomy
rate in our cohort. This is a most striking difference in com-
parison to data of the first randomized controlled trial compar-
ing ALPPS vs TSH/PVE, in which ALPPS was significantly
superior with regard to resection rate, but no difference in the
perioperative complication and 90-day mortality rate was
found. Oncologic long-term data were not given.’” But in this
trial, the majority of TSH and also of ALPPS were right hep-
atectomies only. Our patients all had extensive chemotherapy
which is another important difference to most other data from
the literature with a more liberal indication of ALPPS.*® In the
light of this and considering that ALPPS is a last resort in our
institutional approach, the oncological outcome of ALPPS for
CRLM needs to be compared to the outcome after palliative
chemotherapy. And here, our median survival of 36.2 months
for the ALPPS group seems to be considerably better than the
median overall survival after palliative treatment (currently
about 25 months) and even more so, if not the date of surgery
but the start of preoperative chemotherapy is considered
which adds another 6 to 7 months resulting in a median sur-
vival after ALPPS of about three and a half years.

Conclusion

A tailored approach to bilateral CRLM, as proposed by our
series, uses TSH+ as first and ALPPS as second rescue treat-
ment in order to achieve resectability in patients with exten-
sive bilateral tumor not amenable to one-stage resection. In
our thinking, ALPPS does not replace other surgical strategies
but adds up to the armamentarium of the experienced liver
surgeon. As long as robust data regarding oncological out-
come are missing, standard TSH with or without PVL/PVE
and ALPPS might be complementary strategies for resection
of CRLM. ALPPS should be reserved for patients with no
other surgical option, i.c., after failed PVE or those with an
extremely small FLR. In these individual situations and al-
ways embedded into a multimodal treatment setting, ALPPS
may still offer a chance of complete tumor removal, prolonged
survival, and even a chance for cure.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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