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Abstract

Background To compare the overall survival (OS) and disease-free survival (DFS) of Tourniquet-ALPPS (T-

ALPPS) and conventional two-stage hepatectomy (TSH) in patients with colorectal liver metastases (CRLM).

Methods A retrospective study from a prospectively collected database was performed between October 2000 and

July 2016. TSH was performed before September 2011, after which time T-ALPPS became the technique of choice.

A propensity score matching (PSM) was performed based on a 1:1 ratio with consideration of the following variables:

number and size of metastases, bilobar disease presence, and chemotherapy received.

Results Thirty-four patients received T-ALPPS; 41 patients received TSH. After PSM, 21 patients remained in each

group, with 100% resectability in the T-ALPPS group and 90.5% resectability in the TSH group. The median OS for

TSH was 41 months; for T-ALPPS, the median OS was 36 months (P = 0.925). The median DFS was 16 months in

the TSH group; the median DFS was 9 months in the T-ALPPS group (P = 0.930). The 1-, 3-, and 5-year OS for TSH

was 81%, 66.7%, and 23.8% vs. 76.2%, 57.1%, and 22.9% for T-ALPPS, respectively. The 1-, 3-, and 5-year DFS for

TSH was 66.7%, 9.5%, and 5% vs. 44.6%, 11.1%, and 11.1% for T-ALPPS, respectively. The volume increase with

T-ALPPS was superior to that with TSH (68% vs. 39%; P = 0.018). There were no differences in morbidity and

mortality after stages 1 and 2.

Conclusions T-ALPPS produces a similar outcome to TSH, indicating that it could be a safe and effective alternative

for curative hepatectomy for all patients.

Introduction

Liver resection offers a chance of cure for patients with

colorectal liver metastases (CRLM) [1, 2]. Only 15–30% of

patients are initially candidates for surgery [1]. In this

setting, a multidisciplinary strategy that includes new

chemotherapeutic agents has enabled resection for a

remarkable percentage of patients [3, 4].

Liver regeneration techniques have also increased the

number of patients who are suitable for surgery, since

hypertrophy that occurs in the future liver remnant (FLR)

could prevent post-hepatectomy liver failure (PHLF). The

first hypertrophy technique was portal vein embolization

(PVE) [5]; René Adam et al. [6] later introduced the two-
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stage hepatectomy (TSH). Both techniques are used in

patients with large unilobar or multiple bilobar liver

metastases with insufficient FLRs. The volume increase

achieved with PVE or TSH does not exceed 50% in most

series. In addition, they require a prolonged regeneration

time (between 4 and 16 weeks) that has been associated

with a dropout rate of 30%, which is mainly due to tumor

progression [7–9].

Recently, a new surgical technique known as associating

liver partition and portal vein ligation for staged hepatec-

tomy (ALPPS) achieves an increase in FLR of 60–80% in

only 9 days, mainly by interrupting intrahepatic vascular

collaterals using parenchyma bipartition in the first stage

[10]. Although ALPPS resectability is greater than 90%,

long-term outcomes for CRLM are contradictory [11–16].

Only one prospective study comparing ALPPS with TSH

has been published (LIGRO trial) [17], but it focused on

postoperative surgical outcomes. Only recently, a transla-

tional substudy of that trial focusing on early recurrence

has been published [18]. Due to the high initial morbidity

and mortality of ALPPS [10, 19, 20], we developed a

modification for the technique by placing a tourniquet on

the hepatic bipartition line during stage 1 (ALTPS or

Tourniquet-ALPPS) in order to avoid liver partition and

minimize the risk associated with the first intervention [21].

The aim of the present study was to compare the results

of Tourniquet-ALPPS (T-ALPPS) and TSH in CRLM, with

the primary end-point of analyzing the overall survival

(OS) and disease-free survival (DFS) at the 1-, 3-, and

5-year follow-up.

Patients and methods

Study design

We performed our first two-stage liver resections in

October 2000 and collected the data in a prospective

database [22]. Two types of surgical techniques were

consecutively carried out: conventional TSH initially and

T-ALPPS later. We performed a retrospective study

between October 2000 and July 2016 comparing these

surgical techniques in patients with CRLM. In all cases,

preoperative assessments consisted of tumor markers

(CEA, Ca 19.9), CT, or MRI and PET-CT. All patients

were informed about the risks of the procedure and signed

an informed consent.

Inclusion and exclusion criteria

Patients with liver metastases, an insufficient FLR, and

who required a two-stage liver resection were included.

Limited extrahepatic disease (i.e., few lung metastases or a

single peritoneal node) was not a contraindication for

surgery if there was a favorable response to neoadjuvant

chemotherapy and an R-0 could be reached. The exclusion

criteria we used were the presence of extensive extrahep-

atic disease, non-response to chemotherapy, and a poor

general status that contraindicated surgery (ECOG[ 2).

Propensity score matching

Considering that the two techniques were used in two

different periods of time, we attempted to avoid bias

relating to changes in chemotherapy or surgical indications

(i.e., ALPPS was used in some cases with large unilobar

disease and a very small FLR) by performing a propensity

score matching (PSM). The two-stage group was matched

at a 1:1 ratio with the T-ALPPS group with respect to the

following variables: number and size of the metastasis, the

presence of bilobar disease, and the type of chemotherapy

used.

Outcome measures

The primary end-points were OS and DFS at 1, 3, and

5 years; these end-point times were calculated from the

date of stage 1 (all patients had at least 2 years of follow-

up). Secondary end-points were morbidity (global and

C IIIB) [23] and mortality after stages 1 and 2, as well as

the increase in FLR after stage 1.

FLR was calculated in mL and percentage using CT

scans before both stages. The inter-stage interval was

defined as the time period between the first and second

surgical operations. FLR was considered insufficient when

it was less than 25% in patients with a healthy liver and

less than 35% in those who had received chemotherapy. A

ratio\ 0.5 for volume/bodyweight was considered insuf-

ficient in patients without neoadjuvant chemotherapy; a

ratio\ 0.7 in patients with prior chemotherapy was

insufficient. Liver failure was defined using the Interna-

tional Study Group of Liver Surgery criteria [24].

Surgical technique

Two-stage hepatectomy

In stage 1 after removing the metastases of the FLR, portal

occlusion was performed intraoperatively by PVL. The first

CT scan was performed two weeks after surgery and

repeated every week until a sufficient FLR was reached. In

stage 2, a major liver resection was performed. In 4

patients, the first intervention was performed using a

laparoscopic approach; the second stage was completed by

laparoscopy in 2 of them (right hepatectomy in both cases).
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Tourniquet-ALPPS

The technical details of T-ALPPS have been previously

described [21]. In stage 1, after removing the metastases of

the FLR, the right portal vein was sectioned. We placed a

tourniquet in the parenchymal section line to avoid com-

plete division of the liver; then, we knotted the tourniquet

tightly enough to completely occlude the intrahepatic

circulation.

The tourniquet was inserted on the Cantlie line or

umbilical fissure depending on the hepatectomy to be

performed in the second intervention. On the 7th postop-

erative day, volumetric CT was performed. During stage 2,

the tourniquet could be used to perform the hanging

maneuver, and the liver bipartition was performed fol-

lowing the ischemic line produced by the tourniquet.

Chemotherapy and follow-up

Patients were discussed in a weekly multidisciplinary

committee. Neoadjuvant chemotherapy was administered

normally, and a first re-evaluation was performed after 6

cycles. In the case of response according to RECIST [25]

criteria, surgery was performed; otherwise, chemotherapy

was continued until an adequate response was obtained.

Chemotherapy between the two stages was indicated in

TSH patients when disease progression was detected. In

patients who underwent T-ALPPS, no inter-stage

chemotherapy was usually indicated, given the few days

that elapsed between the two interventions. Adjuvant

chemotherapy was administered in all cases after comple-

tion of the two stages. Follow-up was performed with CT

and tumor markers every 3 months during the first year and

every 4–6 months from the second year.

Statistical analysis

We performed a 1:1 propensity score matching between the

T-ALPPS group and the TSH group using a logistic

regression with a match tolerance of 0.1. We included the

following variables: number and size of metastases, pres-

ence of bilobar disease, and type of chemotherapy used.

Variables with continuous values are reported as medi-

ans with accompanying ranges and were compared using

the Mann–Whitney U test. Variables with categorical val-

ues were compared using the Chi-squared test or Fisher’s

exact test. OS was calculated from the date of stage 1 until

death or the last follow-up, and DFS was calculated from

the date of stage 1 until the first recurrence. Survival

analysis was performed by intention to treat. OS and DFS

curves in both groups were generated using the Kaplan–

Meier method and compared with the log-rank test. For all

tests, the statistical significance (s.s.) was defined as

P\ 0.05. Statistical analysis was performed with SPSS

19.0 (IBM, Chicago, IL, USA).

Results

Demographic characteristics and results

of the global series

Seventy-five patients with CRLM were operated on during

the study period: 41 patients with TSH before September

2011 and 34 patients with T-ALPPS from October 2011 to

July 2016, with 100% resectability for T-ALPPS and

92.7% for TSH. In Table 1, we summarized the clinico-

pathological data.

Liver regeneration (volume increase and kinetic growth)

was higher and was reached in a shorter time with

T-ALPPS than with TSH. Serious morbidity and mortality

rates were similar in both groups (Table 2).

The 1-, 3-, and 5-year OS for TSH was 82.9%, 48.8%,

and 26.8% vs. 82.4%, 64.7%, and 35.3% for T-ALPPS,

respectively (P = 0.244). The 1-, 3-, and 5- year DFS for

TSH was 61.8%, 15.4%, and 2.6% vs. 54.8%, 12.9%, and

12.9% for T-ALPPS, respectively (P = 0.822).

Results after propensity score matching

After PSM, 21 patients were included in each group; there

were no differences in the demographic variables or in the

oncological characteristics of the patients’ primary tumors,

liver metastases, or neoadjuvant chemotherapies.

Resectability of the TSH group was 90.5% (two patients

did not reach the second stage due to tumor progression),

whereas resectability was 100% in the T-ALPPS group.

Survival outcome according to intention to treat

The median OS for TSH (including the 2 dropout patients)

was 41 months (CI 36.5–45.4); the OS for T-ALPPS was

36 months (CI 10–78.8) (P = 0.925). The median DFS in

the TSH group was 16 months (CI 12.6–19.3); in the

T-ALPPS group, DFS was 9 months (CI 6.2–11.7), which

lacked s.s. (P = 0.930). The 1-, 3-, and 5-year OS for TSH

was 81%, 66.7%, and 23.8% vs. 76.2%, 57.1%, and 22.9%

for T-ALPPS, respectively. The 1-, 3-, and 5-year DFS for

TSH was 66.7%, 9.5%, and 5% vs. 44.6%, 11.1%, and

11.1% for T-ALPPS, respectively (Figs. 1 and 2).

In the TSH group, 14 patients remained alive for more

than 3 years and 4 patients for more than 5 years; in the

T-ALPPS group, 7 patients remained alive at 3 years and 6

patients were alive for more than 4 years. Six patients in

the TSH group had recurrence within the first year after

surgery, two of these recurrences were exclusively in the
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liver and could be resected. In the T-ALPPS group, 10

patients had recurrence in the first year, and two of these

were exclusively in the liver and could be resected.

Volumetric data

The FLR increase with T-ALPPS was higher (68%; range

21.8–100%), than the increase with TSH (39%; range

21–66%) (P = 0.018). The inter-stage interval in the TSH

group was 45 days (range 28–60 days); the inter-stage

interval in the T-ALPPS group was 15 days (range

9–31 days) (P\ 0.001). There was no difference in the

ratio of volume/body weight for these two groups, but the

kinetic growth was higher in T-ALPPS than in TSH

(P\ 0.001) (Table 2).

Postoperative morbidity and mortality

In stage 1, there were no differences in blood losses,

transfusions, or hospital stays. The surgical time was higher

in the T-ALPPS group (P = 0.024). Major complications

( C IIIB) were similar for both groups, and there was no

mortality after stage 1 in either group.

In stage 2, the blood losses (P = 0.051) and surgical

times (P = 0.005) were higher in the TSH group than in the

T-ALPPS group; there were no differences regarding

transfusion and hospital stay. Overall morbidity (9 cases in

TSH vs. 10 cases in T-ALPPS), C IIIB complications (3 in

TSH vs. 2 in T-ALPPS), and PHLF (2 cases in TSH vs. 2

cases in T-ALPPS) were similar in both groups. Mortality

after stage 2 was similar in both groups (1 case in TSH and

2 cases in T-ALPPS).

Table 1 Demographic and clinical data

Before matching with PS After matching with PS

Parameters TSH (n = 41) T-ALPPS (n = 34) p TSH (21) T-ALPPS (21) p

Age, yr (range) 57 (26–74) 64.5 (36–83) 0.021 59 (47–74) 66 (44–83) 0.155

Gender (male) 25 25 0.174 14 15 0.161

ASA

II 26 15 0.095 12 6 0.061

III 15 19 9 15

T

T1–T2 4 3 0.890 2 1 0.549

T3–T4 37 31 19 20

Nodes

N0 15 7 0.130 9 3 0.40

N1-2 26 27 12 18

Synchronous

34 24 0.204 17 15 0.469

Primary tumor

Right colon 9 6 0.096 6 6 0.757

Rest of colon 13 19 10 8

Rectum 19 9 5 7

N 8 nodules, median (range) 8 (2–14) 4.5 (1–24) 0.026 8 (2–14) 8 (2–24) 0.840

Tumor size (cm), median (range) 3 (2–5) 4 (1–15) 0.03 2.3 (2–5) 3 (1–6) 0.08

CEA ng/ml, median (range) 23 (1–418) 17.5 (1–402) 0.759 18.5 (1–256) 18 (1–285) 0.919

Extrahepatic dis., 7 6 0.398 5 4 0.278

Lung 6 5 4 3

Peritoneum 1 1 1 1

Neoadjuvant Ch 32 29 0.423 21 19 0.147

Oxaliplatino 24 17 15 11

Irinotecan 5 6 4 3

Both 3 2 2 2

Capecitabina ? cetuximab 0 4 0 3

Biological agents 9 11 0.692 7 7 1
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Discussion

The oncological outcomes for patients with CRLM oper-

ated on by TSH and T-ALPPS were similar, but there is the

advantage of higher resectability for T-ALPPS (100% for

T-ALPPS vs. 90.5% for TSH). Before PSM there were

differences in the median number of nodules, which were

higher in the TSH group, while the median size was higher

in the T-ALPPS group. These findings were related to the

greater indication for ALPPS in patients with large liver

metastases occupying the right lobe with a very small left

lateral sector. After PSM, the two groups were homoge-

neous regarding preoperative CEA levels, number and size

of nodules, bilobar disease, and neoadjuvant chemotherapy

received—including the use of biological agents.

The initial publication from the ALPPS registry [11]

showed the best oncological results for patients with

CRLM, with a 1-year OS and DFS of 81% and 59%,

respectively. These similar results were communicated in

some hospital series [12, 26, 27]. However, other studies

[13, 28, 29] reported worse long-term outcomes, especially

in terms of early recurrence. Oldhafer et al. [13] reported

an 85.7% recurrence with a median of 8 months. In our

series, although recurrence within the first year after

T-ALPPS was also higher than in TSH, DFS was similar at

3 and 5 years.

Table 2 Volumetric data. Operative parameters. Morbidity and mortality

Before matching with PSM After matching with PSM

Parameter TSH (n = 41) T-ALPPS (n = 34) p TSH (n = 21) T-ALPPS (n = 21) p

Volumetry data

FLR stage 1. % 31 (20–43) 28 (17–37) 0.051 33 (27–43) 28 (17–37) 0.003

FLR stage 2. % 39 (21–65) 41 (30–57) 0.521 40 (36–61) 41 (31–55) 0.321

Increase. % 35 (21–86) 69 (19–137) 0.001 39 (21–66) 68 (21.8–100) 0.018

Interval. days 37 (21–60) 15.5 (9–33) 0.001 45 (28–60) 15 (9–31) 0.001

Kinetic growth. ml/day 7.2 (1.41–16.9) 18.5 (1.1–60.9) 0.001 10.1 (1.4–16.9) 18.6 (1.1–32.6) 0.001

Intraoperative data

Stage 1

Blood loss, ml 150 (50–300) 100 (50–200) 0.877 250 (50–500) 70 (40–800) 0.415

Patients transfused 1 1 0.711 1 1 1

Surgical time, min 120 (90–400) 150 (100–240) 0.008 120 (90–400) 180 (100–240) 0.024

Hospital stay, days 5 (3–12) 5.5 (3–21) 0.18 5 (4–10) 6 (3–21) 0.054

Stage 2

Blood loss, ml 500 (50–1500) 400 (80–1000) 0.028 600 (50–1500) 400 (90–1500) 0.051

Patients transfused 8 6 0.177 6 4 0.258

Surgical time, min 210 (120–420) 150 (90–300) 0.001 180 (150–300) 170 (90–210) 0.005

Hospital stay, days 8 (4–72) 9 (4–93) 0.456 8.5 (4–50) 10 (4–93) 0.530

Right trisectionectomy 7 11 0.173 4 6 0.154

Complications

Stage 1

Global morbidity 4 9 0.02 2 6 0.116

Morbidity C IIIB 1 2 0.449 1 1 1

PHLF 0 1 1 0 1 1

Stage 2

Global morbidity 11 12 0.564 9 10 0.757

Morbidity C IIIB 5 4 0.858 3 2 0.634

PHLF 7 5 0.673 2 2 1

Mild PHLF 7 3 2 1

Severe PHLF 0 2 0 1

Mortality 2 2 1 1 2 0.549

FLR future liver remnant; PHLF post-hepatectomy liver failure
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Adam et al. [15] compared 17 patients with ALPPS to

41 patients with TSH, in which there was a dropout rate of

36.6% in TSH vs. 0% in ALPPS. Overall survival at

2 years was significantly lower after ALPPS than after

TSH (42% vs. 77%, respectively) (P = 0.006), but there

was no significant difference in DFS (1-year DFS was 0%

vs. 10% for the TSH group). In the present series, the

1-year DFS (70.6% for TSH and 44.6% for T-ALPPS) was

higher than the one reported by Adam et al. Another ret-

rospective study [30] has reported similar results to ours

(one-year DFS for TSH was 80% vs. 67% for ALPPS), and

a recent publication from the LIGRO trial communicates

similar recurrence within 12 months after TSH and ALPPS

[18].A drawback of TSH is the dropout rate of 5–30% that

was related to prolonged regeneration or insufficient

hypertrophy [7, 9, 31]. The prolonged regeneration could

cause tumor progression; therefore, to avoid dropout most

authors suggest administering inter-stage chemotherapy

[6]. For some authors [32–34], this long period of regen-

eration allows the selection of patients avoiding surgical

operations during tumor progression. In our experience, the

dropout rate was also higher in the TSH group

(resectability of 90.6% vs. 100% for T-ALPPS). The

resectability for TSH in the Scandinavian randomized

controlled trial (LIGRO trial [17]) was only 57%, mainly

due to an attenuated hypertrophy (with higher rate of

crossover from TSH to ALPPS than in others series), and it

was probably related to the short time established as

treatment failure (8 weeks to achieve an FLR higher than

30%) contrary to the longer time interval (between 4 and

12 weeks) used by most authors [15, 31]. Due to the

greater resectability and the greater volume increase

obtained with ALPPS, we suggest that it could be indicated

in case of a very low FLR with the consequent need for a

large increase in volume in a very short period of time in

order to avoid tumor progression. This accounts for the

possibility of a 30% dropout rate for TSH, even with inter-

stage chemotherapy (as suggested by Adam et al.). The

presence of extrahepatic disease or advanced liver disease

should be controlled initially with neoadjuvant

chemotherapy since the patient will undergo two consec-

utive interventions in a short time and the period without

chemotherapy could be prolonged, especially if postoper-

ative complications manifest. For these reasons, we

Fig. 1 Overall survival of TSH

versus T-ALPPS (p = 0.925)
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consider either the presence of a high hepatic tumor load or

extrahepatic disease not controlled by neoadjuvant

chemotherapy to be an absolute contraindication for

ALPPS. The initial mortality of ALPPS was very high

[10, 19, 20, 35]; better results were reported in young

patients with CRLM [11]. In some recent publications from

the ALPPS World Registry [36–38], the mortality related

to ALPPS is decreasing, especially in centers with greater

experience. The use of risk adjustment in patient selection

and the use of less invasive techniques in stage 1 were

independent factors related to a decrease in mortality (from

the initial 17% to 4% in 2015) [37]. Mortality in our series

was similar in both groups, and it was comparable to the

results obtained in the first randomized trial (8.3% mor-

tality rate for ALPPS vs. 9.1% for TSH) [17]. In other

comparative series, the results are contradictory. For some

authors [30, 39–41], the mortality rate was higher with

ALPPS than with TSH; for Adam et al. [15], the mortality

rate was higher in TSH (0% in ALPPS vs. 5% in TSH).

This study has two fundamental limitations: Firstly, it is

a retrospective study that covers a long period of time.

However, as far as we know, it is one of the largest series

published by a single center. Secondly, the two techniques

were used in two different periods of time. To resolve these

complications, we performed a PSM to homogenize the

groups. After the PSM, we concluded that T-ALPPS could

be a safe and effective alternative, with results comparable

to TSH but the advantage of being able to offer a curative

hepatectomy to all patients. Therefore, we consider

T-ALPPS to be indicated in patients with CRLM with an

insufficient FLR in those who need to achieve rapid

regeneration.
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