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ABSTRACT

Background: Although numerous comparisons between conventional Two Stage Hepatectomy (TSH) and
Associating Liver Partition and Portal Vein Ligation for staged hepatectomy (ALPPS) have been reported,
the heterogeneity of malignancies previously compared represents an important source of selection bias.
This systematic review and meta-analysis aimed to compare perioperative and oncological outcomes
between TSH and ALPPS to treat patients with initially unresectable colorectal liver metastases (CRLM).
Methods: Main electronic databases were searched using medical subject headings for CRLM surgically
treated with TSH or ALPPS. Patients treated for primary or secondary liver malignancies other than CRLM
were excluded.
Results: A total of 335 patients from 5 studies were included. Postoperative major complications were
higher in the ALPPS group (relative risk [RR] 1.46, 95% confidence interval [CI] 1.04—2.06, ¥ = 0%), while
no differences were observed in terms of perioperative mortality (RR 1.53, 95% CI 0.64—3.62, P = 0%).
ALPPS was associated with higher completion of hepatectomy rates (RR 1.32, 95% CI 1.09—1.61, P= 85%),
as well as RO resection rates (RR 1.61, 95% CI 1.13—2.30, P= 40%). Nevertheless, no significant differences
were achieved between groups in terms of overall survival (OS) (RR 0.93, 95% CI 0.68—1.27, ¥ = 52%) and
disease-free survival (DFS) (RR 1.08, 95% CI 0.47—2.49, ¥ = 54%), respectively.
Conclusion: ALPPS and TSH to treat CRLM seem to have comparable operative risks in terms of mortality
rates. No definitive conclusions regarding OS and DFS can be drawn from the results.

© 2022 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

1. Introduction

remains the cornerstone of curative treatment of colorectal liver
metastases (CRLM), achieving 5-year survival rates of up to 50% [1].

Despite recent advances in chemotherapy regimens, surgery The definition of resectability has evolved over the years. In 2006,
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The Americas Hepato-Pancreato-Biliary Association (AHPBA)
Consensus Conference stated that the indication of resection
depended on the presence of sufficient future liver remnant (FLR)
after complete (RO) resection. Unfortunately, only 25% of patients
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Table 1
Risk of bias assessment (Newcastle-Ottawa quality assessment scale criteria and Jadad scale).
Newcastle- Selection Comparability Outcome Quality
Ottawa scale score
Study Representativeness of the Selection of Ascertainment Outcome Comparability of cohorts Assessment Follow- Adequacy of
exposed cohort the non- of exposure of of outcome Up Long Follow-Up
exposed interest Enough
cohort from was not for
same source present Outcome
as exposed at start of to Occur
cohort study
Ratti et al. Patients who underwent Yes* Surgical Yes* The ALPPS group was matched Medical Yes* 1-year overall  Good
(2015) ALPPS for CRLM at three records* based on a 1:3 ratio with records* survival was 92
tertiary hospitals in Italy were patients who underwent TSH, and 94% for
compared with a cohort of including seven covariates: ALPPS and TSH
patients who underwent TSH age, associated comorbidities, group
for CRLM at a single number of chemotherapy respectively.*
institution.* cycles, primary tumor
location, number of liver
lesions, synchronous
presentation, and extent of
hepatectomy.
Adam et al.  Patients who underwent TSH Yes* Surgical Yes* No adjustement of Medical Yes* Only five Good
(2016) or ALPPS for colorectal liver records* confounders was performed.* records* patients in the
metastases at one institution.* TSH group
remained alive
after 3 years of
follow-up. *
Kambakamba Patients who underwent TSH Yes* Surgical Yes* Data on comparable variables Medical Yes* 5-year overall  Good
etal. or ALPPS for CRLM at two records* were obtained from medical records* survival was
(2016) tertiary institutions.* records. No adjustement of described
confounders was performed.* without losses
in follow-up. *
Baumgart Patients who underwent TSH Yes* Surgical Yes* Data on comparable variables Medical Yes* Median overall Good
etal or ALPPS for colorectal liver records* were obtained from medical records* survival after
(2019) metastases at one institution.* records. No adjustement of TSH and ALPPS
confounders was performed.* was 26.7
months and 36.2
months
respectively.*
Jadad scale Randomisation Double-blinding Withdrawals and dropouts Total
Sandstrom et al. (2018) Not blinded.
2 points 0 points 1 point 3 points

Good quality: 3 or 4 stars (*) in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome domain; Fair quality: 2 stars in selection domain AND 1
or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain; Poor quality: 0 or 1 star in selection domain OR O stars in comparability domain OR 0 or 1

stars in outcome/exposure domain.

ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; TSH: two-staged hepatectomy; CRLM: colorectal liver metastases.

with CRLM are deemed suitable for resection [2], either at diagnosis
or after conversion therapy.

Lately, in patients with initially unresectable CRLM, the addition
of cetuximab to the classical chemotherapy doublet regimen or the
use of a triplet regimen with the addition of bevacizumab or
cetuximab was reported to achieve resection rates of up to 61%
[3—5] and 55% [6—8], respectively. The relationship between
objective response rate and resection rate in clinical trials involving
patients with initially unresectable CRLM increases when resection
is included as a secondary study end-point [9]. Therefore, evalua-
tion by a multidisciplinary team is a key factor in selecting patients
suitable for resection [10].

Two-stage hepatectomy (TSH) including portal vein ligation or
portal vein embolization in the first stage to induce hypertrophy of
the FLR has been developed in an attempt to allow resection in
patients with insufficient FLR [11—13]. In 2000, Adam et al.
described the TSH technique for patients with bilateral multi-
nodular CRLM [14]. The greatest drawback of this approach,
described in nearly one third of patients in whom TSH is planned
[15], is the risk of tumor progression during the 4—8 weeks
required for the FLR hypertrophy needed to avoid post-
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hepatectomy liver failure (PHLF) [16]. Survival rates reported in
patients not proceeding to second stage resection are lower than in
patients treated with chemotherapy alone [14,15,17,18].

In 2011, a new TSH technique was described [19]. This technique,
designated as Associating Liver Partition and Portal vein ligation for
Staged hepatectomy (ALPPS), consists of a combination of portal
vein ligation and in situ parenchymal transection during the first-
stage hepatectomy, allowing faster regeneration of the FLR and
reducing the possibility of tumor progression. However, morbidity
and mortality rates of up to 60% and 15%, respectively, were initially
reported, representing major disadvantages of this technique [20].
Nevertheless, after the creation of the international ALPPS registry
(www.ALPPS.org) with increased levels of experience, major
Clavien-Dindo complications, and 90-day mortality rates, were
comparable to those in patients undergoing TSH, but with a
completion rate of 98% [21]. Recently, benchmark values for ALPPS
have been described demonstrating that the ALPPS procedure
performed in low-risk patients (ie younger age, high-volume center
and favorable tumor type) is associated with low morbidity and
mortality and matches those of major hepatic surgery or any other
abdominal surgery [22—24].
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3. Other techniques = 4

4. Other malignancies = 8

5. Review articles = 10

Fig. 1. PRISMA study flow diagram.

Although numerous comparisons between TSH and ALPPS have
been reported in terms of complications, completion rates and liver
regeneration efficiency, the heterogeneity of patients and, mainly,
the wide variety of different malignancies compared in previous
studies, such as hepatocellular carcinomas, neuroendocrine tu-
mors, hilar and intrahepatic cholangiocarcinoma, gallbladder tu-
mors, etc., represent an important source of selection bias [25—28].
While attempts have been made to compare both techniques with
the published data, no large comparative study regarding CRLM is
currently available. Accordingly, this systematic review and meta-
analysis aimed to assess the safety and feasibility of TSH
compared to ALPPS only for initially unresectable CRLM, perioper-
ative outcomes and its effect on locoregional recurrences, as well as
to evaluate overall survival (OS) and disease-free survival (DFS).

2. Methods

Only articles published since 2011 when ALPPS was first re-
ported, involving humans and written in English that compared
TSH versus ALPPS with initially unresectable colorectal liver me-
tastases (FLR <30%), were included. Exclusion criteria included
patients treated for primary or secondary liver malignancies other
than CRLM.

Primary end-points included [1] volumetric outcomes: per-
centage of FLR increase and time between stage one and two; and
[2] perioperative outcomes: surgery duration, blood loss and red
blood cell transfusion, postoperative adverse events, perioperative
mortality, completion of both stages, and margin-negative (RO)
resection rate. Secondary end-points included oncological out-
comes: OS and DFS.

In order to be included in this meta-analysis, studies [1] had to
report on at least one of the primary end-points and [2] had to
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indicate how many patients underwent the procedure. Studies
were excluded from the review if [1] primary end-points were not
clearly reported, and [2] the surgical technique was unclear to
ascertain ALPPS.

2.1. Search strategy

The Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, Embase (via Ovid), and CINAHL (via EBSCO) from 2011 to
present were searched using a combination of medical subject
heading (MeSH) and key terms on TSH and ALPPS. Search terms
included “two stage hepatectomy” OR “TSH”, “associating liver
partition and portal vein ligation for staged hepatectomy” OR
“ALPPS”, “portal vein ligation” OR “PVL” and “portal vein emboli-
zation” OR “PVE”, and any derivatives of these terms. Searching for
the studies was done by hand by screening abstracts and full texts
when necessary. An additional manual search included references
listed in already identified studies, relevant review articles, and
journals’ tables of content. One of the authors developed the search
strategies. The first search was run in September 2019 and updated
in December 2021.

2.2. Data collection and analysis

Two different authors (PG and TDV) reviewed the articles
eligible for the review and extracted variables concerning first
author, year of publication, study population demographics, study
design, inclusion and exclusion criteria of each study, tumor-related
characteristics, chemotherapy-related regimens, regeneration effi-
ciency of FLR, operative variables related to the surgical procedures,
and oncological outcomes. Discrepancies between reviewers were
resolved after discussion between them and two senior authors
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Table 2a
Demographic variables, tumor characteristics and neoadjuvant treatment of ALPPS versus TSH for CRLM.
Ratti et al. (2015) Adam et al. (2016) Kambakamba et al. (2016) Sandstrom et al. (2018) Baumgart et al. (2019)
Study design Retrospective multicentric Retrospective cohort study Retrospective multicentric Multicentric RCT Retrospective cohort study
case-control study cohort study
Patients ALPPS TSH ALPPS TSH ALPPS TSH ALPPS TSH ALPPS TSH
(n=12) (n = 36) (n=17) (n=41) (n =43) (n=231) (n =48) (n =49) (n=28) (n =50)
Demographics Age 59 (51-79) 59 (42—-66) 58 (23-75) 58 (32—75) 58 (49—66) 654 + 8.9 649 +11.7 52 (37-69) 58 (35-78)
Male sex 5(41.7%) 19 (52.8%) 12 (70%) 23 (56%) 40 (54.1%) 32 (67%) 36 (73%) 4 (50%) 36 (72%)
ASA 1/11/11/1Iv 0/9/3/0 2/24/9/1 2/11/14/0 4/33/4/0 N/A 12/32/4 12/28/9 N/A
BMI 25(21-29)  22.5(19 N/A N/A 24.9 + 3.3* 264 + 3.5 NJA
—28)
Tumor Primary tumor location Colon 9 (75%) 25 (69.4%) 13 (76%) 27 (66%) N/A 28 (58%) 29 (59%) 4 (50%) 34 (68%)
characteristics Rectum 3(25%) 11 (30.6%) 4 (23%) 14 (34%) N/A 20 (42%) 20 (41%) 4 (50%) 16 (32%)
T-stage primary tumor 1-2/3-4 0/12 2/34 1/15 4/30 7167 N/A 4/4 6/42
N-stage primary tumor 0/1-2 7/5 12/24 3/13 6/27 13/61 N/A 3/5 12/36
Synchronous/metachronous 5/7 13/23 15/2 38/3 63/11 N/A 6/2 42(8
Number of lesions (1-5/6-10/11-) 4(1-11) 5(1-13) 10 (3—20) 10 (2—35) 5(3.0-8.6) (16/21/11) (15/15/19) NJA
Largest tumor size (mm) 44 +17.6 38+25 40 (13—145) 50 (10 N/A 54 + 41 49 + 39 N/A
—150)
Extrahepatic disease N/A 6 (35%) 12 (29%) 3 (4%) 0 9(18%) 7 (14%) 7 (14%)
Neoadjuvant Neoadjuvant chemotherapy 9 (75%) 30 (83%) 17 (100%) 41 (100%) 39 (90%) 28 (90%) 47 (98%) 48 (98%) 7(87%) 46(92%)
treatment Preoperative chemotherapy cycles 6(2—-12) 6(4-9) 8 (4-37) 11(4-32) 6(5-8) 6 (4-7) 6+4 7+4 N/A
Chemotherapy regimen Oxaliplatin based 5 (41.7%) 12 (33.3%) 13 (76%) 27 (66%) 21 (49%) 14 (45%) 26 (54%) 29 (59%) N/A
Irinotecan based 5 (41.7%) 18 (50%) 6 (35%) 17 (41%) 12 (16%) 12 (39%) 20 (41%) 16 (32%) N/A
Capecitabine — — N/A N/A 6 (14%) 4 (13%) 4 (8%) 5 (10%) N/A
based
Biologic agents 5 (41.7%) 15 (41.7%) 15 (88%) 39 (95%) 28 (65%) 18 (58%) 16 (33%) 16 (32%) 45 (78%)
Response to chemotherapy Stable disease N/A N/A N/A 4 (11%) 4 (14%) 9(18%) 10 (20%) N/A
(RECIST) Partial response N/A N/A N/A 30 (77%) 25 (89%) 38 (79%) 38 (77%) N/A
Progression N/A 2(11%) 4 (9%) 2 (5%) 2(7%) - - N/A

RCT: randomized controlled trial; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; TSH: two-staged hepatectomy; CRLM: colorectal liver metastases; ASA: American Society of Anesthesiologists;
BMI: body mass index; FLR: future liver remnant. N/A: not assessed; *: statistically significant. Data are expressed as number of cases and percentages or range in parenthesis.
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Table 2b
Volumetric, perioperative and oncological outcomes of ALPPS versus TSH for CRLM.
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Ratti et al. (2015)

Adam et al. (2016)

Kambakamba et al.  Sandstrom et al. (2018) Baumgart et al. (2019)

(2016)
Patients ALPPS TSH ALPPS TSH ALPPS TSH ALPPS TSH ALPPS TSH
n=12) (@Mm=36) (n=17) (n=41) mM=43) (n=31) (n=48) (n=49) (n=28) (n =50)
Operative Red blood cell 6* 2% 4 2% N/A N/A N/A
details transfusion stage 1
Blood loss stage 1 (ml) N/A 600(300 200(100 N/A 762 + 660* 141 + 182* N/A
—2000)* —1700)*
Red blood cell 4% 4% 4% 8* N/A N/A N/A
transfusion stage 2
Blood loss stage 2 (ml) N/A 500(50 700(170 N/A 234 + 454* 1009 + 658* N/A
—3100) —4000)
Operative time stage 1 276 (138 150 (120 404 (260 337 (190 N/A N/A N/A
(min) —450)* —310)* —668) —700)
Operative time stage 2 185 (50 300 (190 243(138 385(190 N/A N/A N/A
(min) —210)* —370)* —540)* —610)*
Minor Complications 7 (58.3%)* 8(22.2%)* 10 (59%)* 6 (15%)* N/A N/A N/A
(Clavien1-2)
Major Complications 5(41.7%)* 6 (17.6%)* 7 (41%) 16 (39%) 9 (21%) 5(16%) 19(43%) 12 (43%) 4(50%) 17(34%)
(Clavien 3—4)
Completion of both 12 (100%) 34 (94%) 17 (100%)* 26 (63%)* 64 (86%) 44(92%)* 28 (57%)*  8(100%)*  39(78%)*
stages
Mortality 1(83%)* 1(29%)* 0 2 (5%) 5(11%) 2 (6%) 4 (8%) 3 (6%) 1(12%) 2(4%)
Length of stay (days) 24 [16*42] 18 []4*38] N/A N/A 23 [17] 18 []4] 23.5 (20-66) 9.5 (7-65)1
8.5 (7-25)2
Resection margin (R0)  N/A 2 (11%) 5(19%) 54 (73%) 34(77%) 16 (57%) 8(100%) 35(89%)
Volumetric % FLR increase 47 (38 41 (29-79) 24 (11-38) 30(19-53) N/A 68 +38* 36 + 18* N/A
outcomes —133)
% FLR before second stage 36 345 36 (26—49) 40 (25-55) N/A 37.1* 26.1* N/A
Time between stage 1 11 (7-12)* 31 (25 12 (9—39)* 103(19 N/A 11 +11* 43 + 15*% 7(6—11)  58-70
and 2 (days) —39)* —450)*
Oncologic Local recurrence N/A 8 (47%) 9(21.9%) 28(37.8%) N/A 87.5% 60%
outcomes Overall survival (months) 92 (12) 94 (12) 72 (24) 95 (24) 41(24.7) 23(29.3) N/A 36.2(11.3  26.7(21.8
—61.2) —35.1)
Disease-free survival 67 (12) 80(12) 0(12) 10(12) 36(10.8) 18(11) N/A 3(1.6 5.9(1.7
(months) —14.8) —18.6)

RCT: randomized controlled trial; ALPPS: associating liver partition and portal vein ligation for staged hepatectomy; TSH: two-staged hepatectomy; ASA: American Society of
Anesthesiologists; BMI: body mass index; FLR: future liver remnant. N/A: not assessed;'Stage 1; 2Stage 2; *: statistically significant. Data are expressed as number of cases and

percentages or range in parenthesis.

(IGP and JGT). A data extraction form adapted for this review was
developed from the 2010 Preferred Reporting Items for Systematic
review and Meta-analysis (PRISMA) guidelines [29].

2.3. Assessment of risk of bias

Two authors assessed risk of bias independently (LAN and ASS).
Quality was assessed using the Jadad scoring system [30] for ran-
domized control trials and the Newcastle-Ottawa scale (NOS) [31]
for nonrandomized studies (Table 1).

2.4. Statistical analysis

Statistical analyses were performed in R software (version 4.0.2)
[32] with package meta [33]. Analyses comprised only study-level
data comparisons rather than individual-level data. For dichoto-
mous outcomes, we used the Mantel-Haenszel method for
obtaining the relative risk (RR) and its 95% confidence interval (CI)
and restricted maximume-likelihood estimator (REML) to estimate
the between-study variance. Survival outcomes were analyzed as
dichotomous outcomes with percentage of survival for each
endpoint, as we could not obtain hazard ratios (HR) for all studies.
We used the method of inverse variance pooling for continuous
variables, reporting standardized mean difference (SMD) estimated
with Hedges’ g method. A random-effects model was used for the
meta-analysis of results. Heterogeneity was assessed for the
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individual meta-analyses by using the F measurement and
between-study variance with 2. Significant heterogeneity was
defined as p < 0.05 using the Cochran Q test. Further quantification
of heterogeneity was categorized based upon I with values of 25%,
50%, and 75%, indicating low, moderate, and substantial amounts of
heterogeneity, respectively.

2.5. Protocol registration

This systematic review was registered in the international
PROSPERO database in April 2019 (CRD42019125943), prior to the
analysis being undertaken (http://www.crd.york.ad.uk/PROSPERO/
) [34].

3. Results

3.1. Study identification and characteristics

Out of a total of five hundred eighty-three citations, 557 studies
underwent full-text review, of which 510 were excluded because
either they did not fulfill the scientific article structure criterion, the
surgical approach described was different or technical variations of
the same procedure were conducted, or the studies included ma-
lignancies other than CRLM. Overall, 5 studies with a total of 335
involved patients met the inclusion criteria (Fig. 1). The character-
istics of the included studies are shown in Table 2a. Of the 5
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Experimental Control Standardised Mean
sD

Study Total Mean SD Total Mean Difference SMD 95%-Cl Weight
Ratti 2015 12 28289 9573 36 163.91 44.85
Adam 2016 17 423.40 113.71 41 358.38 117.48

E— 192 (115,268 48.2%
t 0.55 [-0.02;1.13] 51.8%
1.21 [-0.13; 2.55] 100.0%

2 -1 0 1 2

Random effects model 29
Heterogeneity: /2 = 87%, % = 0.8154, p < 0.01

7

A Meta-analysis of studies on surgery duration (stage 1) of patients undergoing ALPPS vs TSH

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Ratti 2015 12 163.94 49.09 36 29572 42.49 -2.94 [-3.83;-2.04] 48.3%
Adam 2016 17 274.04 112.04 41 387.97 96.75 -1.11 [-1.71;-051] 51.7%

Random effects model 29 7

?l—v—v—\
Heterogeneity: /2 = 91%, v = 1.5158, p < 0.01

3210123

-1.99 [-3.78; -0.20] 100.0%

B Meta-analysis of studies on surgery duration (stage 2) of patients undergoing ALPPS vs TSH.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Ratti 2015 12 2591 798 36 19.71 567 0.97 [0.29; 1.65] 57.1%
Baumgart 2019 8 3241 16.16 50 14.15 12.89 — = —— 1.35 [0.56;2.14] 42.9%

Random effects model 20 —

Heterogeneity: /2 = 0%, ©* = 0, p = 0.47

86 1.13 [0.62; 1.65] 100.0%

-2 -1 0 1 2

C Meta-analysis of studies on length of stay of patients undergoing ALPPS vs TSH.

Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 6 12 2 36 —#=——9.00 [2.09; 38.79] 54.5%
Adam 2016 4 17 2 M4 —=—— 4.82 [0.97;23.90] 45.5%
Random effects model 29 77 = 678 [2.30; 19.94] 100.0%
Heterogeneity: /> = 0%, ©* =0, p = 0.57
01 051 2 10
D Meta-analysis of studies on red blood cell (stage 1) of patients undergoing ALPPS vs TSH.
Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 4 12 4 36 +——%— 3.00 [0.88; 10.18] 44.2%
Adam 2016 4 17 8 4 — 1.21 [0.42; 3.48] 55.8%
Random effects model 29 77 e 1.80 [0.74; 4.38] 100.0%
Heterogeneity: /° = 18%, 1* = 0.0750, p = 0.27

0.1 05 1 2 10

E Meta-analysis of studies on intraoperative red blood cell transfusion (stage 1) of patients undergoing ALPPS vs TSH.
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Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 7 12 8 36 —— 2.63 [1.21;5.70] 53.9%
Adam 2016 10 17 6 41 — i ——4.02 [1.74;9.31] 46.1%
Random effects model 29 7 e 3.19 [1.81; 5.65] 100.0%

Heterogeneity: 1> = 0%, ©* =0, p = 0.47
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F Meta-analysis of studies on minor complications of patients undergoing ALPPS vs TSH.

Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 5 12 6 36 {——=——— 250 [0.93;6.73] 12.0%
Adam 2016 7 17 16 41 —— 1.06 [0.53;2.09] 25.1%
Kambakamba 2016 9 43 5 3 —_—T 1.30 [0.48;3.50] 12.0%
Sandstrém 2018 19 48 12 49 T— 1.62 [0.88;2.95] 32.3%
Baumgart 2019 4 8 17 50 —T 1.47 [0.67,3.25] 18.7%
Random effects model 128 207 <= 1.46 [1.04; 2.06] 100.0%
Prediction interval o p— [0.84; 2.56]
Heterogeneity: I = 0%, " =0, p = 0.71
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G Meta-analysis of studies on major complications of patients undergoing ALPPS vs TSH.
Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 1 12 1 36 + 3.00 [0.20; 44.36] 10.3%
Adam 2016 o 17 5 41 0.22 [0.01; 369] 9.3%
Kambakamba 2016 5 43 PR 1.80 [0.37; 8.69] 30.2%
Sandstrém 2018 4 48 3 49 — 1.36 [0.32; 5.76] 35.9%
Baumgart 2019 1 8 2 50 — 3.12 [0.32; 30.60] 14.4%
Random effects model 128 207 B 1.53 [0.64; 3.62] 100.0%
Prediction interval S—— [0.38; 6.21]
Heterogeneity: I = 0%, t* = 0, p = 0.64
01 0512 10
H Meta-analysis of studies on mortality of patients undergoing ALPPS vs TSH.
Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 12 12 34 36 H 1.06 [0.98;1.14] 30.1%
Adam 2016 17 17 2 41 i 1.57 [1.25;1.97] 222%
Sandstrom 2018 44 48 28 49 —— 1.60 [1.24;2.07] 20.6%
Baumgart 2019 8 8 39 50 - 1.28 [1.11;1.48] 27.0%
Random effects model 85 176 = 1.32 [1.09; 1.61] 100.0%
Prediction interval — [0.54; 3.22]
Heterogeneity: 12 = 85%, t° = 0.0324, p < 0.01
0.5 1 2
I Meta-analysis of studies on of of patients ALPPS vs TSH.
Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Adam 2016 2 17 5 41 e e — 0.96 [0.21; 4.50) 4.9%
Sandstrom 2018 34 48 16 49 - 217 [1.40; 3.37] 34.1%
Baumgart 2019 8 8 35 50 142 [1.19; 1.70] 60.9%
Random effects model 73 140 < 1.61 [1.13; 2.30] 100.0%
Prediction interval — [0.05; 56.19]
Heterogeneity: 1 = 40%, v = 0.0454, p = 0.19
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J Meta-analysis of studies on RO resection of patients undergoing ALPPS vs TSH.

Fig. 2. Forest plot comparing perioperative outcomes of ALPPS versus TSH. A fixed-effects model was used for the meta-analysis of results. SMD and RR are shown with 95% Cis. A
Operative time stage 1; B Operative time stage 2; C Length of stay; D Intraoperative red blood cell transfusion stage 1; E Intraoperative red blood cell transfusion stage 2; F Minor
complications; G Major complications; H Perioperative mortality. ALPPS Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy, TSH Two-Stage Hepatectomy,
SMD standardized mean difference, RR risk ratio, CI confidence interval, SD standard deviation.

included studies, there was only one RCT [35] and the remainder
were retrospective studies [36—39]. The median sample size in the
ALPPS group was 17 (range 8—48) and 41 (range 36—50) in the TSH
group. No significant differences were found in age, gender, or ASA
score between the ALPPS and TSH groups, although one study re-
ported higher body mass index in the TSH group (26.4 vs 24.9;
p = 0.023)%. Regarding tumor characteristics, no significant dif-
ferences were found in the location, T-stage or N-stage of the pri-
mary tumor, presence of synchronous/metachronous metastases,
number and size of liver lesions, or presence of extrahepatic disease
between ALPPS and TSH groups. At least seventy-five percent of
patients included in the studies received preoperative chemo-
therapy, with a median of 6 preoperative chemotherapy cycles
(range 2—37) in both groups [36—38]. Heterogeneity between
studies was found when comparing preoperative chemotherapy
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schemes, differing among oxaliplatin, irinotecan or capecitabine,
and biologic agents [35—38]. Response to chemotherapy was
assessed using the Response Evaluation Criteria In Solid Tumors
(RECIST) before first-stage hepatectomy was performed. Progres-
sion rates ranged from 0% to 11% [35,37,38]. Only one study®’ re-
ported interval chemotherapy between first and second
hepatectomy in the TSH group.

3.2. Perioperative outcomes

All of the studies included in the meta-analysis reported intra-
and postoperative outcomes (Table 2b) [35—39].

The analysis of operative time in stage 1 hepatectomy showed
no significant differences between the two groups [36,37] (SMD
1.21, 95% CI -0.13-2.55), while significant differences were
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Experimental Control
Study Total Mean SD Total Mean SD
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Random effects model 37 127

Prediction interval
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A Meta-analysis of studies on time interval between first and second hepatectomy of patients undergoing ALPPS vs TSH.

Experimental

Study Total Mean SD Total Mean
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B Meta-analysis of studies on %FLR increase of patients undergoing ALPPS vs TSH.

Fig. 3. Forest plot comparing volumetric outcomes of ALPPS versus TSH. A Time interval between first and second hepatectomy; B Percentage of future liver remnant (%FLR)
increase. ALPPS Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy, TSH Two-Stage Hepatectomy, SMD standardized mean difference, CI confidence interval,

SD standard deviation.

observed between techniques in terms of lower surgery duration
for patients undergoing stage 2 hepatectomy in ALPPS group (SMD
-1.99, 95% CI -3.78 to —0.20), although heterogeneity levels be-
tween studies were substantial (P = 91%, p < 0.01). Regarding
length of stay, significant differences were also observed between
the two groups in favor of the THS group (SMD 1.13, 95% CI
0.62—1.65, F = 0%, p = 0.47). Only two studies evaluated the
intraoperative red blood cell transfusion [36,37]; in stage 1, sig-
nificant differences were observed between groups in detriment of
the ALPPS group (RR 6.78, 95% CI 2.30—19.94, F¥ = 0%, p = 0.57),
whilst no differences were observed in stage 2 hepatectomy (RR
1.80, 95% CI 0.74—4.38, P = 18%, p = 0.27). A meta-analysis of the
two studies [36,37] reporting minor complications showed benefit
in the TSH group (RR 3.19, 95% ClI 1.81-5.65, ¥ = 0%, p = 0.47).
Likewise, differences were observed between techniques in terms
of lower major complications for patients undergoing TSH (RR 1.46,
95% CI 1.04—2.06, I = 0%, p = 0.71). Nevertheless, the five studies
included [35—39] reported perioperative mortality data (Table 2b),
with no significant differences observed between groups (RR 1.53,
95% C1 0.64—3.62, P = 0%, p = 0.64). However, only one study [36]
reported higher mortality rate in the ALPSS group after second
hepatectomy (8.3% vs 2.9%; p = 0.041). Completion of hepatectomy
was reported in four studies [35—37,39], showing a benefit in favor
of the ALPPS group (RR 1.32, 95% CI 1.09—1.61), although hetero-
geneity among studies were considerable (P = 85%, p < 0.01).
Furthermore, a significant difference was observed in terms of RO
resection, in favor of the ALPPS technique (RR 1.61, 95% CI
113-2.30, P = 40%, p = 0.19), in the three studies included
[35,37,39]. A meta-analysis of the included studies is shown in
Fig. 2.

3.3. Volumetric outcomes

Only three studies reported on time interval between first and
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second hepatectomy [36,37,39], with no significant differences
between the two groups (SMD -9.78, 95% CI -21.52—1.96), although
heterogeneity levels among studies were considerable (I = 98%,
p < 0.01).

The analysis of the percentage of FLR increase showed no sig-
nificant differences between the two groups (SMD 0.05, 95% CI
-1.81-191, P = 94%, p < 0.01). A meta-analysis of the included
studies is shown in Fig. 3.

3.4. Oncological outcomes

Four studies separately analyzed postoperative local recurrence,
OS and DFS [36—39]. Meta-analysis of the two studies [37,39]
reporting local recurrence confirmed a lower recurrence rate in the
TSH group (RR 1.56, 95% CI 1.14—2.13, P = 0%, p = 0.37). Never-
theless, no significant differences were achieved between the two
groups in terms of OS (RR 0.93, 95% CI 0.68—1.27, F = 52%, p = 0.10)
and DFS (RR 1.08, 95% C1 0.47—2.49, F = 54%, p = 0.11), respectively.
Only one study reported a significantly lower 2-year OS after
diagnosis of liver metastases in the ALPPS group (72% vs 95%;
p = 0.017)*”. A meta-analysis of the included studies is shown in
Fig. 4.

4. Discussion

Few reports have contributed to the literature comparing the
benefit of ALPPS versus TSH for initially unresectable CRLM. Despite
first concerns about the safety of ALPPS, morbidity rates related to
the first and second hepatectomies were subsequently proven to be
comparable to those of TSH [27]. However, the rapid hypertrophy of
the FLR [40] and the increased resectability rate [35] achieved with
ALPPS technique compared to TSH, does not necessarily entail
improved oncological outcomes. Therefore, definitive and sustain-
able conclusions from prospective studies comparing both ALPPS
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Random effects model 25 91
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A Meta-analysis of studies on local recurrence of patients undergoing ALPPS vs TSH.

Experimental Control

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Ratti 2015 11 12 34 36 0.97 [0.80;1.17] 46.1%
Adam 2016 12 17 39 41 0.74 [0.54;1.02] 35.2%
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B Meta-analysis of studies on overall survival of patients undergoing ALPPS vs TSH.

Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
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Adam 2016 0 17 4 41 0.26 [0.01;, 4.64] 7.5%
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C Meta-analysis of studies on disease-free survival of patients undergoing ALPPS vs TSH.

Fig. 4. Forest plot comparing oncological outcomes of ALPPS versus TSH. A Local recurrence; B Overall survival; € Disease-free survival; ALPPS Associating Liver Partition and Portal
Vein Ligation for Staged Hepatectomy, TSH Two-Stage Hepatectomy, SMD standardized mean difference, CI confidence interval, SD standard deviation.

technique and TSH in the setting of initially unresectable CRLM are
missing. Accordingly, by including the evidence available to date,
this meta-analysis is one of the first to assess whether there are
perioperative benefits that lead to improvements in oncological
outcomes regarding CRLM of one technique with respect to
another.

Concerning morbidity and mortality, when considering both
stages, major complications reported for ALPPS ranged from
13%*1—64% [28]. Mortality after stage two hepatectomy dropped
from the initially reported rate of 12% to the actual value of 7%
[20,21]. Similar related morbidity and mortality rates were
described for conventional TSH [28,42]. It is convenient to highlight
that most of the studies comparing ALPPS and TSH comprised pa-
tients with a wide variety of malignancies. In the present analysis,
minor and major complications were more frequent in the ALPPS
group compared to the TSH group (RR 3.19, 95% CI 1.81-5.65 and RR
1.46, 95% CI 1.04—2.06, respectively). However, no significant dif-
ferences were observed regarding perioperative mortality (RR 1.53,
95% Cl 0.64—3.62, F = 0%, p = 0.64). Nevertheless, it is remarkable
that only one study [38] reported PHLF according to the definition
proposed by the International Study Group of Liver Surgery (ISGLS)
[43]. Therefore, the real incidence of this severe complication could
have been biased. Similarly, none of the included studies described
significant differences in mortality rate between the ALPPS and TSH
groups.
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Drug-specific histological changes, such as steatosis, steatohe-
patitis, sinusoidal obstructive syndrome or biliary sclerosis, have
been described as hepatotoxic effects of preoperative chemo-
therapy and can lead to increased morbidity and mortality after
resection because of liver dysfunction [44]. The effects of these
toxic effects on growth of the FLR are controversial [45,46].
Although large degrees of heterogeneity have been reported
regarding chemotherapy regimens, the current analysis reported
no drug-specific histopathological changes in the underlying liver
parenchyma after resection or differences in the percentage of FLR
growth between TSH and ALPPS groups. Thus, the roles of hepa-
totoxic effects derived from chemotherapy on PHLF or liver
regeneration are particularly complex to assess.

As it is known, one of the main benefits of ALPPS technique is
the rapid regeneration of FLR compared to conventional TSH. The
reported kinetic growth rates were almost tenfold higher for ALPPS
than with TSH [41,47,48], although some authors described more
immature hepatocytes in the FLR of patients who underwent ALPPS
[42]. Despite this, PHLF rates in the aforementioned study [38] were
not significantly higher in the ALPPS group after completion of the
second hepatectomy; thus, by applying the appropriate concepts,
future clinical trials should evaluate the thought that volume does
not equal function.

A considerable finding, and one of the historical drawbacks of
conventional TSH, is the percentage of patients who do not proceed
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to second hepatectomy because of tumor progression or insuffi-
cient FLR hypertrophy; the reported dropout rates vary from 8 to
41% [49—51]. It is a matter of debate whether this reflects a failure
of the surgical strategy or anticipation of poor oncological out-
comes in patients with more aggressive tumor biology. In fact,
some authors have argued that a slightly longer interstage time
interval to volumetric control in ALPPS may be beneficial for the
patient, thus allowing tumor biology to be expressed and avoiding
futile interventions in terms of DFS and 05%?% [50]. In a recent meta-
analysis, Moris et al. [52] reported no difference in DFS despite
higher resectability rate in ALPPS compared to TSH. Furthermore,
although higher resection rates have been reported favoring ALPPS
against TSH [41], no differences in radicality (RO resection) were
reported in any of the articles included in the analysis.

Impact on long-term survival deserves a more detailed study.
Contradictory findings have been reported regarding oncological
outcomes of patients undergoing ALPPS or TSH for CRLM. Published
data concerning OS and DFS between both strategies may be highly
biased by the consideration of different malignancies clustered
under a common entity [22—28,40,42,53,54]. The only RCT pub-
lished in this field concluded that the rate of early tumor recurrence
is similar between techniques after 12 months of follow-up when
radical resection has been achieved (54.5% vs 53.8% in the TSH and
ALPPS groups, respectively) [55]. More recently, survival analysis of
the same RCT demonstrated that patients randomized to ALPPS had
a significantly longer survival than those randomized to TSH (46 vs
26 months, respectively) [56].

There are a number of limitations to this systematic review and
meta-analysis. Although comparative publications were included,
the majority were retrospective studies with small sample sizes
conducted in single centers. Besides, only five articles were
considered for eligibility; thus, considerable heterogeneity was
observed among them. Although the methodological quality of the
studies was assessed as good, the level of evidence was low, mainly
because of the retrospective design of the studies. When comparing
conventional TSH and ALPPS, homogeneity between groups seems
impossible to achieve unless selection criteria for patients and in-
dications, preoperative chemotherapy schemes, and definitions of
surgical techniques and postoperative complications are stan-
dardized. An additional source of bias is that there was no blinded
evaluation of objective endpoints in any of the studies included;
ergo, although the quality of included studies was variable, this
review represents the state of the literature published to date.
Taking into consideration that the oncological outcomes, more than
feasibility or even resection rate, must be the end-point of every
oncological surgical technique, factors affecting OS or recurrence
must be taken into account when comparing groups. Therefore,
location, TNM staging, and K-ras mutations of primary tumors
should be assessed, as should the presence of associated less
invasive procedures such as radiofrequency ablation. Lastly, dura-
tion of follow-up in the included studies might imply lack of in-
formation regarding postoperative and long-term oncological
outcomes from several cohorts.

In conclusion, this comprehensive meta-analysis suggests that
TSH seems to have better postoperative adverse events in terms or
morbidity; however, both ALPPS and conventional TSH for initially
unresectable CRLM appear to have comparable perioperative
mortality rates at experienced centers. Although promising, the
authors conclude by recommending a cautious embrace of these
assessments, recognizing both the inherent limitations and the
demonstrated heterogeneity among studies. Despite the fact that
higher resection rates have been reported with ALPPS, no differ-
ences in radicality were found between both techniques. No
definitive conclusions in terms of OS and DFS can be drawn from
the results. Moreover, further high-quality and prospective
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randomized and multicenter studies encompassing all prognostic
factors related to oncological outcomes in CRLM are needed to
assess the role of these techniques and clarify the potential benefit
of one technique over the other in the short and long-term before
either ALPPS or TSH can be recommended as the standard of care
for initially unresectable CRLM.
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